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PREFACE 

TO  FIRST  EDITION,  1872. 


i 


QHOULD  experts  in  engineering  complain  that  they  do  not  find 
^  anything  of  interest  in  this  Tolnme,  the  writer  would  merely 
remind  them  that  it  was  not  his  intention  that  they  shoold.  The 
book  has  been  prexutred  for  young  members  of  the  profession  ;  and 
one  of  the  leading  objects  has  be^n  to  elacidate,  in  plain  English,  a 
few  important  elementary  principles  which  the  savants  have  envel- 
oped in  sach  a  haze  of  mystery  as  to  render  pursuit  hopeless  to  any 
but  a  confirmed  mathematician. 

Comparatively  few  engineers  are  good  mathematicians ;  and  in 
the  writer's  opinion,  it  is  fortunate  that  such  is  the  case ;  for  nature 
iwely  combines  high  mathematical  talent,  with  that  practical  tact, 
and  observation  of  outward  things,  so  essential  to  a  successful 
engineer. 

There  have  been,  it  is  true,  brilliant  exceptions ;  but  they  are 
very  rare.  But  few  even  of  those  who  have  been  tolerable  mathe- 
maticians when  young,  can,  as  they  advance  in  years,  and  become 
engaged  in  business,  spare  the  time  necessary  for  retaining  such 
aooomplishments. 

Nearly  all  the  scientific  principles  which  constitute  the  founda- 
tion of  civil  engineering  are  susceptible  of  complete  and  satis- 
factory explanation  to  any  ]>erson  who  rtaUy  possesses  only  so  much 
elementary  knowledge  of  arithmetic  and  natural  philosophy  as  is 
fuppoBed  to  be  taught  to  boys  of  twelve  or  fourteen  in  our  public 
•cbools.* 

*Let  two  little  boys  weigh  each  other  on  a  platform  scale.  Then  when  they 
balance  each  other  on  their  board  aee-eaw,  let  them  see  (and  measure  for  them- 
•dves)  that  the  lighter  one  is  Cartlwr  from  the  fence-rail  on  which  their  board  is 
placed,  in  the  same  proportion  as  the  heayier  boj  oatweighs  the  lighter  one. 
Tbef  will  then  have  learned  the  grand  principle  of  the  lever.  Then  let  them 
measare  and  see  that  the  light  one  see-«aw8  farther  than  the  heavy  one«  in  the 
nme  proportion ;  and  they  will  hare  acquired  the  piinclple  of  virtual  velocities. 
Bxpiain  to  then  that  soMolilv  ^  momeiOf  means  nothing  more  than  that  when 
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The  little  tliat  is  beyond  this,  might  safely  be  introsted  to  the 
nyantB.  Let  them  work  out  the  resolts,  and  give  them  to  the  engi- 
neer in  inteUigihle  language.  We  conld  afford  to  take  their  words 
for  it,  because  snch  things  are  their  specialty ;  and  because  we 
know  that  they  are  the  best  qualified  to  investigate  them.  On  the 
same  principle  we  intrust  our  lives  to  our  physician,  or  to  the 
captain  of  the  vessel  at  sea.  Medicine  and  seamanship  are  their 
respective  specialties. 

If  there  is  any  point  in  which  the  writer  may  hope  to  meet 
the  approbation  of  proficients,  it  JB  in  the  accuracy  of  the  tables. 
The  pains  taken  in  this  respect  have  been  very  great  Most  of  the 
tables  have  been  entirely  recalculated  expressly  for  this  book  ;  and 
one  of  the  results  has  been  the  detection  of  a  great  many  errors  in 
those  in  common  use.  He  trusts  that  none  will  be  found  exceed- 
ing one,  or  sometimes  two,  in  the  last  figure  of  any  table  in  which 
great  accuracy  is  required.     There  are  many  errors  to  that  amount. 


they  seat  tbemselyes  at  tbeir  measured  dlBtancei  on  their  tee-aaw,  they  balanee 
€aeh  other.  Let  them  see  that  the  weight  of  the  heavy  boy,  when  multiplied  by 
his  distance  in  feet  from  the  fenoe-rail  amounts  to  Just  as  much  as  the  weight  of 
the  light  one  when  multiplied  by  his  distance.  Explain  to  them  that  each  of 
the  amounts  is  in  foot-ixntnds.  Tell  them  that  the  lightest  one,  because  be  see- 
saws so  much  faster  than  the  other,  will  bump  against  the  ground  Just  as  hard  as 
the  heavy  one ;  and  that  this  means  that  their  momentumt  are  equal.  The  boys 
may  then  go  in  to  dinner,  and  probably  puszle  their  big  lout  of  a  brother  who 
has  Just  passed  through  college  with  high  honors.  They  will  not  forget  what 
they  have  learned,  for  they  learned  it  as  play ^  without  any  ear-pulling,  spanking, 
or  keeping  in.  Let  their  bats  and  balls,  their  marbles,  their  swings,  &c,  once 
become  their  philosophical  apparatus,  and  children  may  be  taught  {reaUy  taught) 
many  of  the  most  important  principles  of  engineering  before  they  can  read  or 
write.  It  is  the  ignorance  of  these  principles,  so  easily  taught  even  to  children, 
that  constitutes  what  is  popularly  called  *'  Thb  Pbactical  EifonrBBB ;  *'  which, 
In  the  great  majority  of  cases,  means  simply  an  ignoramus,  who  blunders  along 
without  knowing  any  other  reason  for  what  he  does,  than  that  he  has  seen  it  done 
BO  before.  And  it  is  this  same  ignorance  that  causes  employers  to  prefer  this 
practical  man  to  one  who  is  conrersant  with  principles.  They,  diemseWes,  were 
spanked,  kept  in,  Ac,  when  boys,  because  they  could  not  master  lererage,  equality 
of  moments,  and  virtual  velocities,  enveloped  in  x*s,  p's,  Greek  letters,  square- 
roots,  cube-roots,  Ac,  and  they  naturally  set  down  any  man  as  a  fool  who  could. 
They  turn  up  their  noses  at  science,  not  dreaming  that  the  word  means  simply, 
kntwing  why.  And  it  must  be  confessed  that  they  are  not  altogether  without 
reason ;  for  the  savants  appear  to  prepare  their  books  with  the  express  oltfeot  of 
pNToating  porchaaen,  (thi^y  have  bat  few  rtaderet)  fhxm  iMmiag  why. 
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CBpeeially  where  the  lecalCTiletiini  mm  yntj  tedloiHy  and  wbeiei 
ooDseqaently ,  interpoUtiiHi  ttm  noorted  ta  Thej  axe  too  small  te 
be  of  pxactical  importance.  He  knows,  however,  the  almost  impos- 
sibility of  avoiding  larger  errors  enHrdy;  and  will  be  glad  to  be 
informed  of  any  that  may  be  detected,  except  the  final  onesalladed 
to,  that  they  may  be  corrected  in  case  another  edition  shoald  be 
called  for.  Tables  which  are  absolutely  reliable,  possess  an  in- 
trinsic valae  that  is  not  to  be  measnred  by  money  alone.  With  this 
consideration  the  volnme  has  been  made  a  trifle  laiger  than  would 
otherwise  have  been  necessaiy,  in  order  to  admit  the  stereotyped 
sines  and  tangents  from  his  book  on  railroad  corves.  These  have 
been  so  thorooghly  compared  with  standards  prepared  independ« 
ently  of  each  other,  that  the  writer  believes  them  to  be  absolatelj 
correct. 

In  order  to  rednoe  the  volume  to  pocketrsise,  smaller  type  hai 
been  nsed  than  wonld  otherwise  have  been  desirable. 

Many  abbreviations  of  common  words  in  frequent  use  have  been 
introduced,  such  as  abut,  cen,  diag,  hor,  vert,  pres,  &c,  instead  ot 
abutment,  center,  diagonal,  horizontal,  vertical,  pressure,  &c.  They 
can  in  no  case  lead  to  doubt ;  while  they  appreciably  reduce  the 
thickness  of  the  volume. 

Where  prices  have  been  added,  they  are  placed  in  footnotes.  They 
are  intended  merely  to  give  an  approximate  or  comparative  idea  of 
value ;  for  constant  fluctuations  prevent  anything  farther. 

The  addresses  of  a  few  manufacturing  establishments  have  also 
been  inserted  in  notes,  in  the  belief  that  they  might  at  times  be 
found  convenient.  They  have  been  given  without  the  knowledge 
of  the  proprietors. 

The  writer  is  frequently  asked  to  name  good  elementary  books 
on  civil  engineering ;  but  regrets  to  say  that  there  are  very  few 
such  in  our  language.  '*  Civil  Engineering,"  by  Prof.  Mahan  of 
West  Point ;  *"  Boads  and  Railroads,"  by  the  late  Prof.  Gillespie ; 
and  the  '*  Handbook  of  Railroad  Gonstruction,"  by  Mr.  George  L. 
Yoee,  Civ.  Eng.  of  Boston,  are  the  best.  The  writer  has  reason  tc 
know  that  a  new  edition  of  the  last,  now  in  ^^  will  be  far 


sapeiior  to  all  predeoeaBore ;  and  bettor  adapted  to  the  wante  of 
the  yoang  engineer  than  any  book  that  has  appeared. 

Many  of  Weale's  series  are  excellent.  Some  few  of  them  are 
behind  the  times ;  bat  it  is  to  be  hoped  that  this  may  be  rectified 
in  intare  editions.  Among  pocket-books,  Haswell,  Hamilton's 
Usefhl  Information,  Henck,  MoleswoKh,  Nystrom,  Weale,  &c, 
abound  in  valuable  matter. 

The  writer  does  not  include  Rankine,  Moseley,  and  Weisbacli, 
because,  although  their  books  are  the  productions  of  master-minds, 
and  exhibit  a  profundity  of  knowledge  beyond  the  reach  of  ordi- 
nary men,  yet  their  language  also  is  so  profound  that  very  few 
engineers  can  read  them.  The  writer  himself,  having  long  since 
forgotten  the  little  higher  mathematics  he  once  knew,  cannot.  To 
him  they  are  but  little  more  than  striking  instances  of  how  com- 
pletely the  most  simple  facts  may  be  buried  out  of  sight  under 
heaps  of  mathematical  rubbish. 

Where  the  word  *^ton''  iJs  used  in  this  volume,  it  always  means 
2240  lbs. 

There  is  no  table  of  errata,  because  no  errors  are  known  to  exist 
except  two  or  three  of  a  single  letter  in  spelling ;  and  which  will 

probably  escape  notice. 

John  C.  Tbautwistb. 

Philadelphia,  November  13th,  1871. 
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FBEFAGE  TO  TWENTIETH  EDITION 

(ONE   HUNDRED   AND   FORTIETH   THOUSAND,    1919.) 

Sinee  the  appearance  of  its  first  edition  in  1871-2,  and  in- 
cluding the  present  edition,  "TBAUTWINE"  has  undergone 
four  extensive  revisions,  viz. — 

1.  For  the     9th  edition,   22nd  thousand,  1885, 

2.  For  the  18th  edition,    70th  thousand,  1902, 

3.  For  the  19th  edition,  100th  thousand,  1909, 

4.  For  the  20th  edition,  140th  thousand,  1919. 

1.  For  tiie  9th  edition,  1885,  many  improvements  were  made, 
increasing  the  number  of  pages  about  one  fifth;  the  material 
was  rearranged  in  a  more  nearly  rational  order,  and  a  new  index 
was  f  umisht,  with  more  than  double  the  number  of  entries  and 
arranged  in  stricter  alphabetical  order.  The  typography  was 
much  improved,  notably  in  the  matter  of  the  illustrations. 

2.  For  the  18th  edition,  1902,  nearly  400  pages  of  new  mat- 
ter were  added;  and  the  new  edition  was  larger,  by  about  100 
pages,  than  its  predecessor.  Among  the  notable  improvemente 
were  a  new  table  of  logarithms,  with  discussion  of  logarithms 
and  of  logarithmic  diagrams  and  of  the  slide  rule ;  an  extensive 
conversion  table  of  units  of  weights  and  measures,  with  their 
logarithms;  and  new  aiticles  on  statics,  on  the  strength  of 
beams,  and  on  bridge  and  roof  trusses,  including  a  compre- 
hensive digest  of  specifications  for  bridges  and  roof  trusses. 
New  features  were  a  condenst  price-list  and  business-directory, 
and  a  bibliography,  listing  standard  books  devoted  to  engineer- 
ing and  kindred  subjects. 
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3.  For  the  19th  edition,  1909,  about  300  pages  of  new  mate- 
rial were  added,  dealing  principally  with  cement  and  with  con- 
crete, plain  and  reinforced,  with  special  reference  to  the  rules 
and  results  of  modern  practice.  The  effort  was  to  give  "a  more 
complete  and  more  conveniently  classified  presentation  of  mod- 
em practice  in  concrete  than  was  to  be  found  elsewhere  in 
equal  space.''  The  principles  of  the  strengths  of  materials,  and 
of  beams  and  columns,  were  discust  in  revised  form,  and  much 
additional  information  given,  respecting  the  strengths  of  col- 
umns. 

4.  For  the  present  20th  edition,  1919,  about  400  pages  of 
type  have  been  set,  relating  principally  to  matters  connected 
with  railroads.  Some  idea  of  the  extent  of  the  improvements 
here  made  is  given  by  the  following  comparison,  which  shows 
the  numbers  of  pages  devoted  to  different  branches  of  the  sub- 
ject, in  the  19th  and  20th  editions  respectively: — 

Pages  in 
19th  edition       20th  edition 

Track,   15  42 

Turnouts  and  Crossings, . .  20  52 

Circular  Curves, 10  92 

Spiral  Curves, 0  16 

Signaling,  0  12 

Yards  and  Stations, 11  17 

Rolling  Stock,  11  18 

Train  Besistance,  0  14 

Train  Dynamics, 0  11 

Train  Operation  Cost,  ...     0  13 

Construction  Cost, %  36 

Statistics,   3  4 

Totals,    70%  327 

In  this  new  material,  as  a  whole,  and  notably  in  that  relating 
to  Track,  liberal  use  has  been  made  of  the  standards  and 
recommended  practice  of  the  American  Railway  Engineering 
Association,  which  authoritatively  represent  current  American 
railroad  practice. 
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Under  Curves,  in  the  interest  of  clearness  and  of  brevity,  we 
use  the  terms,  ''sharpness''  and  "sweep,"  to  designate  the  quan- 
tities hitherto  generally  called  "degree  of  curve''  and  "central 
angle"  respectively.  The  new  terms  are  unmistakable  in  their 
significance,  because  they  exactly  describe  their  respective  func- 
tions; whereas  "degree  of  curvature"  (usually  associated  with 
the  sharpness  of  a  curve)  is  often  used  also  in  connection  with 
its  central  angle  or  "sweep."  Thus  we  find,  in  other  works, 
discussions  of  "the  value  of  a  degree  of  curvature,"  meaning 
the  value  of  a  degree  of  oentral  angle  (of  "sweep"). 

Our  discussion  of  curves  is  in  general  based  upon  the  common 
practice  of  using  the  100-foot  chord;  but  attention  is  given 
to  the  use,  recently  favored  by  some  eminent  authorities,  of  a 
"chain"  a  little  shorter  than  the  usual  100  feet,  in  order  that 
the  length  of  the  curve  may  be  stated  truly,  instead  of  as  the 
sum  of  the  lengths  of  its  100-ft  chords.  This  method  has 
the  advantage  of  rendering  exact  many  equations  which,  with 
the  100-ft  chord,  are  only  approximate. 

New  tables  of  curve  radii  (with  their  logarithms),  of  long 
chords,  of -middle  ordinates,  and  of  1-degree  curve  functions, 
are  given.  The  discussion  of  re-survey  of  curves  is  new  to  this 
work. 

Our  treatment  of  spiral  curves  iB  based  upon  the  ''ten-chord" 
spiral,  adopted  and  recommended  by  the  American  Railway 
Engineering  Association. 

Under  Operation  Cost,  the  items  of  train-mile  cost  are  ana- 
lyzed, and,  by  means  of  them,  the  effect  of  a  given  difference 
of  location,  upon  operation  cost,  is  studied.  From  this  is  de- 
duced its  annual  cost  or  value,  and,  finally,  its  capitalized 
value.    The  merits  of  alternative  lines  are  thus  compared. 

For  the  data  given  under  Construction  Cost  we  are  very 
largely  indebted  to  Mr.  Halbert  P.  Qillette's  monumental  "Cost 
Data,"  which,  by  invitation  of  its  author,  we  have  freely  used. 

As  in  our  preceding  editions,  all  new  work  and  all  revisions 
have  been  the  subject  of  our  personal  attention,  and  "scissors- 
and-paste"  methods  have  been  scrupulously  avoided. 

As  in  all  cases  heretofore,  every  rule  and  formula  and  every 
description  of  methods,  etc.,  can  be  readily  understood  by  any- 
one, engineer  or  layman,  understanding  the  use  of  common  and 
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decimal  fractions,  of  roots  and  powers,  of  logarithms,  and  of 
elementary  plane  trigonometry.  On  the  other  hand,  one  who  is 
not  possest  of  this  very  meagre  stock  of  mathematical  knowl- 
edge will  hardly  approach  engineering  problems,  even  as  an 
amateur.  We  therefore  follow  our  precedent,  establisht  a  quar- 
ter-century ago,  of  putting  rules  in  the  shape  of  formulas, 
which  have  ''the  great  advantage  of  showing  the  whole  opera- 
tion at  a  glance,  of  making  its  principle  more  apparent,  and 
of  being  much  more  convenient  for  reference." 

In  preparing  for  this  edition,  extraordinary  precautions  have 
been  taken  for  the  protection  of  our  readers  against  the  occur- 
rence of  typograpical  and  other  errors.  In  this,  as  in  previous 
editions,  special  attention  has  been  given  to  the  matter  of 
typography,  which,  like  all  other  steps  in  manufacture,  has  been 
under  our  own  direct  personal  control.  This  includes  the  prep- 
aration of  the  illustrations,  all  of  which,  beginning  with  our 
ninth  edition  in  1885,  have  been  made  by  the  wax  process. 

Nearly  all  sections  of  the  new  material  were  returned  to 
the  printer  for  revision  and  correction,  at  least  /our  times. 
Each  proof  was  examined  or  treated  by  at  least  three  persons, 
each  time  it  was  received  by  us,  each  worker  concentrating  on 
some  one  particular  feature,  such  as  correction  of  error,  adjust- 
ment of  headings,  etc. 

The  manuscript  was  thoroly  checkt  before  it  was  sent  to 
the  printer.  The  first  proof  was  minutely  read  by  ourselves,  as 
well  as  by  the  printer.  In  this  work  we  used  a  new  apparatus, 
of  our  own  invention,  to  facilitate  the  verification  of  punctua- 
tion, of  bold  and  italic  characters,  etc.  Another  device  of  our 
own  was  used  in  comparing  successive  proofs,  to  detect  any  ac- 
cidental shifting  of  type  matter. 

Even  if  our  use  of  Linotype  for  nearly  all  of  the  new  mate- 
rial had  given  results  inferior  in  appearance  to  the  individual 
type  formerly  used,  such  use  would  have  been  entirely  justified 
by  its  greatly  increast  reliability.  Altho  it  has  been  necessary 
in  some  cases  to  cast  lines  in  sections,  as  in  some  of  the  formula 
work,  the  misplacing  of  any  such  section  is  far  more  likely  to 
be  detected  than  the  misplacing  of  individual  type. 
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Finally,  and  not  nntil  the  plates  were  cast  and  there  was  no 
poasibilitj  of  the  further  shifting  of  tjrpe,  all  complex  matter, 
as  that  in  Turnouts  and  Crossings,  Curves,  etc.,  was  thorolj 
verified  for  sense,  correctness  and  accuracy  by  others  who  had 
T  1  seen  the  work  before,  while  every  new  table,  after  east- 
ing, was  proof-read  at  least  twice,  and  by  different  combina-^ 
tions  of  proof-readers. 

The  numerous  and  extensive  changes,  above  mentioned,  h«ve 
of  course  necessitated  extensive  revision  of  the  Contents  and 
Index;  the  latter  especially  being  greatly  enlarged. 

John  C.  Teautwine,  Jr., 
John  C.  Trautwinb,  3d. 
Phii«adelphia,  August,  1918. 
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HATHOiATI€AI.  STHBOUL 

f  Pins,  poBitlTe,  add.    1.414+  mmna  1.414  +  other  decimaU 

—  Minus,  negative,  subtract.  _ 

±  Phis  or  mihus,  ixMltire  or  negative.    Thus,  ya^  =■  ±  a. 

7  Minus  or  plusi. 

X  Multiplied  by,  times.    Thus,  x  X  y  =»  x.y  =»  x  7;  8  X  4  =  IflL 

:  VlHvided  by.     Thus,  a  -1-  b  =  a :  b  =«  a/b  =  ^• 

::  Proportion.    Thus, a  :  5  ::  c  :  d^  aiaii to5,soisotod. 
->  Equals,  is  equal  to. 
>  Is  greater  than.    Thus,  6  >  6. 
<  la  less  than.     Thus,  5  <  6. 
i*>Is  not  equal  to. 
^  Is  greater  or  less  than. 
>  Is  not  greater  than. 
^Isnottess  than. 
^  b  equal  to  or  greater  than. 
^U  equal  to  or  148  than. 
oc  Is  proportional  to,  varies  witbi 
00  Infinity. 

jL  li  perpendicular  to. 
^  }  Angle. 
«^  Is  similar  to. 

I  Is  paraUel  to. 

^  *^Bootot  lliua,  |/oor  j/eT'^tqaut  rootof  a,  i/o"— 8d orcuberoot  of  a, 

•J  a  a-  nth  root  of  a. 
Ptrenthesis.  1 

Brackets.        I  Quantities  enclosed  or  covered  by  the  symbol  are  to  be 
I      taken  together. 

^—Vinculum.   J 
*.*  Sinoe^  because. 
•'•  Henoe,  therefore. 
°I>egre^ 

I  Minutes  of  arc,*  feet. 
Seconds  of  arc»*  inches. 

""  etc.     Prime,  second,  third,  etc.     DIstingnlshIng  accents.     Thai,  df« 
■pnme;  a",  a  second,  etc. 

V  51^^|^  =,  a.l41fi0265+,  arc  of  semicircle,  or  m>. 

^  Modulus  of  elasticity. 

«<,  fiaae  of  Napierian,  natural  or  hyperbolic  loffarithms  =  2.718281828. 
f,  Acceleration  of  gravity  =■  approxiniHtely  82.2  feet  per  second  per  seoond  •- 
*PI»iaiinately  9JS1  meters  per  second  per  second. ^ 

•Mlnntes  and  seeonds  of  time,  formerly  also  denotsd  by '  and  ",  are  now  de- 
notedby  m  and  j,  or  by  min  and  see,  xespeoUTaly. 
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OBEEK  ALPHABET. 


THE  OBEEK   AI^PHABET. 

This  alphabet  is  inserted  for  the  benefit  of  those  who  have  occasion  to  consnU 
•cientific  works  in  which  Greek  letters  are  used,  and  who  find  it  inconvenient 
to  memorize  the  letters. 


) 


Greek  letters. 

Kame. 

Approximate 
equivalent. 

Commonly  used  to  designate 

Capital. 

Small. 

A 

« 

Alpha 

a 

Angles,  Coefficients. 

B 

/8 

Beta 

b 

M                               U 

r 

y 

Gamma 

e 

•*               "     Specific  gravity. 

A 

a 

Delta 

d 

"               "     Density,  Variation 
/  Base  of  hyperbolic  logarithms  ^ 
i     2.7182818. 
V  Eccentricity  in  conic  sections. 

E 

• 

Epsilon 

e  (short) 

z 

< 

ZeU 

z 

Co-ordinates,  Coefficienta. 

H 

1 

Et« 

e  (long) 

u                                tt 

e 

B& 

Theta 

th 

Angles. 

I 

I 

rota 

i 

K 

K 

Kappa 

k 

A 

A 

Umbda 

1 

Angles,  Coefficients,  Latitude. 

M 

** 

Mu 

m 

•4                                  t. 

N 

¥ 

Nu 

n 

" 

B 

$ 

Xi 

X 

Co-ordinates. 

0 

0 

Omicron 

0  (short) 

n 

IT 

Pi 

P 

Circumference  •«-  diameter.* 

p 

P 

Rho 

r 

Radius,  Ratio. 

2 

c* 

Sigma 

8 

Distance  (space).t 

T       j 

T 

Tau 

t 

Temperature,  Time, 

V 

V 

Upsilon 

u  or  y 

♦       ' 

* 

Phi 

ph 

Angles,  Coefficients. 

X       i 

X 

(^hi 

ch 

•-      1 

* 

Psi 

PS 

Angles. 

o    ! 

•» 

Omega 

0  (lon<«5) 

Angular  velocities. 

*  The  small  letter  w  (pi)  Is  universally  employed  to  designate  the  number  of 
times  (^  :i.l4 159265  . . .)  the  diameter  of  a  circle  is  contained  in  the  circum- 
ference, or  the  radius  in  the  -senii  circumference.  In  the  circular  measure  of 
angles,  an  angle  is  designated  by  the  number  of  times  the  radius  of  any  circle  is 
contained  in  an  arc  of  the  same  circle  subtending  that  angle.  ir  thon  stands  for 
an  an|{Ie  of  IHO^^  (=  two  right  angles),  because,  in  any  circle,  ir  X  radius  =  the 
seni  i-circum  ference. 

The  capital  letter  n  (pi\  is  used  by  some  mathematical  writers  to  Indicate  the 
product  obtained  by  multiplying  together  the  numbers  1,  2,  3,  4, 5 . . .  etc.,  up  to 
any  given  point.    Thus,  n  4  =  1  X  2  X  3  X  4  =  24. 

t  The  capital  letter  2  (Hama)  is  used  to  designate  a  gum.  Thus,  in  a  system 
of  parallel  forces,  if  we  call  each  of  the  forces  (irrespective  of  their  amounts)  P, 
then  their  resultant,  which  is  equal  to  the  (algebraic)  sum  of  the  forces,  may  be 
written  R  =  SF.  v   *  /  -— »      / 
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ABITHMETIO. 

FACTTORS  AND  HVIiTIPI^ES. 

(1)  Facd^m  of  any  number,  n,  are  numbers  wboee  product  is  =  ».  Thu^ 
17  and  4  are  factors  of  68 ;  so  also  are  84  and  2 ;  also  17,  2,  and  2. 

(S)  A  prime  namber,  or  prime,  is  a  Dumber  which  has  no  factors, 
except  iti>elf  and  1 ;  as  2,  3,  5, 19,  ^8. 

(3)  A  common  tector,  conamoa  dlviaor  or  eommon  measare, 
of  two  or  more  numbers,  is  a  number  which  exactly  divides  each  of  them.  Thus, 
S  b  a  common  divisor  of  6, 12,  and  18. 

(4)  Tlie  hiflrliest  common  factor  or  crenteiit  common  diwisor, 
of  two  or  more  numbers,  is  called  their  H.  CL  F.  or  their  G.  €.  D.  Thus,  6  is 
the  H.  C.  F.  of  6,  12,  and  18. 

(5)  To  And  tlie  H.  C  F.  of  two  or  more  numbers ;  find  the  prime  factors 
of  each,  and  multlplf  together  those  factors  wiilch  are  common  to  ail,  taking 
each  factor  only  once.    Thus,  required  the  II.  C.  F.  of  78, 126,  and  234. 

78  =  2  X  8  X  13 
126  =  2X3X3X7 
284  =  2X3X8X18 
and  H.  C.  F.  -  2  X  8  -  6. 

(6)  To  And  tbe  H.  €•  F.  of  two  large  numbers;  divide  the  greater  by  the 
len;  then  the  less  by  the  remainder,  A ;  A  by  the  second  remainder,  B;  B  by 
the  third  remainder,  C ;  and  so  on  until  there  is  no  remainder.  The  last  divisor 
Is  the  U.  C.  F.    Thus,  required  the  U.  C  F.  of  675  and  782. 

ff75)782<l 
575 
A  207)075(2 
414 
B  161)207(1 
161 
C  46)161(8 
188 

D  28)46(2       H.  C.  F.  »  D  »  28. 
46 

0 

(7)  A  contmon  maltiple  of  two  or  more  numbers  is  a  number  which  la 
azactly  diyisible  by  esch  of  them. 

(8)  Tlie  lenBt  common  maltiple  of  two  or  more  numbers  is  called 
tbeir  I«.  C.  H. 

(9)  To  find  the  I«.  C  H*  of  two  or  more  numbers ;  find  the  prime  factort 
of  each.  Multiply  the  factors  together,  taking  esch  as  many  times  as  it  is  cou" 
tained  in  that  number  in  which  it  is  ofteoest  repeated.  Thus,  required  the 
L.  a  M.  of  7,  80,  and  48. 

7=»7 

80  =  2X8X5 
48  =  2X2X2X2X8 
L.  C.  M.  =-7X2X2X2X2X8X5  =  1680. 

(10)  To  find  tlie  I«.  d  M.  of  two  large  numbers;  find  the  H.  C.  P.,  as 
above;  and,  by  means  of  it,  find  the  other  factors.  Then  find  the  product  of  the 
&etors,  as  before.    Thus,  required  the  L.  C.  M.  of  575  and  782.    As  above, 

H.CF.  «28;^  =  25;and~  =  84.    Hence^ 

675  =  23  X  25 
782  =  23  X  84 
■ad  L.  CM.  -28X26X84  =  19,560. 

FRACTTIONS. 
(1)  A  common  denominator  of  two  or  more  fractions  is  a  common 
DuHiple  of  their  denominators.  w    ^  .^      *  *  _^«i« 

(S)  The  leaat  common  denominator,  or  I^.  C.  1»^  of  two  or  more 
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(S)  To  redaee  to  m  eonuBon  denominator.   Let 

N  »  the  new  numerator  of  any  fraction 

n  =  ItB  old  numerator 

d  »  ite  old  denominator 

C  »  the  common  denominator 

Tlien  „         G 

N-nj 

Thus,  |-,  1^,  -J.    C  =•  L.  C.  M.  of  denominators  —  24. 

Z  ^     ^  4        a^Xj       18.    6       5X4  ^  20.    7  ^  7_XJ       a 
4  24"'4X6'"24'6"'6X4       24*    8       SXS^W 

*^4 
If  none  of  the  denominators  hare  a  common  factor,  then  C^the  product  of  all  tbi 

Q 

lenominatoiB,  ^  =*  the  product,  P,  of  all  the  other  denominators,  and  N  »  P  u 

Thu8,|,J,f    C-84 

o        2X4X7        66.  1_L>1^^        21.5_5X3_X4        eo 
t        '     84         "  tt*  4  ~         84         '"^T'T"         84  Tt' 

(4)  Addition  and  Snbtraetion.  If  necessary,  reduce  the  fractions  t« 
a  common  denominator,  the  lower  the  better.  Add  or  subtract  the  numeraTors 
Thus, 

i  +  i  =  f  =  i;  f  +  n  1  =  >i  I  +  I  =  H  +  IJ  -  U  =  >  Hi 

?  +  i  =  l  +  i=-v  =  'f 

(5)  Hnltiplieatlon.  Multiply  together  the  numerator;*,  also  the  denomi- 
nators, cancelnug  where  possible.    TbMs. 

i  X  i  =  i;  I  X  *  =  A'  I  X  I  X  f  =  t\-' 

|of|of|.f  J  =  f  xix|X^.  =  |. 

(6)  Division.    Inirert  the  dirisor  and  multiply.    Thus, 

i-J-^xf^f-^ii  -|..i  =  fxt=-f-«i 
«t  *  4  =  ¥  -^  I  =  ¥  X  f  =  f  X  ^  =  -S^  -  .f ;  . 

(7)  A  fraction  is  said  to  be  in  its  loweiit  terma,  or  to  be  «iniplilied« 

when  its  numerator  and  denominator  have  no  common  factor.    Thus, 

|-|  simplified  »  ^. 


(8)  To  reduce  to  loweat  tenna.   Plvida  numerator  and  denominMoc 
bf  UMir  H.  C  F.    Thai,  requirad  the  loweat  tenaa  of  ^ 

H.  C.  F.  of  84and  85-17;  and  |^ -  f*  "*"  ^^     ^ 


^      Dif^ztb^y^(fOgle 


▲BITHMETIG. 


37 


DKCIMAUL 

(•)  Multiplication.     Th«  prodact  has  as  m&ny  dedmal  plaoea  m  tht 

flKton  combined.    Thus,  

Factois:  100  X  8  X  8.5  X  0.004  X  485.21  ^  1953.882000 

Number  of  decimal  places:      0  +  0+1+        8+        2=  6 

(lO)  DlTtoion.  The  number  of  decimal  placea  in  the  quotient »-  thoae  in 
khe  diridend  minus  those  in  the  divisor.    Thus, 

5.125       ,  -^     5      5.00       ,  „ .  8      3.00  _  0.42     _  0.4200 

When  the  dirlaor  ii  a  fraction  or  a  mixed  number,  we  ma^  multiply  both 
divisor  and  di? idend  bf  the  least  power  of  10  which  will  make  the  dlviMr  • 
whole  number.    Thus, 

2.079454       26.794.54 


-^432.17. 

0.0062  62 

(11)  T»  Mdaee  »  wmbiiiob  flrneUon  to  deelmal  form ;  diyidt 
the  numerator  by  the  denominator.    Thus,  |-^  »  0.8 ;  1^  »  |-  =-  1.6. 

IWbio  U   Heeinal  eqalw»lent«  of  oouiibob  fraetloifts. 


i 


Mto 

l«tks 

»is 

G4ths 

gths 

leuis 

S2ds 

64tbfl 

1 

.018625 

83 

.515620 

1 

2 
8 

.03125 
.046875 

17 

34 
35 

.53125 
.546876 

1 

2 

4 
5 

.0625 
.078125 

9 

18 

36 
37 

.6625 
.578125 

6 

7 

.09875 
.109875 

19 

38 
39 

.59375 
.609875 

1 

2 

8 
9 

.125 
.140625 

5 

10 

20 

40 
41 

.625 
.640625 

10 
11 

.15625 
.171875 

21 

42 

48 

.65625 
.671875 

8 

12 
13 

.1875 
.203125 

11 

22 

44 

45 

.6875 
.703125 

14 
15 

.21875 
.234875 

23 

46 
47 

.71875 
.734875 

t 

t 

16 
17 

.25 
.265625 

6 

12 

24 

48 
49 

.75 
.765625 

18 
19 

.28125 
.296875 

25 

50 
51 

.78125 
.796875 

5 

20 
21 

.3126 
.328125 

13 

26 

52 
68 

.8125 
.828125 

22 
23 

.34375 
.859375 

27 

54 
56 

.84375 
.869375 

S 

6 

24 
25 

.375 
.390625 

7 

14 

28 

56 

57 

.875 
.890625 

18 

26 
27 

.40625 
.421875 

29 

58 
69 

.90625 
.921875 

7 

28 
29 

.4875 
.453125 

15 

80 

60 
61 

.9375 
.953125 

30 
31 

.4^875 
.481375 

81 

62 
63 

.96875 
.984375 

4 

8 

82 

.5 

8 

16 

82 

64 

1. 

(IS)  To  rcdace  i»  decimal  nraetlon  to  common  form.    Supply 
the  denominator  (I ),  and  reduce  the  resulting  fraction  to  its  lowest  terms.   Itous. 
A«.        0.25        25         1       n„         75         3.     0090625--®^^^--. 
®*^  "-  1.00  *  l«d  "  4-    ®'^  "  106  "  4'    ®-^^^  "  1000000       64- 
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(13)  Recnrrliiir*  clrcalattny,  or  repMittnir  deeimals  are  those  !■ 
which  oertaia  digits,  or  series  of  digits,  recur  iodefinitely.  Thas,  ^  =  0.3388....a 
and  so  on ;  ^^p-  a  1.428571428571 ,  and  so  on.  Kecurrlog  decimals  maj  be  in- 
dicated thus:  0.3, 1.428571;  or  thus:  0.*3, 1.N2S571. 

RATIO  AITD  PROPOimOX. 

(1)  Ratio.    The  ratio  of  two  quantities,  as  A  and  B,  is  expressed  bj  their 

qaotlent,  ^  or  -.    Thus,  the  ratio  of  10  to  5  is  «-  ^  -«  2;  the  ratio  of  o  to  10 
iS       A  o 

to- A-H»»- 

(2)  Dnpllcate  ratio  Is  the  ratio  of  ths  squares  of  numbers.  Thas,  g-j 
Is  the  duplicate  ratio  of  A  and  B. 

(S)  Proportion  is  equality  of  ratios.  Thus,  ^-  «  ^  -  ^^^^  -  2. 
In  the  figure,  which  represents  segments,  A,  B,  C,  and  D,  between  parallel  lines  \ 
A:B::C.D,.p^  =  -j:. 

(4)  The  first  and  fourth  terms,  A  and  D,  are  called  the  extr«iii«fl,  and  the 
second  and  third,  B  and  C,  are  called  the  meanm  The  first  term,  A  or  C. 
of  each  ratio,  is  called  the  antecedent,  and  the  second  terra,  B  or  D,  is  called 
the  consequent.    I>  is  called  the  fonrtli  proportional  of  A,  B,  and  C 

(5)  In  a  proportion,  A  :  B  =  C  :  D,  we  have: 

Product  of  extremes  =  product  of  means.  A  D  —  B  C. 

Au        *.         A        C     A        B 
Alternation,    ^^^i   ^  -  ^j. 

^.BDBADC  A|  \C 

Inversion,    i  -  c'    D  "  C'    B  "  A' 

^           .,.         A  +  B       C+DA  +  B        C+D  .  ^^ 

Composition.    —^  -  -^-  ;    -g ^,       BJ  \D 

-..  ,.         A  —  B       C  —  D     A  —  B       C  —  D 
Division.    -^^  -  ~^^i    -g-  -  -j^-. 

Composition  and  division,    -i-^i^  =■  /,  __  .y 

We  have,  also : 
mA  ^  A  ^  C  ^  t»_A  _^  n_C.    «L^  ^  !!Li:.    ^  _  ^.    "/a  ^  *|/C 
•»"B"'B'^l>^nB"'»D*    nB    ^«D'    b*"d"*    *«/b'"*V^D 

(6)  If,  in  the  proportion,  A  :  B  =  C  :  D,  we  have  B  =  C  » fp,  then  A  :  m  m 

«  :  D,  or  -  =  -  or  m  •  ■-  A  D,  or  m  =  |/ A  dI 
in        D 

(7)  In  such  cises,  m  is  called  the  ntean  proportional  between  A  and  D^ 
«iid  D  is  called  the  tbird  proportional  of  A  and  m. 

A  continued  pro|K»rtlon  is  a  series  of  equal  ratios,  as 

A:B  =  C:D-E:F,etc.  =  R;   or  ^  *•  ^  *•  ^.  «*«•  -  ^ 
In  continued  proportion, 

A  -f-  C  -f-  E  +  etc.       A^C       E 

B  +  D  +  F  +  etc.  ""  B       D  "  F 

..     A       C       A'       C       A"       C".     ..    ^    A  A' A"       C  C JF 

"     b"d'     B'°"iy*     B"  ^  IV"  B  B'B*'*  DIVD*  ' 

(S)  Let  A,  B,  and  C  be  any  three  numbers.    Then 

A       A    B      ^A       A    C 

c  "bc'*"*b^c-b- 

11    - 

•  0.^,  L*428571,  etc.,  standing  for  0.33S8....,  1.428571428571 etc 
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(9)  Keciprocal  or  iBTonm  proporttoa.  Two  qaantltleB  are  nid 
lo  be  rtc^ncaUy  or  intenely  proportional,  when  the  ratio  5  of  two  values,  A 

and  B,  of  the  one,  is  —  the  reciprocal,  j-„  of  the  ratio  of  the  two  oorrespondlng 
Talttea  of  the  other.  Thoa,  let  A  »  a  velocity  of  2  milea  per  hour,  and  B  »  S 
miles  per  hour.    Then  the  howa  requiredper  mile  are  respectivelj,  A'  »  -r  :»  4^ 

•»'»»'-S-i-    Her.A  =  B-B'  =  A'.«r|-|.or|  =  |-!-J  +  ^ 

(10)  If  two  Tariable  numbers,  A  and  B,  are  reciprocally  proportional,  so  that 
A'  :  Br  =  B"  :  A",  the  product.  A'  A",  of  any  two  Taluee  of  one  of  the  nuiubera 
Is  equal  to  the  product,  B'  W  of  the  two  corresponding  values  of  the  other. 

(11)  The  application  of  proportion  to  practical  problema  is  sometimes  called 
the  mie  of  three.  Thus :  iilngle  rale  of  three x  If  3  men  lay  10,000 
bricks  in  a  certain  time,  how  many  could  6  men  lay  in  the  same  time? 

As  3  men  are  to  6  men,  so  are  10,000  bricks  to  20,000  bricks;  or,  10,000 
bricks  X  f  =  20,000  brick& 

If  3  men  require  10  hours  to  lay  a  certain  number  of  bricks,  how  many  houn 
would  6  men  require  to  lay  the  same  n umber T 

As 6  men  are  to  8  men,  so  are  10 hours  to  6  hours;  or,  10  hours  x  j-  —  0  hoars. 

(12)  Doable  rale  of  three. 

If  3  men  can  lay  4,000  bricks  In  2  days,  how  many  men  can  lay  12,000  bricks 
iD  3  days?    Here 4,000  bricks  required  men  2  days,  or  6  man-days,  and  12,000 

bricks  will  require  6  X  ^^^  «  6  X  3  »  18  man-days;  and,  as  the  work  is  to  b« 
4k>De  in  8  days,  -1^  b  6  men  will  be  required. 

PBOCIBESSIOir. 

(1)  Arflthmetleal  Progrreaslon.  A  series  of  numbers  Is  said  to  be  in 
arithmetical  progreosion  when  each  number  differs  from  the  preceding  one  by 
the  same  amount.  Thus,  —2,  —1,  0, 1, 2, 3, 4,  etc.,  where  difference  =  1 ;  or  4,  8, 
2, 1,  0,  ~1,  —2,  etc.  where  difference  =3  —1 :  or  —4,  —2,  0,  2,  4.  6,  8, 10,  where 
diiference  =  2 ;  or  1X>  1J4, 1.  %,  H.  %*  0,  — ^,  —3^,  etc,  where  difference  —  —%, 

(2)  In  any  such  series  the  nnmlters  are  called  terms.  Let  a  be  the  first  term, 
/  the  1ai«t  term,  d  the  common  difTerenoe,  n  the  number  of  terms,  and  t  the  sum 
of  the  terms.    Then 

Required       Given 

I  adn  /-a  +  (n  — 1)<I 


i 


I  ad»  /-  — |rf±l/2dj  +  (o-^d)t 

s  adn  j=i^n  [2a  +  (»— 1)<<] 

a  dlt  a-^rf±i/(/  +  ^d)«  — 2dj 

n  a  d  9 


d— 2a  j:|^(2a  — d)«  +8dj 
2d 


dls  n ^ . 


(S)  taeonsetrleol  Profrrensiou.  A  series  of  numbers  Is  said  to  be  la 
geometrical  progression  when  each  number  stands  to  the  preceding  one  in  the 
same  rmtia  Thus:  ^,  -J^,  1,  3,  9,  27,  81,  etc,  where  ratio  =  8;  or  48, 24, 12, 6, 
1. 1  J,  A,  |.  etc,  where  ratio  -  ^;  or  |^,  l^^.  3|.  ft|.  18j,  27,  etc,  where 

^'^  "*•  Digitized  by  LaOOgle 
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(4)  Let  a  be  the  first  term,  I  the  last  term,  r  th«  ooostsnt  »tlO|ii  th« 

of  terms,  and  s  the  sum  of  the  terms.    Then  : 


) 


luired 

Given 

/ 

ar  n 

l^ar^^* 

1 

art 

^_o  +  (r-  1)* 

r 

1 

rnt 

r*— 1 

« 

anl 

4 

ml 

/r*-; 

"r'^-r-^ 

r 

anl 

r-^l'^/H-a 

PEBMUTATION,  Ete. 

(1)  Permatetlon  shows  in  how  many  positions  anr  nnmber  of  things  mm 
be  arranged  in  a  row.  To  do  this,  multiply  together  ali  the  numbers  used  la 
eounting  the  things.  Thus,  in  how  many  posiiious  iu  a  row  can  9  things  bo 
pfaoed?    Here, 

1X2X3X4X5X6X7X8X9  =  862880  positions.    Ans. 

(9)  Comblnailon  shows  how  many  combinations  of  a  few  things  can  bo 
made  out  of  a  greater  number  of  tilings.  To  do  this,  first  set  down  that  numlier 
which  indicates  the  greater  number  o?  things ;  and  afier  il  a  series  of  numl>ers, 
diminishing  by  1,  until  there  are  tu  all  &%  many  as  the  numl>er  of  the  few  things 
that  are  to  form  each  combination.  Then  Iw^inning  under  the  la^t  one,  set  down 
said  nnmber  of  few  things  j  and  going  bsclcward,  set  down  another  series,  also 
diminishing  by  1,  until  arriring  under  the  first  of  the  upper  numbers.  Multiply 
together  ail  the  upper  numbers  to  form  one  product;  and  all  the  lower  ones  to 
form  another.    Divide  the  upper  product  by  the  lower  one. 

Ex.  How  many  combinations  of  4  figures  each,  can  be  made  from  the  9  figureo 
1,  2,  8,  4,  5,  6,  7,  8,  9,  or  from  9  any  things? 

(S)  AUIf^tlon  sliows  the  vahie  of  a  mixture  of  diflTerent  ingredients, when 
the  quantity  and  value  of  each  of  these  last  is  known. 

Ex.  What  Is  the  yalne  of  a  pound  of  a  mixture  of  20  lbs  of  sugar  worth  15  oil 
per  lb ;  with  80  lbs  worth  25  cts  per  lb? 
Iba.    cts.     cts. 

20  X  15  =  300  -«       -       1060      ^^    , 

30X26  =  750  Therefore, -g^- =- 21  cts.    Ans. 

60  lbs.       1050  cts. 

PERCENTAGE,  UTTEBEST,  AAUVIJITIES. 
P«re«ntsise« 

(1)  Batio  i9  often  expressed  by  means  of  the  word  "per"  Thns,  we  speak  of 
a  grade  of  105.6  feet  per  mile,  ».  e.,  per  5280  feet.  When  the  two  numbers  in  the 
ratio  refer  to  quantities  of  the  same  kind  and  denomination,  the  ratio  is  often 
expressed  as  a  peroen/age  (perAundredage).    Thus,  a  grade  of  105.6  feet  per  mile, 

^  Equations  inYoWing  powers  and  roots  are  conveniently  solved  by  means  of 

^^^"^"^  Digitized  by  L^OOgle 
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or  per  6280  tett,  ii  eqniTalent  to  «  grade  of  0.02  foot  per  foot,*  or  2  Cset  per  100 
feet, .or  aiinply  (since  both  dimensions  are  in  feet)  2  per  100,  or  2  per  "cent." 

(2)  One-fiftieth,  or  1  per  50,  ia  plainly  equal  to  two  handredtba,  or  2  per  Aun- 
dred,  or  3  per  eaU.  Similarly  ^  =  26  per  oeot,  ^  »»  8  X  26  per  cent  ==  76  per 
cent.,  ete.  Henoe,  to  reduce  a  ratio  to  the  form  of  perceotage,  diride  100  times* 
the  fint  term  by  the  second.  Thua,  in  a  concrete  of  1  part  oement  to  2  of  sand 
and  6  of  broken  stoue,  there  are  8  parts  in  all,  and  we  have,  by  weight— f 

Cement  =  \  =  <^-126  ~   12.5  per  cent  of  the  whole. 

Sand       =  I  =  0.260  =    25.0      " 

Stone      =|  =  a625=    e2w6      '*  "  r 

Concrete  =  f  -  1000  =  100.0      "  *« 

(S)  Percentage  ia  of  very  wide  application  in  money  mattera,  payment  for 
serrloe  in  such  matters  being  often  based  upon  the  amount  of  money  inyoWed. 
Thua.  a  purchasing  or  selling  agent  may  be  paid  a  brokerage  or  commission 
which  forms  a  certain  pereeotage  of  the  money  value  of  the  goods  bought  or 
sold  ;  the  premium  paid  for  insurance  is  a  percentage  upon  the  value  of  the  goods 
insured ;  etc: 


{ 


tanas 


J 4)  Interest  ia  hire  or  rental  paid  for  the  loan  of  money.  The  aum  loaned  la 
led  the  prlnelMl,  and  the  number  of  centa  paid  annually  for  the  loan  of 
each  dollar,  or  of  dolbtrs  per  hundred  dollars,  ia  called  the  rate  of  interest. 
The  rate  is  always  suted  as  a  percentage.. 

(5}  If  the  interest  is  paid  to  the  lender  as  it  accrues,  the  money  is  said  to  be 
at  auiple  interest;  but  if  the  interest  is  periodically  added  to  the  princi- 

e,  so  that  it  alao  earns  interest*  the  money  is  said  to  be    *  "■ 

terestt  and  the  interest  is  said  to  be  compounded. 

Simple  Interest. 

(•)  At  the  end  of  a  year,  the  interest  on  the  principal.  P,  at  the  rate,  r,  ia  » 
P  r,  and  the  nmonnty  A,  or  sum  of  principal  and  interest,  ia 
A-P  +  Pr-P(l  +  r). 
;  At  the  end  of  a  number, »,  of  years,  the  interest  ia  «■  P  r  n  (see  righU 
Isldeof  Fig.l),ana 

A  «  P  +  P  rn  -  P  (1  +  rn). 
Thus,  let  P  «  S865.32,  r  =  8  per  cent.,  or  0.08, »  =- 1  year,  8  months  and  10 
days  »  1  year  and  100  days  «  llM  years  »  1.274  years.   Then  A—  P  (1  +  r») 
-  1865.82  X  (1  +  0.08  X  1.274)  »  SM6.82  X  1.08822  «  f896.8». 

(8)  For  the  present  worth,  prlnelpnl,  or  c»pltaIlsntlon»  P,  of 
the  amount.  A,  we  have 

p«  — ^ — 
1  +  r» 

Thua,  for  the  aum,  P,  which,  in  1  year,  8  montha,  10  days,  at  8  per  cent, 

aimple  interest,  will  amount  to  I8M.80,  we  have  P  —  t  4.0^x1274  "  *^^'^ 

(9)  In  oommercial  business,  interest  is  commonly  enleolateA  approxl- 
^mteljr  by  taking  the  year  as  consisting  of  12  months  of  80  days  each.  Then, 
at  6  per  cent.,  the  interest  for  2  months,  or  00  days,  »  1  per  cent.;  1  month,  or  80 
days,  «  ^  per  cent;  6  days  »  0.1  per  cent.  Thus,  required  the  interest  on 
$1264.85  for  5  months,  28  days,  at  6  per  cent. 

•A  fraction^  as  -J-,-^i  etc,  or  iU  decimal  equiraleni,  as  0.126,  0.3125,  etc, 
is  compared  with  unUy  or  an^;  but  in  percentage  the  first  terra  of  the  ratio  is 
compared  with  one  hmmdred  units  of  the  second  term.  Mistakes  often  occur 
through  neglect  of  this  dirtinction.  Thus,  a06  (six  per  cent  or  six  per  hundred) 
Is  sometimes  mia-read  six  one-hundredtha  of  one  per  cent,  or  six  one-htt» 
iredtha  per  cent. 

fFor  proportions  by  volume,  see  pp  935  and  948. 
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Principal .41264.85 

Interest,  2 mo8,  1  percent 12.64 

2moB,  1       "      12.64 

"        1  mo,     I       "      6.82 

"      20  days,  {       «'      4.21 

"        6  days,  0.1     "      1.26 

«*        2  days,  A      « 0.42 

Interest  at  6  per  cent „    637.49 

Deduct  one^fxth ^6.25 

Interest  at  6  per  cent f8f.24 

Eqnatlon  of  Pajrmento. 

(10)  A  owes  B  $1200;  of  which  $400  are  to  be  paid  in  8  months;  $600  in  4 
months;  and  $S00  in  6  months;  all  bearing  interest  until  paid;  but  it  has  been 
agreed  to  pay  all  at  once.  Now,  at  what  time  must  this  payment  be  made  so  that 
Mither  party  shall  lose  any  interest? 

$      months. 

MO    X    4   =    MOO        Ayerage  time -?^-4Ji  months.    Ana. 
JOO    X    6    =    1800  '^ 

1200  6000 

Compoand  Interest. 

(11)  Interest  is  usually  compounded  annually,  semi-annually,  or  quarterly. 
If  it  is  compounded  annually,  then  (see  left  side  of  Fig.  1) 

at  the  end  of  1  year    A  =  P  (1  +  r) 
"  "     2  years  A  =  P  (1  +  r)  (1  +  r)  =  P  (1  +  r)t 

••  "     nyears  A-P(l+r)»;  and 

^-(T:r;^n-A(i+r)- 

P  -  (1  +  r)* 
(19)  If  the  interest  is  compounded  q  times  per  year,  we  hare 

(IS)  The  principal,  P,  is  sometimes  called  the  present  wortli  or  present 

walue  of  the  amount,  A.    Ihus,  in  the  following  ubie,  $1.00  is  the  present 
worth  of  $2,191  due  iu  20  years  at  4  per  cent,  compound  luterest,  etc.  etc. 


1 

(I 

+  « 

^ 

^ 

f 

f 

^ 

^ 
J 

2 

^ 

• 

J 

. 

Fl«.l« 


d  by  Google 
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VmMie  S.   <?*nipoaBd  Interest. 

Amount  of  |1  at  Compound  Interest. 


/    . 

s>^ 

4 

^ 

ft 

6M 

6 

TiBUXL 

/     per 

per 

per 

per 

per 

per 

per 

/    ceat. 

centk 

cent. 

oent 

cent 

oent 

cent. 

c 

1.030 

1.035 

1.040 

1.045 

l.OSO 

1.066 

1.060 

1.061 

1.071 

1.082 

1.092 

1.103 

1.118 

1.124 

1.008 

1.109 

1.125 

1.141 

1.158 

1.174 

1.191 

1.126 

1.148 

1.170 

1.193 

1.216 

1.239 

1.262 

1.1«> 

1,188 

1.217 

1.246 

1.276 

1.807 

1.838 

1.194 

1.229 

1.265 

1.802 

1.840 

1.879 

1.419 

1.230 

1.272 

1.316 

1.361 

1.407 

1.455 

1.604 

1.267 

1.817 

1.869 

1.422 

1.477 

1.535 

1.694 

1.305 

1.863 

1.423 

1.486 

1.551 

1.619 

1.688 

!• 

1.344 

1.411 

1.480 

1.553 

1.629 

1.708 

1.791 

11 
IS 
U 
U 
U 

1.384 

1.460 

1.539 

1.623 

1.710 

1.802 

1.898 

1.426 

1.511 

1.601 

1.696 

1.796 

1.901 

2.012 

1.469 

1.564 

1.665 

1.772 

1.886 

2.006 

2.133 

1.513 

1.619 

1.782 

1.852 

1.980 

2.116 

2.261 

1.558 

1-675 

1.801 

1.985 

2.079 

2.232 

2.397 

16 
17 
IS 
19 
SO 

1.605 

1.734 

1.878 

2022 

2.183 

2.855 

2.540 

1.653 

1.795 

1.948 

2.113 

2.292 

2.485 

2.693 

1.703* 

1.858 

2.026 

2.208 

2.407 

2.621 

2.854 

1.754 

1.923 

2.107 

2.308 

2.527 

2.766 

3.026 

1.806 

1.990 

2.191 

2.412 

2.663 

2.918 

8.207 

fll 

» 

1.860 

2.059 

2279 

2.520 

2.786 

8.078 

8.400 

1  916 

2.132 

2.370 

2.634 

2.925 

8.248 

8.604 

1-974 

2.206 

2.485 

2.752 

3.072 

8.426 

8.820 

2.033 

2.283 

2.563 

2.876 

8.225 

8.615 

4.049 

2.094 

2.363 

2.666 

8.005 

8.386 

3.818 

4.292 

II 

2.157 
2.221 

2-446 

2772 

8.141 

8.556 

4.023 

4.549 

2.532 

2.883 

8.282 

8.733 

4.244 

4.822 

2*288 

2.620 

2.999 

8.430 

3.920 

4.478 

6.112 

2  357 

2.712 

aii9 

8.584 

4.116 

4.724 

6.418 

2l427 

2.807 

3.243 

3.745 

4.822 

4.984 

6.743 

SI 

S2 

ss 

S4 
SS 

2  snO 

2.905 

3.878 

8.914 

4.588 

6.258 

6068 

7  575 

8.007 

3.508 

4.090 

4.-65 

6.647 

6.453 

2  652 

8.112 

3.648 

4.274 

6.008 

6.852 

6.841 

2I732 

8.221 

8.794 

4.466 

6.253 

6.174 

7.261 

\    2.814 

8.334 

8.946 

4.667 

6.516 

6.614 

7.686 

ss 
ft? 

S8 
49 

1    2  898 

&4dO 

4.104 

4.877 

6.792 

6.872 

8.147 

\    2.985 

8.671 

4.268 

5.007 

6.081 

7.250 

8.636 

IC 

\    8.075 

8.696 

4.439 

5.326 

6.885 

7.649 

9.164 

\    8.167 

8.825 

4.616 

6.566 

6.705 

8.069 

9.704 

11 

\    8.262 

3.959 

4801 

5.816 

7.040 

8.618 

10.286 

12 

Gompoand  interest  on  M  dollars,  at  anj  rate  r  for  n  years  »  M  X  comp 
tntere£oii 81  at  MUie rate, r,  and  for n years. 

Xuwuity,  Slnklnir  Fand,  AmortiBatlon,  Bcpreclatloii 

t\A)  TJnder  "Interest'*  we  deal  with  cases  where  a  certain  sum  or  ** 
^pal,*^  P,  paid  ODce  for  all,  is  allowed  to  accumulate  either  simple  or  coror 
interest  ;  but  in  many  eases  equal  periodical  payments  or  appropriations,  < 
-i  allowed  to  accumulate,  each  earning  its  cin  Interest,  ui 


amnnltlea,  are  1 

upoand. 
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ABITHMEnC, 


) 


(15)  Tbas,  a  ram  of  moiMT  is  set  aside  annually  to  accumalate  oompoand 
Interest  and  thus  form  a  slnkinur  ftin^l*  In  order  to  extinguish  a  debt  In 
this  waj,  the  cost  of  engineering  works  is  flrequently  paid  virtually  in  iustal- 
mentiL    This  process  is  called  amoriUwdon. 

(16)  In  estimating  the  operating  expenses  of  engineering  works,  an  allowanoe 
is  made  for  depreciation.  In  calculating  this  allowance,  we  estimate  or 
assume  the  life-time,  n,  of  the  plant,  and  find  that  annaitj,  p,  which,  at  an 
assumed  rate,  r,  of  compound  interest,  will,  in  the  time  n,  amount  to  the  cost  of 
the  plant,  and  thus  proride  a  fund  bj  means  of  which  the  plant  may  be  replaced 
when  worn  out  or  superseded. 

(17)  The  present  wortli,  present  walne,  or  capltnllaatlon,  W. 
Fig.  2,  of  an  annuity,  j9,  fur  a  given  number,  n,  of  years,  is  that  sum  which,  if 
now  placed  at  compound  interest  at  the  assumed  rate,  r,  will,  at  the  end  of  thmt 
time,  reach  the  same  amount,  A,  as  will  be  reached  by  that  annuity. 


ng.u 


3  d    S   O 

years 

Wig.  9. 


(18)  Eonatlons  for  €onipoand  Interest  and  Annuities.    (See 
Figs,  laud  2.) 

P  =  principal ;    r  »  rste  of  interest ;    n  ==  number  of  years ; 
A  =  amount ;      p  =  annuity ;  W  =»  present  worth. 

The  interest  is  supposed  to  be  compounded,  and  the  annuities  to  be  set  aside^ 
at  the  end  of  each  year. 

CfkUipoand  Interest. 

(1)  The  amoont.  A,  of  Si,  at  the  end  of  n  years,  see  (11),  is  A  —  (1  +  r)\ 

(2)  Since  the  present  worth  of  (1  +  r)*  due  In  n  years,  ts  $1,  see  (1),  it 
"■ nt  worthy  Wy  of  $1,  due  in  1 


follows,  by  proportion,  that  the  present 


IsW-- 


n  years, 


:  -  (1  +  r)' 


(1  +  r)" 

Annuities. 

(3)  In  n  years,  an  annuity  of  $r  will  amount  to  (1  +  r)*  —  1.*    Hanoe,  Um 
amount.  A,  of  an  annuity  of  $1,  at  the  end  of  n  yepjrs,  is 


*In  the  case  of  compound  interest  on  SI,  the  rate,  r,  may  be  regarded  ss  ao 
annuity,  earning  its  interest;  and,  at  the  end  of  n  years,  the  amount  of  the 
seToral  annuities  (escb  »  the  anoaal  interest,  r,  on  the  SI  principal)  with  the 
interests  earned  l^  them,  is  —  the  amount,  (1  +  r)**,  of  SI  in  n  years  st  nite,  r, 
minus  the  Si  principal  itself;  or,  amount  of  wnuity  g- y^-i^^-^gl^ 
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(4)  For  th«  piromemt  wortk,  W,  of  aa 

we  hsre,  from  EqoationB  (1)  and  (3) : 


of  $1  for  »  jBtan, 


r  (1  +  r)  *  r  '^ 

See  Table  a. 

(5)  Tlie  anaaity  for  n  years,  which  %l  will  purchase,  is 


1— - 


(1+r)* 
(6)  l^e  mmmuitj  which,  in  n  yeara,  will  amount  to  fl,  is 


See  Table  4. 


rf 


1 


(l+r)»-l 


(1  +  r)  • 

VMI»le  S.    PKMMi  Tfldae  of  Ananlty  of  $1000.   See  Eqaatlon  (4). 
Kate  of  Interest  (Compound). 


2^ 

t 

m 

4 

^ 

6 

6H 

« 

Teora. 

per 

per 

per 

per 

per 

per 

per 

per 

cent 

cent. 

oenL 

cent. 

cent. 

cent. 

cent. 

cent. 

6 

JS!! 

*»Sf 

4,515 

4,452 

4,890 

4,829 

4,268 

4,212 

10 

8,782 

8,580 

8,816 

8,111 

7,918 

7,722 

7,688 

7,860 

U 

12^1 

11,938 

11,517 

11,118 

10,740 

10,380 

10,037 

9.712 

» 

15,589 

14,877 

14,212 

13,690 

18,008 

12.462 

11,950 

11,470 

» 

18,424 

17,418 

16,482 

15,622 

14,828 

14,094 

18,414 

12,788 

ao 

20,930 

19.600 

18,392 

17.292 

16,289 

15.872 

14,534 

13,766 

S5 

23,145 

21,487 

20.000 

18,664 

17,461 

16,874 

15,891 

14,498 

40 

M,108 

23,115 

21,855 

19,798 

18,401 

17,159 

16.046 

16,046 

45 

26,883 

24,519 

22,495 

20,720 

19,156 

17,774 

16,548 

16,456 

60 

28.382 

25,780 

23,456 

21.482 

19,762 

18,2o6 

16,982 

15,762 

100 

86.614 

81,599 

27,656 

24.506 

21,960 

19,848 

18,096 

16,618 

(lO)  In  comparing  the  merits  of  proposed  systems  of  ImproTement,  it  it 
usual  to  add,  to  the  operating  expenses  and  to  the  cost  of  ordinary  repairs  and 
nudntenance.  (1)  the  interest  on  the  cost,  (2)  an  allowance  for  depreciation,  and 
BometimeB  (8)  an  annuity  to  form  a  sinking  fund  for  the  extinction  of  the  debt 
incurred  by  constnictioo.  The  cap! talication  of  the  total  annual  expense,  thus 
obtained,  is  then  regarded  as  the  true  first  cost  of  the  construction.  Ail  the 
eieBents  of  ooat  are  thus  reduced  to  a  common  basis,  and  thesereral  propoeitions 
become  properly  comparable. 

(SO)  Thus,  in  estimatin|,  in  1899,t  the  cost  of  Improving  the  water  supply  of 
Philadelphia,  the  rate,  r,of  interest  was  assumed  at  3  per  cent,  and  depreciation 
was  assumed  as  below.  Under  "Life"  is  giren  the  assumed  life-time  of  each 
class  of  structure  or  apparatus,  and  under  "  Annuity  "  the  sum  which  must  be 
set  sside  annualW  in  order  to  replace,  at  the  expiration  of  that  life,  11,000  of  the 
corresponding  yalue. 


Present  worth     Annuity 
♦Because,   W  :     fl.OO 

Equation  (4) 


Present  worth 
81.00 
Equation  (6) 


Annuity  i 

p.     Hence,  j>  -  ^ 


Annuity     Amount       Annuity  Amount 

(1   +  r)  *  —  1  : :  |/  :  81.00.    Hence,i/  - 
Ekiuatlon  (8)  Equation  (6) 


ll  +  r)»-l 

{Beport  by  Budolph  Bering,  Samuel  M.  Gray,  and  jFoMpl^  H.  WiOon. 


46 


▲BITHMETIO. 


SmrcnTBBS,  Apparatus,  btc.  LifKi 

in  years 

Masonry  conduits,  filter  beds,  reseryoirs Indefinite 

Permanent  buildings 100 

Cast  iron  pipe,  railroad  Mide-tracks 80 

Steel  pipe,  valves,  blow-offs,  and  gates 35 

Engines  and  pumps ^ 80 

BoilerH,  electric  light  plants,  tramways  and  equipment. 


iron  fences.  

Telephone  lines,  sand-washer,  and  regulating  apparatus. 


AmnriTf 
9 

0.0O 

1.65 

8.11 

16.64 

21.02 

87.22 

87.24 


(21)  Calcalated  upon  this  basis,  two  projects,  each  designed  to  Aimlsh  450 
million  gallons  per  day,  compared  as  follows : 


UZTFILTSRED  WaTKR,  BY  AQUEDUCT. 

First  Oust. 

storage  reservoirs. 930,900,000 

Aqueducts 47,730,000 

Distribution  3,555,000 

Distributing  reservoir 1,000,000 

Totel    983,185,000 


Anmial. 
Interest  on  988,185,000....«. 

Depreciation 

OpercUion  and  Maintenance, 
Analyses  and  inspec- 
tion   $41,620 

Ordinary  repairs 49,150 

Pumping  and  wages  140,770 


82,495,550 
198,640 


281,540 


RiVKR  Water,  takbn  within  Citt 
Limits  and  Filtered. 


First  Cost. 


Filter  plants . 
Mains  .......... 


.....  $23,174,680 
—    10,980,000 


Total $34,154,680 

AnnuaL 
Interest  on  $34,154,680........   $1,024,640 

DepreciaUon 205,540 

C^ero/Am  and  Maintenance, 

Pumping  .............$1,216,021 

Filtration... 525.600 


1,741,621 

§2,925,730  $2,971,801 

It  will  be  noticed  that,  although  the  first  cost  of  the  filtration  project  was  much 
less  than  half  that  of  the  aqueduct  project,  ilN  large  proportion  of  perishable 
parts  made  its  charge  for  depreciation  somewhat  greater,  while  its  cost  for  oper- 
ation and  maintenance  was  more  than  seven  times  as  great,  and  its  total  annual 
charge  a  little  greater. 

Table  4.    Annuity  ri^inlred  to  redeem  $1000.    See  Equation  (6). 


Rate  of  Interest  (Compound). 


1 

2 

2K 

8 

8K 

4 

5 

6 

Years. 

per 

per 

per 

per 

per 

per 

per 

per 

cent« 

cent. 

cent. 

cent 

cent. 

cent. 

cent 

cent* 

ft 

196.04 

192.16 

190.24 

188  36 

186.49 

184.68 

180.98 

177.80 

10 

95.58 

91.33 

89.25 

87.23 

85.24 

83.29 

79.60 

76.87 

16 

62.12 

67.83 

55.77 

&J.77 

61.82 

49.94 

46.34 

42.96 

20 

45.42 

41.16 

39.14 

87.22 

35.36 

33.58 

80.24 

27.18 

85 

35.41 

31.22 

29.27 

27.43 

25.67 

24.01 

20.96 

18.23 

to 

28.75 

24.65 

22.78 

21.02 

19.37 

17.88 

15.05 

12.66 

t6 

2100 

20.00 

18.20 

16.54 

15.00 

13.58 

11.07 

8,97 

40 

20.46 

16.55 

14.84 

13.26 

11.83 

10.52 

8.28 

6.46 

45 

17.71 

13.91 

12.27 

10.79 

9.46 

8.26 

6.26 

4.70 

50 

15.51 

11.82 

10.26 

8.87 

7.63 

6.55 

4.78 

8.44 

00 

12.24 

8.77 

7.35 

6.13 

5.09 

4.20 

2.88 

L88 

70 

9.93 

6  67 

5.40 

4.84 

8.46 

2.74 

1.70 

1.0S 

80 

8.22 

5.16 

4.03 

8.11 

2.88 

1.81 

1.03 

asTs 

00 

6.91 

4.05 

8.04 

2.26 

1.66 

1.21 

0.627 

a818 

too 

6.87 

8.20 

2.31 

1.69 

1.16 

0.808 

0.388 

am 
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BVODBITAI.  OB  BVOBEITABT  ITOTATIOir.* 

(1)  In  the  Arabic  Bystem  of  Dotation  10  is  taken  as  the  base,  but  in  duodenal 
notation  12,  or  ** a  doaen,"  la  the  base.  While  10  ia  dlviaible  onW  hj5.  and  (onos 
only)  by  2, 12  is  diTisible  twice  by  2,  and  ouoe  by  8,  by  4,  and  by  6.  This  acoooDta 
for  the  popularity  of  the  dozen  as  a  basis  of  enumeration ;  of  weights,  as  io  the 
Troy  pound  of  12  ounces ;  of  measures,  as  in  the  foot  of  12  inches :  the  Tear  of  12 
months,  and  the  half  day  of  12  hours ;  and  of  coinage,  as  in  the  British  aldliing 
of  12  pence. 

(S)  The  dnodenal  notation  uses  the  dozen  (12),  the  gross  (12>  =  144),  and  the 
great  gross  (1^  =  12  gross  »  1728),  as  the  decimal  srstem  uses  the  ten  (10),  the 
hundred  (lO^'  =  100) ,  and  the  thousand  (10>  =  10  hundred  =  1000).  Two  arbitrary 
single  characters,  such  as  T  and  £,  represent  ten  and  eleven  respectively ;  the 
symbol  10  represents  a  dozen ;  11  represents  thirteen,  and  so  on.  Thus,  the  nnm* 
•raU  of  the  two  systems  compare  as  follows : 

Decimal  123456789  10  1112  13  14...20  212223242S8848W 
Duodenal  1  2  3  4  5  6  7  8  9  T  E  10  11  12  ...  18  19  IT  1B20  21  80  40  SO 
Decimal  72  84  96  99  100  108  109  110  111  112  113  117  118  119  120  121  128 
Duodenal  60  70  80  83  84  90  91  92  93  94  95  99  9T  9E:  TO  Tl  T2 
Decimal  129  130  131  132  138  138  140  141  142  143  144  288  1728  20736  eta 
Duodenal  1^  TT  T£  EO  £1  £6  E8  E9  ET  EB  100  200  1000  10000  ete. 

(S)  l^oodedmalfl.  Areas  of  rectangular  figures,  the  sides  of  which  art 
expressed  in  feet  and  inches,  are  still  sometimes  found  by  a  method  called 
*'  Duodecimals,"  in  which  the  products  are  In  square  feet,  in  twelfths  of  a  square 
foot  (each  equal  to  12  square  inches)  and  in  square  inches ;  but,  by  means  or  our 
Uble  of  "  Inchea,  reduced  to  decimals  of  a  foot,"  page  221.  the  sides  may  be  taken 
in  feet  and  decimals  of  a  foot,  and  the  multiplication  thus  more  oonyenientlT 
performed,  after  which  the  decimal  fraction  of  a  foot  in  the  product  may,  U 
desired,  be  converted  into  square  inches  by  multiplying  by  144. 

*Sm  ElemaaU  of  Mechanics,  by  the  lat«  John  W.  Nyitmiii 
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RECIPKOCALS  OF  NUMBERS. 


Table  of  Recfi»roe»ls  of  IVambera.   See  p.  82. 


No. 

Beeiprooal. 

No. 

Redproeal. 

Na 

Beciprocal. 

No. 

Beei|iroG«L 

1 

1.000000000 

56 

.017857148 

111 

.009009009 

166 

.006024095 

2  1  O^fiOOUOOOOO 

57 

.017543860 

112 

.008928571 

167 

.005968024 

8 

.333333333 

58 

.017241379 

113 

.00»M9558 

168 

.005952381 

4 

.2&0(XX)000 

59 

.016949153 

114 

.0087719;«) 

169 

.005917160 

5 

.200000000 

60 

.016666667 

115 

.008695652 

170 

.005882853 

6 

.lao666667 

61 

.016393^43 

116  i  .008620690 

171 

.005847958 

7 

1  .142857143 

62 

.016129032 

117  I  .008517009 

172 

.005813953 

8 

,  .125000000 

63 

.015873016 

118 

.008474576 

178 

.005780347 

9 

1  .111111111 

64 

.0156-25000 

119 

.0084«»61 

174 

.005747126 

10 

1  .100000000 

1 

66 

.015384615 

120 

.008333333 

175 

.005714-286 

11 

:  .090909091 

66 

.015151515 

121 

.008264463 

176 

.006681818 

12 

1  .08333:a33 

67 

.014925373 

122 

.008196T21 

177 

.006649716 

IS 

.076923077 

68 

.014705882 

123 

.008130081 

178 

.006617978 

14 

■Q714tg571 

69 

.014492754 

124 

.008064516 

179 

iW6586592 

16 

•066666667 

70 

.014285714 

125 

.008000000 

180 

J0055555S6 

16 

.062500000 

71 

.014084507 

126 

.007936508 

181 

.006524862 

17 

.058828529 

72  ;  .018888889 

127 

.007874016 

182 

.005494505 

1h 

.055555556 

73  .0136986:» 

128 

.007812500 

183 

.005464481 

19 

.052681579 

74  '  .01351X514 

129 

.007751988 

184 

.005434788 

20 

.050000000 

75 

.013333333 

130 

.007692806 

185 

.005405406 

21 

.047619048 

76 

.018157895 

181 

.007688588 

186 

.006876844 

J00^79e4 

22 

.045454545 

77  *  J012987018 

182 

.007575758 

187 

28 

.043478261 

78 

.012820513 

WS  '  .007518797 

188 

J005S19U9 

24 

.011666667 

79 

.012658228 

134  .  .007462687 

189 

.0052910(» 

25 

.040000000 

80 

.012500000 

135  :  .007407407 

190 

J)06263156 

26 

.038461538 

81 

.012345679 

186  .007352941 

191 

27 

.037037037 

82 

.012195122 

137   .007299270 

192 

.005206383 

28 

.035714286 

83 

.012048193 

138  1  .007246377 

193 

.005181347 

29 

.034482759 

84 

.011904762 

139  .007194245 

194 

.005154699 

80 

85 

.011764706 

140  1  .007142857 

195 

.005128206 

81 

.032258065 

86 

.011627907 

141  .007092199 

196 

0)05102041 

82 

.031250000 

87 

0)11494253 

142 

.007042254 

197 

.005076142 

88 

.0303a3030 

88 

.011363636 

148 

.006993007 

198 

.0a'i05a'i06 

84 

.029411765 

89  •  .0112&5955 

144 

.006944444 

199 

.005025126 

85 

.028571429 

90  .011111111 

145 

.006896552 

200 

.005000000 

86 

91  .010989011 

146  .006849315 

201 

.004975121 

87 

.027027027 

92  ,  .010869565 

147  .006802721 

202 

.004950495 

38 

.026315789 

93  .010752688 

148   0067.')6757 

203 

.004926108 

89 

.025641026 

94  .010688806 

149  .006711409 

204 

.004901961 

40 

.025000000 

95  .010626816 

IfiO 

.006666667 

205 

.004878049 

41 

.034390244 

96  '  .010416667 

151 

.Q066g||H 

Hni 

42 

.023809524 

97  .0ia3m>278 

159 

43 

.02325.'J«14 

9S   oio-^^- 

44 

45 

46 
47 

.022727273 
.022-^ 

.0217 
.0212 

212 

.004716981 

48 

.0208 

1 

j.-)8   .OOf.329114  1 

213 

.004694836 

49 

.02(M< 

.<M:it.I5;iH5 

159 

.006289308 

214 

.004672897 

50 

.O200(. 

105 

.00U523810 

160 

.006250000 

215 

.004651163 

M 

.019607843 

106 

.009433962 

161 

.006211180 

216 

.004629680 

52 

.019230769 

107 

.001*345794 

162 

.006172840 

217 

.004606295 

63 

.018867925 

108 

.009259259 

163 

.006134969 

218 

.004587156 

64 

.018518'>19 

109 

.009174312 

164 

.006097561 

219 

.004566210 

•} 

.018181818 

110 

.009090909 

165 

.006060606 

220 

.004545455 
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IfaL 

BfleipnMBL 

No. 

Ka 

BttdprocaL 

Vc 

RaelprooaL 

221 

J004534887 

276 

J00362S188 

881 

.003021148 

886 

.002590674 

222 

.004504505 

277 

.003610108 

832 

X03012048 

887 

.002563979 

22S 

i»4484305 

278 

X)03597122 

333 

.003003003 

388 

.002577320 

224 

J0O4464286 

279 

J)03584229 

334 

.002994012 

389 

.002570694 

225 

AM/1d^fHH 

280 

.008571429 

885 

.002985075 

890 

.002564108 

23S 

.004424779 

281 

.008558719 

836 

X)02676190 

801 

002567546 

227 

J004405286 

282 

.003546099 

887 

.002967359 

802 

.002551020 

228 

J004385965 

283 

.003533569 

338 

.002958580 

808 

.002f>l4629 

229 

J004366812 

284 

.003521127 

839!  /)02949853 

894 

.002.'>38071 

290 

J0043478a6 

285 

jxasasm 

840 

.002941176 

895 

.002531646 

231 

J0O4S290O4 

286 

.009496503 

841 

.002982561 

896 

.002525258 

232 

J004310845 

287 

.003484821 

842 

.002923977 

897 

.002518892 

2SS 

J004291845 

288 

.003472222 

843  i   .002915452 

306 

.002512568 

2M 

XW278504 

289 

.008460208 

844!  .002906977 

300 

.002506266 

2e 

J0042S6819 

200 

.003448276 

845.  .002896661 

400 

J)02500000 

23S 

J004SS12M 

291 

J008436426 

846!  .002890173 

401 

.002498768 

237 

.004219400 

292 

.008424668 

347.  .002881844 

402 

.002487562 

238 

.004201681 

293 

.003412969 

848!  .002873563 

403 

.002481890 

299 

.004184100 

294 

.003401861 

849 

.002865830 

404 

.002475248 

210 

J004166687 

295 

.008389881 

350 

.002857143 

406 

.002469186 

241 

.004140978 

296 

.003878378 

861 

XK)2849008 

406 

.002463064 

912 

.004132231 

297 

UX)8S67003 

852 

.002840909 

407 

.002457002 

243 

.004115226 

298 

.003856705 

858 

.002832861 

406 

.002460980 

344 

.004098361 

299 

.UU3344482 

354 

.002824&^ 

400 

.002444988 

245 

J004081688 

800 

J003338338 

356 

.002816901 

410 

.002439024 

246 

/X>4065041 

901 

.008822250 

856 

.002808969 

411 

.002483690 

2C7 

.004048563 

802 

.008311258 

857 

.002801120 

412 

.002427184 

248 

.004032258 

308 

.003800880 

858 

.002793296 

418 

.002421308 

20 

.004016064 

804 

.003280474 

850  1  .002785515 

414 

.002415459 

2B0 

/X)4000000 

305 

.008278689 

860.  .002777778 

416 

.002409680 

251 

i»8984064 

806 

iXB267974 

861*  .002770083 

416 

.002403846 

2S2 

.003968254 

307 

.003257329 

362 

.002762431 

417 

.002398082 

288 

.003952580 

808 

.003246753 

368 

.002754821 

418 

002392344 

254 

X03987008 

809 

.003236246 

364 

.002747253 

419 

.002386635 

2S6 

J0O3O2156O 

810 

.003225806 

865 

.002730726 

420 

.0023«)952 

258 

J0(fi908250 

811 

.006215434 

866 

xxxmmo 

421 

.002375297 

257 

.003891051 

812 

.008206128 

867 

422 

.002369668 

258 

.003875069 

818 

.003194888 

368 

.002717381 

423 

.002364066 

250 

.003861004 

814 

.003184713 

869 

.002710027 

424 

.00235*191 

2n 

i)038461M 

815 

.003174608 

370 

.002702703 

425 

.002362941 

261 

J003R81418 

816 

.008164557 

871 

.002695418 

426 

.002347418 

262 

J)03816794 

817 

.003154574 

872 

.002688172 

427 

.002341920 

268 

i)03802281 

818 

J003144654 

878 

.002680965 

428 

.002386449 

264 

i»8787879 

819 

.003134796 

874 

.002673797 

429 

.002331002 

265 

.003773585 

820 

.003125000 

875 

.002666667 

480 

.002325581 

266 

.003759808 

821 

.003116265 

876 

.002659674 

481 

.002320186 

267 

i)08745S18 

822 

.003105500 

377 

.0026,52520 

432 

.002814815 

288 

J)0878134d 

323 

.003095075 

878 

.002646503 

433 

.002309469 

289 

/)03717472 

824 

.003066420 

379 

.002638522 

434 

.002304147 

270 

J003703704 

825 

.003076023 

880 

.002631579 

435 

.002298851 

271 

in8600087 

826 

.003067485 

881 

.002624672 

486 

.002293678 

272 

Xn3676471 

827 

.003058104 

382 

.002617801 

437 

.002288880 

273 

JO086630O4 

328 

i)03048780 

383 

.002610966 

438 

.00228310' 

274 

X03649685 

829 

.003039514 

384 

.002604167 

489 

.002*27^ 

235 

J003686864 

^  880 

.008030303 

885 

.002597408 

440 

.0022^ 

i 
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BECIPROCALfi  OF  KUMBEBS. 


Table  of  Ile«lproeal»  of  Nambem^OmMKiMi.)   Seep^sS. 


No. 

Reciprocal. 

No. 

Reciprocal. 

No. 

Reciprocal. 

No. 

Reciprooft] 

441 

.002267574 

496 

.002016129 

661 

.001814882 

606 

.00165016S 

442 

.002262443 

497 

.002012072 

652 

.001811594 

607 

.001647446 

443 

.002257336 

498 

.002008032 

653 

.001808318 

608 

.001644787 

444 

.O022.=)22o2 

499 

.002004008 

654 

.001805054 

609 

J)0164203S 

445 

.002247191 

500 

.002000000 

655 

.001801802 

610 

.001639344 

446 

.002242152 

501 

.001996008 

656 

.001798561 

611 

.001636661 

447 

.0022:?7136 

602 

.001992032 

557 

.0017953:i2 

612 

.001633987 

448 

.002232143 

503 

.001988072 

558 

.001792115 

613 

.001631821 

449 

.002227171 

504 

.001984127 

659 

.001788909 

614 

.001628664 

450 

.002222222 

505 

.001980198 

660 

.001785714 

616 

.001626015 

451 

.002217295 

506 

.001976-285 

561 

.001782531 

616 

.001623377 

452 

.002212389 

507 

.001972387 

562 

.001779359 

617 

.001620746 

458 

.002207506 

508 

.001968504 

563 

.001776199 

618 

.001618128 

454 

.002202643 

509 

.0019W637 

564 

.001773050 

619 

.001615509 

456 

.002197802 

610 

.001960784 

665 

.001769912 

620 

.00161290S 

456 

.002192982 

511 

.001956947 

566 

.001766784 

621 

.001610306 

457 

.002188184 

512 

.001953125 

667 

.001768668 

622 

.001607717 

458 

.002183406 

513 

.001M9318 

568 

.001760568 

623 

.001605186 

459 

.002178649 

514 

.001946525 

569 

.001757469 

624 

.001602564 

460 

.002173913 

515 

.001941748 

670 

.001754386 

625 

.001600000 

461 

.002169197 

516 

.001937984 

671 

.001751313 

626 

.001597444 

462 

.002164502 

517 

.001934236 

672 

.001748252 

627 

.001594896 

463 

.002159827 

518 

.001930502 

573 

.001745201 

628 

.001592357 

464 

.002155172 

519 

.001926782 

574 

.001742160 

6-29 

.001589826 

465 

.002150538 

520 

.001923077 

575 

.001739130 

630 

.001587302 

466 

.002145923 

521 

.001919386 

676 

.001736111 

631 

.001684786 

467 

.002141328 

522 

.001915709 

577 

.001733102 

632 

.001582278 

468 

.0021.36752 

523 

.001912046 

578 

.001730104 

633 

.001579779 

469 

.002132196 

524 

.001908397 

579 

.001727116 

634 

.001577287 

470 

.002127660 

525 

.001904762 

580 

.00172^138 

635 

.001574808 

471 

.002123142 

526 

.001901141 

681 

.001721170 

636 

.001572327 

472 

.002118^44 

527 

.001807533 

582 

.001718213 

637 

.001669859 

473 

.002.114163 

528 

.001893939 

583 

.001715266 

638 

.001567398 

474 

.002109705 

529 

.0018903.59 

584 

.001712329 

639 

.001564945 

475 

.002105263 

530 

.001886792 

585 

.001709402 

640 

.001562500 

476 

.002100840 

531 

,001883239 

586 

.00170648.') 

641 

.001560062 

477 

.002006436 

532 

.001879699 

587 

.001703.')78 

642 

.001557632 

478 

.002092050 

633 

.001876173 

588 

.001700680 

643 

.001555210 

479 

.002087683 

534 

.0018726f)9 

589 

.001697793 

644 

.001.552796 

480 

.00208:3333 

535 

.001869159 

590 

.001691915 

645 

.001550888 

481 

.002079002 

536 

.001865672 

691 

.001692047 

646 

.001647038 

482 

.002074689 

537 

.001862197 

592 

.001689189 

647 

.001545595 

483 

.002070393 

538 

.001858736 

693 

.0016H6341 

648 

.001543210 

484 

.002066116 

539 

.001&'>5288 

594 

.00168:«02 

649 

.001540832 

485 

.002001856 

540 

.001851852 

695 

.001680672 

650 

.001538462 

486 

.002057613 

541 

.001848429 

696 

.001677852 

651 

.001536098 

487 

.002a-)3388 

542 

.001815018 

697 

.001675042 

652 

.001533742 

488 

.002049180 

.'V43 

.0(J1841621 

698 

.001672241 

653 

.001531894 

489 

.002044990 

544 

.001838235 

699 

.001669449 

654 

.001529a52 

490 

.002040816 

545 

.001834862 

600 

.001666667 

655 

.001526718 

491 

.002036660 

646 

.001831502 

601 

.001663894 

656 

.001524890 

492 

.002032520 

647 

.001828154 

602 

.001661130 

657 

J001522070 

493 

.002028398 

648 

.001824818 

603 

.001658375 

658 

001619757 

494 

.002024291 

649 

.001821494 

604 

.001655629 

669 

.001617451 

«% 

.002020202 

560 

.001818182 

606 

.001652893 

660 

.001616162 

BECIPBOCAUS  OF  NUMBEB8. 
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TAbl«  of  Rccli»rocmli»  of  Nuv^hen^-^iOtmUnued.)   See  p.  02. 

Not 

KeciproeaL 

No. 

Reciprocal. 

No. 

Reciprocal. 

No. 

Reciprocal 

«61 

.Q015128S9 

716 

.001896648 

771 

.001297017 

826 

.001210654 

662 

.001510574 

717 

.001394700 

772 

.001295337 

827 

.001209190 

663 

.001508296 

718 

.001392758 

T73 

.001293661 

828 

.001207729 

664 

.001506024 

719 

.001390821 

774 

.001291990 

829 

.001206273 

665 

.001503759 

720 

.001388889 

775 

.001290323 

830 

.001201819 

«G6 

.001501502 

721 

.001386963 

776 

.001288660 

831 

.001203369 

G67 

.001499250 

722 

.001385042 

777 

.001287001 

832 

.001201923 

668 

.001497(M)6 

723 

.001383126 

778 

.001285347 

833 

.001200480 

669 

.0014947fi8 

724 

.001381215 

779 

.001283697 

834 

.001199041 

670 

.001492537 

725 

.001379310 

780 

.001282061 

835 

.001197605 

671 

.00U9a313 

726 

.001377410 

781 

.001280410 

886 

.001196172 

672 

.001488095 

727 

.0013:5516 

782 

.001278772 

837 

.001194743 

673 

.0014858S4 

728 

.001373626 

783 

.001277139 

838 

.00119^,317 

674 

.001483680 

729 

.001371742 

784 

.001275510 

839 

.001191895 

675 

.001481481 

730 

.001369863 

785 

.001273885 

friO 

.001190476 

S76 

.001479290 

731 

.001367989 

786 

.001272265 

841 

.001189061 

677 

.001477105 

732 

.001366120 

787 

.001270648 

842 

.001187648 

678 

.001474926 

733 

.001364256 

788 

.001269086 

843 

.001186240 

679 

.001472754 

7:^4 

.001862398 

789 

.001267427 

844 

.001181834 

680 

.001470588 

735 

.001360^4 

790 

.001265823 

&15 

.001183432 

681 

.001468429 

736 

.0013.^^8696 

791 

.001264223 

846 

.001182033 

682 

.001466276 

737 

.0013;)6852 

792 

.001262626 

847 

.OOllKMi:* 

683 

.0014W129 

738 

.001355014 

793 

.001261034 

848 

.001179245 

684 

.001461988 

739 

.001363180 

794 

.001259446 

849 

.0011778^^ 

685 

.001459854 

740 

.001351351 

795 

.001257862 

850 

.001170471 

686 

.001457726 

741 

.001349528 

796 

.001256281 

851 

.001175088 

687 

.001455604 

742 

.001347709 

797 

.001254705 

852 

.001173709 

688 

.001453488 

743 

.001345895 

798 

.001253133 

853 

.001172333 

689 

.001451379 

744 

.001344086 

799 

.001251564 

854 

.001170060 

690 

.001449275 

745 

X)01342282 

800 

.001250000 

855 

.001169591 

691 

.001447178 

746 

.001340483 

801 

.001248439 

856 

.001168224 

692 

.001445087 

747 

.001338688 

802 

.001246883 

857 

.001166861 

698 

.001443001 

748 

.001836898 

803 

.001245380 

858 

.001165^.01 

694 

.001440922 

749 

.001335113 

801 

.001243781 

S.'^9 

.001164144 

695 

X)0I438^9 

750 

.001333333 

805 

.001242286 

860 

.001162791 

696 

.001436782 

751 

.0013315'i8 

806 

.001240695 

861 

.001161440 

697 

.0014P4720 

752 

.001829787 

807 

.001239157 

862 

.001160093 

696 

.001432665 

753 

.001328021 

808 

.001237624 

mi 

.001158749 

699 

.001430615 

754 

.001326260 

809 

.001236094 

864 

.001157407 

700 

.001428571 

755 

.001324503 

810 

.001234568 

865 

.001156069 

701 

.001426534 

756 

.001322751 

811 

.001233046 

866 

.0011547:^ 

702 

.001424501 

757 

.001821004 

812 

.001231527 

867 

.00I15:i4O;J 

703 

.001422475 

758 

.001319261 

813 

.001230012 

868 

.0  a  15*2074 

704 

J00142m55 

759 

.001317523 

814 

.001228501 

869 

.001 1.)0718 

705 

.001418140 

760 

.001315789 

815 

.001226994 

870 

.0011494-25 

706 

.001416481 

761 

.001314060 

816 

.001225490 

871 

.0011.18106 

707 

.001414427 

762 

.001812836 

817 

.001223990 

872 

.001146789 

708 

.001412429 

763 

.001810616 

818 

.001222494 

873 

.001145475 

709 

.001410437 

764 

.001808901 

819 

.001221001 

874 

.001144165 

710 

.001408451 

765 

.001807190 

820 

.001219512 

875 

.001142857 

711 

.001406470 

766 

.001305483 

821 

.001218027 

876 

.001141553 

712 

.001404494 

767 

.001803781 

822 

.001216545 

877 

.001140251 

713 

.001402525 

768 

.001802083 

82:5 

.001215067 

878 

.001138952 

714 

.001400560 

769 

.001800390 

824 

.001218.^92 

879 

.0011376.'>6 

715 

XX)1S98G01 

770 

.001298701 

825 

1  .001212121 

880 

.001136864 

i 

{ 
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BECIPROCALS  OF  NUMBBBa 


Table  of  S«cli»rocals  of  Nnwmhem,-^QmHHued.)   See  below. 


No. 

Reciprocal. 

No. 

ReclprocaL 

No. 
941 

Reciprocal. 

.00106-2699 

No. 

Reciprocal 

881 

.001135074 

911 

.001097695 

971 

.001029866 

882 

.001133787 

912 

.001096491 

942 

.001061571 

972 

.001028807 

888 

.001132503 

913 

.001095290 

943 

.001060145 

973 

.001027749 

884 

.001131222 

914 

.001094092 

944 

.0010)9322 

974 

.0010266M 

885 

.001129944 

916 

.001092896 

945 

.001058201 

975 

.001025641 

886 

.001128668 

916 

.001091703 

946 

.001057082 

976 

.001024590 

887 

.001127396 

917 

.001090513 

947 

.0010)5966 

977 

.001023541 

888 

.001126126 

918 

.001089325 

948 

.00ia>4852 

978 

.001022495 

889 

.001124859 

919 

.001068139 

949 

.001053741 

979 

.001021450 

890 

.001123596 

920 

.001086957 

950 

.001052632 

980 

.001020408 

891 

.001122834 

921 

.001085776 

951 

.001051525 

981 

.001019968 

892 

.001121076 

922 

.001084599 

952 

.001050420 

982 

.001018330 

898 

.001119821 

923 

.001083424 

953 

.001049318 

983 

.001017294 

894 

.001118568 

924 

.001082251 

954 

.001048218 

984 

.001016260 

895 

.00m7318 

925 

.001081081 

965 

.001047120 

985 

.001015228 

896 

.001116071 

926 

.001079914 

956 

.001046025 

986 

.001014199 

897 

.001114827 

927 

.001078749 

957 

.001O449S2 

987 

.001013171 

898 

.001113586 

928 

.001077586 

958 

.001013841 

988 

.001012146 

899 

.001112347 

929 

.001076426 

959 

.001012753 

989 

.001011122 

900 

.001111111 

930 

.001075269 

960 

.001041667 

990 

.001010101 

901 

.001109678 

931 

.001074114 

961 

.001040583 

991 

.001009082 

902 

.001106647 

932 

.001072961 

962 

.001039501 

992 

.001008065 

908 

.001107420 

933 

.001071811 

963 

.001038422 

998 

.001007049 

904 

.001106195 

934 

.001070664 

964 

.0010373U 

994 

.001006096 

905 

.001104972 

935 

.001069519 

965 

.001036269 

995 

.001005025 

906 

.001103768 

936 

.001068376 

966 

.001035197 

996 

.001004016 

907 

.001102536 

937 

.001067236 

967 

.oovmiTXS 

997 

.001003009 

908 

.001101322 

938 

.001066098 

968 

.001033058 

998 

.001002004 

909 

.001100110 

939 

.0010&i963 

969 

.001031992 

999 

.001001001 

910 

.001098901 

940 

.001063830 

970 

.001030928 

1000 

.001000000 

RECIPROCALS. 


(a)  Tlie  reeiproeal  of  m  nnmber  Is  the  quantity  obtained  bj  dlrld- 
Ing  unity  or  1  by  that  number.    In  other  words,  if  n  be  any  number,  then 

Reclp  »  =  — .    Thua,  Recip  40  =  ^  =  0.025 ;  Recip  0.4  =  ^^  =  2.5,  etc.,  etc 


40 


0.4 


Hence,         Recip  I  =  — ,  because  Reclp  *J-  =  1  +  *  - 1  X  "  -  — . 
0       a  o  o  d       u 

Thus,  since  1  yard  =  86  inches,  1  Inch  =  yf^  yard  =  .027777778  yard,  for  Recip 

36  °>  .027777778.    Again,  1  foot  head  of  water  gires  a  pressure  of  .4339  lbs.  per 

square  inch.    Hence  a  pressure  of  1  lb.  per  square  inch  corresponds  to  a  head 

of  -^-  feet  =  2.306805  feet,  for  Recip  .4335  »  2.306805.    (See  h,  below.) 

(b)  It  follows  that  if  any  number  in  the  column  headed  '*  No."  be  taken  aa 
the  denominator  of  a  common  fraction  whose  numerator  is  1,  the  corresponding 
reciprocal  is  the  value  of  that  fraction  expressed  in  decimals.^  Thus,  ^  » .08125. 
Hence,  to  reduce  a  eommon  fk*»etioii  to  deelmal  flbrm,  multiply 
the  reciprocal  of  the  denominator  by  the  numerator.  Thus,  ^}  <«  .53125,  because 
Recip  82  =  .03125,  and  .03125  V  17  =  .53125. 

(c;  Conversely,  if  the  reciprocal  of  a  number  n  be  talcen  as  a  number,  then  the 

number  n  itself  becomes  the  reciprocal.    In  other  words,  Recip    -  —  n.     Tho^ 
Recip  0.026  =  Recip  -^  -  40 ;  Reclp  2.6  =  Recip   V  -  ^'*^  «*«•.  «*«• 


40 


0.4 


*  The  numbers  2  and  5,  and  their  powers  and  products,  are  the  onbr  ones  whoat 
reciprocals  can  be  txaeti^  expresaed  in  decimaU  igitized  by  LnOOg  IC 
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fd)  The  prodnet  of  any  number  by  Ite  own  reo^pionl  Is  eqiul  to  noltj  or  1; 

(e)  Anynomber,  aXRocip  of  a  nnmber,  n  =  «  X  —  «=— . 

Henoe,  to  aTOid  tlie  labor  of  dlTldliiir,  we  may  muUiply  by  tbe  reeUh 
MTo/of  tbediTisor.    Thus, 
200 -i- 48750  =» 200X  Recip48750  =  200X.00002051282 (well, below)».004102561. . 

(f )  Any  number,  a -4- Recip  of  a  number,  »«a-t-  —  safu 

1  a 

Henoe,  a  +  Reclpa^a-i-  —  —  aX--  — a«. 

Tha.,  Beclp2  =  0A.»a.5^-j^-4-2.. 

(C)  Tbe  nnmbera  in  the  foregoing  table  extend  iVom  1  to  1000;  but  the  recip- 
Tocala  of  maltlpleii  of  these  nnmbera  by  10  may  be  taken  from  the 
table  hj  adding  one  cipher  to  the  left  of  the  reciprocal  (after  the  decimal  point) 
far  each  cipher  added  to  the  number.    Thus, 

Becip     390  =  .002564103 ; 
Recip   3900=^.0002564103; 
Recip  39000  «  .00002564103 ; 
and  the  reciprocals  of  numbers  eontolnln^  deef  mals  may  be  taken 
fnm  the  table  by  shifting  the  decimal  point  in  the  tabular  reciprocal  one  plsce 
to  the  right  for  each  decimal  place  in  the  number.    Thus: 
Recip  227  =»     .004405286; 

Recip    22.7       »     .04405286; 
Recip      2.27     —     .4405286; 
Recip        .227  «  4.405286; 
Recip        .0227  =  44.06286. 
(h)  The  reciprocal  of  a  number  of  more  tlian  tbree  llftrnres  may  be 
taken  from  tbe  table  approximately  by  interpolation.  Thus,  to  find  Becip  236.4: 
Recip     236  ». 004237288 
Recip     237  -  .004219409 
Differences:       1,    T000017879,   236.4—286-0.4. 
Then,  0.4  X  .000017879  =  .000007162, 
aod  Recip  236    —.004237288 

minus  .000007152 

—  Recip  286.4  =  .004230186   by  interpolation. 
The  correct  reciprocal  is  .004230118. 

(i)  The  reciprocals  of  numbers  not  in  the  table  may  be  couTeniently  found 
by  nnenifts  of  los»ritbms.     Thus,  to  find  the  Recip  236.4  -  -^-j : 

Ijog     1    —0.000000 
Babtract  Log  236.4  -2.873647 

U626853  -  Log  0.00i23012 

Recip  236.4  —  0.00429012. 
_.,-,.      8424        236.4 
To  find  Recip -j^^^—g^. 

Log   236.4-2.873647 
Subtract  Log  8424    —  3.925518 

1448129  -  Log  0.0280627. 
8424 

Recip -3  — -0.0280627. 

(J)  Pooltion  of  tbe  deeintal  point.  For  the  Nos.  10, 100. 1000,  eto.« 
the  number  of  the  decimal  place  occupied  by  the  first  significant  figure  in  tbe 
raciprocal  is  equal  to  the  number  of  etphen  in  the  No. ;  but  for  all  other  Nos.  it 
is  equal  to  the  number  of  the  diffUs  in  the  integral  portion  of  the  No.  Thus : 
Reap  143.7  =  .0069..,  eto.  Here  the  number  of  digits  in  the  integral  portion 
(143)  of  the  Ko.  is  3,  and  the  first  significant  figure  (6)  of  the  reciprocal  oocupiee 
the  Udrd  decimal  place. 
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SQUARE  AND  CUBE  BOOTS. 
)  Boots  and  Cube  BooUi  of  IVanbora  from  .1  to  SA* 


luara. 

Cnbfc 

Bq.  A& 

C.Bt. 

Ko. 

8Q,Bt, 

CH-t. 

Ko. 

Sq.Rt. 

O.Rt. 

.01 

.001 

.816 

.464 

.7 

2.S87 

1.786 

.4 

8.661 

2.375 

.o-itf 

.0084 

,387 

.631 

.8 

2.406 

1.797 

.6 

8.688 

2.387 

.04 

.008 

.447 

.585 

.9 

2.429 

1.807 

.8 

8.716 

2.3S9 

.0625 

.015C 

.500 

.630 

6. 

2.448 

1.817 

14. 

8.742 

2.410 

.09 

.027 

.548 

.669 

2.470 

1.827 

.2 

8.768 

S.42S 

.1325 

.049 

.592 

.705 

!2 

2.490 

1.837 

.4 

8.796 

2.433 

.16 

.064 

.633 

.737 

.3 

2.510 

1.847 

.6 

8.821 

2.444 

.20-25 

.0911 

.671 

.766 

.4 

2.5.W 

1.857 

.8 

8.847 

2.466 

.25 

.135 

.707 

.794 

.5 

2.550 

1.866 

16. 

8.873 

2.46* 

.8025 

.1664 

.742 

.819 

.6 

2.569 

1.876 

.2 

8.899 

2.477 

.S« 

.216 

.775 

.843 

.7 

2.588 

1.885 

.4 

8.924 

2.488 

.4225 

.2746 

.806 

.866 

.8 

2.608 

1.895 

.6 

8.950 

2.489 

.49 

MS 

837 

.888 

.9 

2.627 

1.904 

.8 

8.976 

2.609 

.5625 

.42l» 

.866 

.909 

7. 

2.646 

1.913 

16. 

4. 

2.620 

.64 

.512 

.894 

.928 

.1 

2.665 

1.922 

.2 

4.02S 

2.630 

.7225 

.6141 

.922 

.947 

.2 

2.683 

1.931 

.4 

4.050 

2.641 

.81 

.729 

.949 

.966 

,3 

2.702 

1.940 

.6 

4.074 

8.661 

.9025 

.8574 

.975 

.963 

.4 

2.720 

1.949 

.8 

4.0^ 

2.661 

1.000 

1.000 

1.000 

1.000 

.5 

2.739 

1.957 

17. 

4.123 

8.571 

1.103 

1.158 

1.025 

1.016 

.6 

2.757 

1.966 

.2 

4.147 

2.661 

1.210 

1.SS1 

1.049 

1.032 

.7 

2.775 

1975 

.4 

4  171 

2.501 

l.:m 

1.521 

1.072 

1.048 

.8 

2.798 

1.983 

.6 

4.195 

2,601 

1.440 

1.728 

1.095 

1.063 

.9 

2.811 

1.992 

.8 

4.219 

2.611 

1.56S 

1.963 

1.118 

1.077 

8. 

2.828 

2.000 

18. 

4.243 

2.621 

1.690 

2.197 

1.140 

1.091 

.1 

2.846 

2.008 

.2 

4.'266 

2.6S0 

1.82n 

2.460 

1.162 

1.105 

.2 

2.864 

2.017 

.4 

4.290 

2640 

1.900 

2.744 

1.  83 

1.119 

.3 

2.881 

2.025 

.6 

4.313 

2.660 

2  103 

S.0(9 

i.,a>4 

1.132 

.4 

2.898 

2.o;i3 

.8 

4.3.T6 

2.650 

2.250 

S.375 

i.n5 

1.145 

.6 

2.916 

2.041 

19. 

4.359 

2.668 

2.403 

3.724 

1.245 

1.157 

.6 

2.938 

2.049 

.2 

4..')82 

2.678 

2.580 

4.096 

1  265 

1.170 

.7 

2.950 

2.057 

.4 

4.405 

2.687 

2  723 

4.492 

1.285 

1.182 

.8 

2.966 

2.063 

.6 

4.427 

2.686 

2890 

4.913 

1.304 

1.198 

.9 

2.98S 

2.072 

.8 

4.450 

2.706 

3.063 

5.359 

1.323 

1.205 

9. 

8. 

2.080 

20. 

4.472 

2.714 

3.240 

6.832 

1.3(2 

1.216 

.1 

8.017 

2.088 

.2 

4  494 

2.728 

3.423 

6.332 

1.860 

1.228 

.2 

8.033 

2.095 

.4 

4.517 

2.732 

3.610 

6.859 

1.378 

1.X19 

.3 

3.050 

2.103 

.6 

4.539 

2.741 

3.803 

7.415 

1.396 

1.249 

.4 

8.066 

2.110 

.8 

4.661 

2.760 

4.000 

8.000 

1.414 

1.260 

.6 

3.082 

2.118 

21. 

4.583 

2.750 

4.410 

9.261 

1.449 

1.281 

.6 

3.098 

2.125 

.2 

4.604 

2.768 

4.840 

10.65 

1.483 

1.301 

.7 

8.114 

2  133 

.4 

4.626 

2.776 

5.290 

12.17 

^.'>^^ 

1.320 

.8 

8.180 

2.140 

.6 

4.648 

2.786 

5.760 

13.82 

1,  .\i 

1.339 

.9 

8.146 

2.147 

.8 

4.6«!f 

2794 

6.250 

15.63 

3    '-I 

1.357 

10. 

8.162 

2.154 

22. 

4.690 

2.W2 

6.760 

17.58 

M.i-J 

1.375 

.1 

8.178 

2,162 

.2 

17!  •: 

2.810 

7.290 

19.68 

1  i.n 

1.392 

.2 

8.194 

2.169 

.4 

1  :  ;-■; 

2.819 

7.840 

21.95 

1  -:  1 

1.409 

.8 

8.209 

2.176 

.6 

4  -  .t 

2.827 

8.410 

24.38 

1  Mi 

1.426 

.4 

8.225 

2.183 

.8 

i  -:  . 

2.896 

9. 

27. 

1  -  ' 

1.442 

.6 

8.240 

2.190 

23. 

1   T  ■*". 

2.844 

9.61 

29.79 

i  ->  ! 

1.458 

.6 

8.256 

2.197 

.2 

*  --.: 

2.852 

0.24 

82.77 

1  :-■. 

1.474 

.7 

8.271 

2.204 

.4 

1  -  ;: 

2.800 

0.89 

S5.94 

]      Jr 

1.4S8 

.8 

8.3S6 

2.210 

.6 

i  -  ^ 

2.868 

1.56 

39.30 

1    -i 

1.504 

.9 

8.302 

2.217 

.8 

t  ■ '. .' 

2.M6 

2  25 

42.88 

1,-TI 

1.518 

11. 

3.317 

2.224 

24. 

^  -li 

2.Hf»4 

12.96 

46.66 

I  -■:»: 

1.533 

.1 

8.832 

2.231 

.2 

i      1  '■ 

2.8yj 

1.1.89 

60.65 

1  ;.'.'i 

1.647 

.2 

8.847 

2.237 

.4 

(   ''<.■< 

2.1W0 

1144 

64.87 

i.^'VI 

1.560 

.8 

8.362 

2.244 

.6 

t  ■•<■  1 

2.908 

15.21 

69.82 

!  'I-; -, 

1.574 

.4 

1376 

i.v>\ 

.8 

4  :iii 

2.916 

16. 

•4. 

1.587 

.5 

8.391 

2.257 

25. 

2.W4 

16.81 

68.92 

.'  iM'i 

1.601 

.6 

8.406 

2.264 

.2 

ftiK-o 

2.i»;l2 

17.64 

74.09 

;  iiii'j 

1613 

.7 

8.421 

2.270 

.4 

[i.  i^kit 

2.940 

|rt.49 

79.51 

J    CJ 

1.626 

.8 

8.435 

2.277 

.6 

.%  '»-•<> 

2.S47 

19.36 

85.18 

_■  ir— I 

1.639 

.9 

8.450 

2283 

.8 

i".  >•■:  t 

2.!fc6 

10.25 

91.13 

.'  1  -•: 

1.651 

12. 

8.464 

22H9 

26. 

". . .  1- 1 

2.96i 

M.I6 

97.34 

2  •  1.1 

1.683 

.1 

8.479 

2.296 

.2 

2.979 

12.09 

103.8 

■J    !..->, 

1.675 

.2 

8.498 

2..W2 

.4 

:■  1  '-« 

2.87U 

13.04 

110.6 

-j:-l 

1.687 

.8 

8.507 

2.308 

.6 

2.985 

24.01 

117.6 

.'  -11 

1.698 

.4 

8.521 

2.315 

.8 

:'*  ITT 

2.998 

25. 

125. 

;  .■•>i 

1.710 

.6 

8.536 

2,321 

r. 

:■.  1  i«i 

3  000 

26.01 

182.7 

■;, :  .^ 

1.721 

.6 

8.550 

2.327 

.2 

:..  -  1  '< 

3.007 

27.04 

140.6 

'.'  :->* 

1.732 

.7 

8.564 

2.333 

.4 

8.015 

128.09 

148.9 

:■  I'^J 

1.744 

.8 

8.578 

2:«9 

.6 

;■'  -  .* 

8.022 

29  16 

157.6 

'J  :i:'4 

1.754 

.9 

8.592 

2.345 

.8 

m 

8.029 

SO  .35 

166.4 

'J.-<j;^ 
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M,  €abe«.  Square  Rooto,  »«d    _  _ 
of  N^umbers  flrom  1  to  lOOO— (Comtikuki).) 
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16.911S 

6.5885 

851 

123201 

43243551 

18.7350 

7.0540 

07 

iOifiO 

23630903 

16.9411 

6..5W2 

352 

izimi 

4,'1614-20S 

18.7617 

7.0607 

»8 

W944 

X38878n 

16.9706 

6.6030 

353 

124609 

4.i9»l6077 

I8.7.SH3 

7.0674 

se» 

moil 

24137560 

17. 

6.6115 

354 

125316 

44361864 

1B.HI49 

7.0740 

aw 

84100 

24380000 

17.0304 

6.6101 

356 

126026 

44738875 

18.8414 

7.0807 

91 

846R1 

24642171 

17.0687 

6.6967 

856 

136796 

45118016 

18.S680 

7.0878 

92 

«6J»4 

24807088 

17.0880 

6.6343 

357 

127440 

45499293 

18  r^lU 

7.0940 

Hof>t9 

25153757 

17.1172 

6.6410 

358 

128164 

45882712 

18.»-209 

7.1006 

m 

86^16 

25412184 

17.1464 

6.6404 

359 

I2K881 

46268-279 

18.9473 

7.1072 

m 

810-6 

^67S75 

17.1756 

6.6560 

860 

129600 

46656000 

18.9737 

7.1138 

wt 

87616 

256B43S6 

17.20*7 

6.66U 

361 

130321 

47045881 

19. 

7.1204 

2i7 

soaio 

26198073 

17.2337 

6.6710 

362 

13I0U 

474379-i.S 

19.0263 

7.r2«» 

206 

8»e«4 

2S463502 

17.2827 

6.6704 

363 

131760 

478.'V2I47 

19.U.V26 

7.13:^5 

a» 

i<»401 

267308W 

17.2916 

6.6860 

3M 

13-2496 

48-2-28544 

19.078H 

7.1400 

aoe 

90O0O 

27000000 

I7.3-JU5 

6.6043 

365 

133226 

486271-25 

19.1050 

7.1406 

an 

ao6oi 

27270001 

17.3404 

6.7018 

366 

133966 

49027896 

19.1311 

7.1531 

an 

0120& 

2754S0D8 

17.3781 

6.7092 

867 

134680 

4M4;iOH6:» 

19.1  ,-,72 

7.1596 

aos 

91800 

27818127 

17.4060 

6.7168 

368 

1354-24 

41J8.J0UJ2 

19.ih:i;i 

7.1661 

aM 

02116 

2H094464 

17.4356 

6.7340 

869 

136161 

60-24.3409 

1J».-20«I1 

7.17-26 

Mft 

03025 

28S72S25 

17.4643 

6.7313 

870 

136000 

50653000 

19.-2354 

7.1791 

aoa 

90686 

28659616 

17.4920 

6.7387 

871 

137641 

61064811 

19.?614 

7.1»66 

ao7 

04240 

28034443 

17.5214 

6.7460 

872 

138J84 

61478848 

19.1873 

7.19-20 

MB 

04864 

^il8112 

17.5400 

6.7533 

S7:i 

1301-29 

61885117 

iy..HI32 

7.1984 

aoa 

0M81 

2930St<9 

17.5784 

6.7606 

874 

180876 

623136-24 

1«.r'.:!i»l 

7.-2048 

aio 

06100 

29701000 

17.6068 

6.7670 

876 

140626 

62734375 

19.>iG49 

7. -21 13 

ni 

soooesn 

17.6302 

6.7758 

no 

141376 

53157876 

19.8907 

7.2177 

aia 

07344 

S0ST1328 

17.6636 

6.7824 

877 

14-2120 

&:»5826S3 

19.4165 

7. -2240 

aia 

07060 

30664207 

17.6018 

6.7807 

878 

14-2884 

6t0\0)52 

19.44-22 

7.-2304 

S14 

00606 

30810144 

17.7900 

6.7960 

870 

143641 

544.'»9939 

19.4R79 

7.2360 

m 

SUSiRft 

11.76B 

6.80a 

880 

144400 

64872000 

19.49i6 

7.i4«r 
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TABIaE  Of  Sqimr«S9  Ctebes,  Square  Boota,  and  rabe 
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SQUARES^  CUBES.  AND  ROOTS. 

Ml,  Ctebes,  Sqaare  Boota,  mmi 
nbortt  ftrom  1  to  lOOO— (Gontihuxd.) 


No. 

Square. 

Cube. 

Sq.Rt. 

cut. 

No. 

Sqoure. 

Cube. 

flQ.Rt. 

azL*. 

SSI 

145161 

55306341 

19.3HI.' 

7.il«5 

446 

198916 

88716536 

31.1187 

7.0409 

3W2 

U592t 

5574.>968 

19.&44.S 

7.^fcVJ 

447 

199809 

89314623 

31.1424 

7.04OO 

*« 

14C6(« 

50181887 

19.5704 

7.2622 

448 

300704 

89915392 

31.1660 

7.6517 

as4 

147436 

56623104 

19.5»59 

7.2685 

449 

2(11601 

90518ti49 

21.1896 

7.6S74 

38o 

148225 

67066625 

19.6214 

7.2748 

460 

202500 

91125000 

31.2133 

7.68S1 

SM 

14W96 

57512456 

19.64»P) 

7.2811 

451 

203401 

91733851 

31.3368 

7.0688 

!»7 

U9769 

57960603 

19.67 .:.» 

7.2874 

452 

204^104 

9,O«.V408 

21.2603 

7.6744 

8H8 

150544 

58411072 

19.6077 

7.2936 

453 

21)5200 

92939677 

21.2838 

7.6801 

3H9 

151321 

58863869 

19.7rJl 

7.2999 

454 

206116 

93576664 

21.3073 

7.0857 

390 

152100 

60319000 

19.i4»4 

7.3061 

455 

207025 

94196375 

31.8307 

7.0014 

891 

152881 

697764n 

19.7737 

7.3124 

4.'i6 

307MO 

94818816 

31..\^4S 

7.00T* 

892 

I5;w»4 

60iT6288 

1!J.7U«» 

7..J186 

457 

208849 

9544399:1 

31.3776 

7.7030 

893 

ISt(49 

6008^157 

19>2t2 

7.3248 

4,>'* 

209764 

90071912 

21.4009 

7.7080 

394 

155236 

611G29M 

19.8194 

7A310 

459 

3106HI 

96702379 

21.4243 

7.7130 

886 

156025 

61629875 

19.8746 

7Ji373 

460 

311600 

97336000 

31.4476 

7.T104 

896 

156816 

62099186 

19.8997 

7.3434 

461 

312521 

97073181 

21.4700 

7.7360 

897 

l-j'tRW 

62570773 

19.9249 

7.3196 

462 

213144 

9(«1H28 

21.4'»42 

7.7300 

898 

1J8I04 

630U792 

19.9499 

'...%58 

463 

214.-169 

99252817 

21. .'.174 

7.7303 

899 

159201 

63521199 

19.9750 

7.3619 

464 

215296 

951807344 

2 1. .-i  107 

7.7418 

400 

160000 

64000000 

90. 

7.3681 

465 

316225 

100344625 

21.5688 

7.7473 

401 

160801 

61481301 

20.0250 

7.3742 

466 

217156 

101194696 

21..S870 

7.753» 

40a 

161G0I 

61064808 

»).04««J 

7.3«)3 

467 

•JIH0K9 

101847361 

21.r.l02 

7.75(44 

403 

162t<l9 

C54;',OH27 

20.0749 

7..V«4 

AC,^ 

219024 

1  IJ50.1232 

21.6.-C,3 

7.7630 

404 

103216 

659:)9264 

20.W9«! 

7.39  r> 

4V» 

•J  1 9961 

l'«ll(!nw 

21.0364 

7.7005 

405 

161025 

66430125 

90.12441 

7.39*^ 

470 

220000 

ia3b-JJ000 

21.67J5 

7.7750 

406 

164836 

66923416 

30.1494 

7.4017 

471 

2-.flH41 

104487111 

31.7025 

7.7805 

407 

1056(9 

67419143 

20.1742 

7.4108 

472 

22-J7H4 

103151018 

3I.7-J36 

7.7806 

403 

166iAi 

67917312 

2i\1990 

7.4169 

47:5 

?2:;729 

i'>:,t<->:i8i7 

21.74H> 

7.7915 

409 

107281 

68417929 

20.22.37 

7.4229 

474 

2-M«76 

\mvMm 

21.7715 

7.7970 

410 

168100 

68921000 

20.2485 

7.4290 

475 

225626 

107171876 

31.7945 

7.8036 

411 

188!*21 

69426531 

«).27ai 

7.43.V) 

47'*. 

226576 

107850176 

81.8174 

i.wm 

413 

l(SI7(i 

6<i934528 

30.2978 

7.4410 

477 

2-'7.V»9 

ioH3.n5:J3 

21.8403 

7.8134 

413 

170569 

70444997 

20..".224 

7.4470 

47H 

2>484 

1')X'i:>.152 

21.86:12 

7.8188 

414 

I7l:ti)6 

70M79U 

20.3170 

7.45.30 

47:i 

22:)  44 1 

io:»f>2-.'W 

21.8861 

7.8248 

416 

172225 

71473375 

30.3715 

7.4590 

4«0 

230400 

110592000 

31.9089 

7.8207 

416 

173056 

71991296 

30.3961 

7.4650 

481 

2.11361 

1112S4641 

21.9817 

7.835J 

417 

17.WH9 

7»:)IlilS 

20.4206 

7.4710 

4h_. 

:■  ;.'.»24 

lll»--')168 

31.9545 

7.8406 

418 

171724 

7:to:;t6:{2 

20.44:.O 

7.4770 

4'*» 

•in.'««9 

ir.V.7S.Vi7 

31.9773 

7.8400 

419 

175o«l 

7:JoG0a->9 

30.4093 

7.4S29 

4H( 

2iir>6 

11.-5:579904 

32. 

7.8514 

420 

176400 

74068000 

30.4939 

7.4889 

4JW 

2J5225 

114084125 

82.0237 

7.8560 

421 

177241 

74618461 

30.. -4183 

7.4948 

486 

236196 

114791K6 

32.0464 

7JI8« 

423 

17W)iH4 

75151448 

20.3126 

7.r)007 

4*«7 

257169 

ii:»50i.Tai 

22.0681 

7.8670 

423 

178929 

75686367 

20.. '.670 

7.5067 

AM 

2.iHl44 

lir,.'MJ72 

K.O907 

7.8730 

434 

179776 

70225024 

ao.r)»i3 

7.5126 

at.} 

21!M21 

li(jy;joiG;) 

ri.llS3 

7.h784 

42& 

180625 

76765635 

30.6155 

7.5185 

480 

240100 

117C48000 

32.1359 

IM&l 

436 

181476 

7730R776 

30R.T98 

7.5244 

491 

211081 

11837077! 

32.1585 

7.8801 

427 

lKi!i9 

77»544S3 

2n.«}<iio 

7.5302 

4'.»i 

212064 

119095488 

32.1  HI  1 

7.80U 

420 

1MIH4 

7'*402752 

20.t;'««i 

7.5.161 

4KI 

24.-1049 

119«2ni.-)7 

22.2036 

7.8908 

429 

181041 

78033589 

20.712J 

7.5420 

4:11 

244aM 

1203:>.17H4 

22.'J-'61 

7.9061 

490 

184900 

79507000 

30.7364 

7.5478 

495 

243025 

121287375 

82.2486 

7.9106 

431 

185761 

80063991 

10.7605 

7.5537 

496 

S46016 

122023036 

33.3711 

7.9158 

432 

1WW24 

80621566 

20.7W6 

7.5595 

497 

247009 

122763473 

32.2935 

7.9211 

433 

187  JH9 

81182737 

20.8087 

7.5654 

498 

24>^)04 

123505992 

32.3159 

7.92U 

434 

IR-^Jjd 

61746504 

20.M27 

V.5713 

499 

219001 

124251499 

32.:t:w3 

7.9317 

435 

189225 

82313875 

90.8567 

7.6770 

600 

230000 

123000000 

>2Ji607 

7.9870 

488 

190006 

82881856 

30.8806 

7.5828 

501 

8S100I 

125751501 

S3..W30 

7.0430 

487 

190969 

a)453453 

20.9045 

7.3•^^6 

5n2 

2.VJOO4 

1265060!)!4 

32.4054 

7.0470 

438 

191844 

84027672 

30.0281 

7..'-|944 

5<n 

2VJ'HJ9 

12726.1327 

22.4277 

7.0538 

488 

192721 

84604519 

20.9323 

7.6001 

504 

2')«'tl6 

l->024064 

22.4499 

7.0581 

440 

198600 

85184000 

30.9762 

7.6059 

505 

255025 

128787625 

32.47ri 

7.96U 

441 

1MI81 

85766121 

31. 

7.6II7 

506 

256036 

129554816 

33.4044 

7.9080 

443 

195364 

86350888 

31.0338 

7.6174 

607 

257019 

1.10123843 

32.5167 

7.9780 

443 

196249 

86938307 

21.0476 

7.6232 

50!) 

2.i80&t 

131096512 

22.5380 

7.9701 

444 

197136 

87528384 

31.0713 

7.6280 

600 

2590HI 

131872229 

22..'M!10 

7.98a 

416 

188035 

88131125 

31.0850 

7.6340 

610 

300100 

J3366UW0 

gitizecl  by  V_ 
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SQUARES,  CUBES,  AND  ROOTS. 

■arcs,  €nb««,  fl^inare  Booto,  aii4i 
f  ambers  flrom  1  to  lOOO— (CoimKUKD.) 


kJ 

8q[umre. 

Oub^ 

8q.  Bt. 

CKL 

No. 

8qiuu«. 

Cabo. 

Sq.Bt. 

O.B». 

511 

381131 

133432S31 

22.0»3 

7.9818 

676 

331776 

191102976 

24. 

8.3203 

iU 

382144 

1S|2177»« 

Ti-6/74 

8. 

677 

332929 

192100033 

24.0208 

8.3261 

51S 

3C3188 

1S5005607 

22.6«ii6 

8.0052 

678 

334084 

193100662 

94.0416 

8.3300 

ftii 

384188 

135T«744 

32.6716 

8.010i 

679 

335241 

194101630 

24.0624 

8.3348 

Hi 

3663^ 

13K0087& 

23.6896 

8.0166 

580 

836400 

196112000 

14.01132 

6.3396 

51< 

S66S8 

1373Sfl096 

23.7156 

8.0208 

581 

SS756I 

196122041 

14.1039 

8.3443 

M7 

387299 

1381^113 

ri.7376 

8.o.aio 

6H2 

338724 

197137368 

14.1247 

8.3491 

&1« 

368334 

138S91k:12 

22.759li 

8.«lll 

6*S3 

839880 

198155287 

24.1454 

8.36S9 

&19 

«8S81 

13979>«tJ9 

22.7'<16 

8.a%3 

6H4 

341056 

199176704 

24.irrfii 

B..\)87 

iao 

ttOtM 

140808000 

22.8035 

8.0416 

585 

342225 

21)0201625 

24.1i«8 

8.3634 

Kl 

371441 

141430761 

S3.8-iS4 

8.0UK 

686 

843396 

201230066 

24.2074 

8.3082 

5K 

27.'i84 

14223864J4 

22.H473 

8.aii7 

587 

344609 

202262003 

24.2-/H1 

e.3730 

&XS 

yUJ29 

14M65667 

S2.H»2 

JJ.IJjTjJ 

688 

345744 

203297472 

24.2487 

8.H777 

521 

r*a78 

143877824 

22.8910 

amM 

6H0 

846921 

204336409 

24.269.1 

8.3825 

635 

27aC35 

U4708129 

22.9129 

8.0671 

500 

848100 

206379000 

M.2899 

8.3871 

sat 

378878 

1455SI576 

22.9347 

8.0723 

SOI 

849281 

206426071 

M.3105 

8.8010 

5J7 

T77739 

146^3183 

22.9665 

8.0774 

602 

850464 

2074748MH 

14.3311 

8..W67 

52» 

37X7S4 

147 1 97%  J 

22.9783 

8.0K-2J 

593 

861649 

2y8527KJ7 

24.3516 

8.4014 

5A 

37^^41 

148tt?5f»H9 

28. 

8.0H7A 

501 

S62K:f6 

20«J.'>h»5H4 

24.3721 

8.4061 

aao 

14«f7iOOO 

S8.0217 

8.0O27 

596 

354025 

210644875 

24.39M 

8.4106 

BSl 

281961 

149T2I291 

23.0434 

8.0078 

506 

855216 

211708736 

34.4131 

8.4155 

532 

a»m 

160668788 

33.0661 

8.1028 

907 

856409 

212776173 

24.4336 

8.4202 

SSS 

wto» 

16Ut9t.'t7 

23.08l« 

8.1079 

608 

857604 

213847192 

24.4640 

8.4249 

as4 

385156 

ISffT.XWM 

23.1084 

8.1130 

580 

868801 

214021799 

24.4745 

8.4296 

BS5 

3B833S 

153130375 

33.1301 

8.1180 

800 

860000 

218000000 

34.4949 

£.4343 

586 

3B7398 

153900666 

33.1517 

8.1231 

601 

861201 

217081801 

24.5153 

8.439r 

S8T 

3»sM» 

164S>4I53 

23.1733 

8.12H1 

602 

862404 

218167208 

24.6367 

8.4487 

5» 

135730S72 

3n.l»l8 

8.1:B2 

003 

863009 

219256227 

24.65bl 

8.448f 

539 

2»a>2l 

l36J0aril9 

23.2164 

8.i:i«2 

»H 

364816 

220348861 

24.5764 

8.4580 

6M 

2»1800 

167464000 

23.2379 

8.1433 

806 

866025 

221446126 

14.5967 

8.4677 

6«1 

393881 

158840421 

23.3584 

8.1483 

006 

867336 

222545016 

24.6171 

8.4623 

543 

380764 

150MIWH8 

23.a«9 

8.1633 

607 

868449 

223648543 

24.8374 

8.4670 

5tf 

Ttttin 

leolfttOOT 

23.3024 

8.168:} 

008 

869664 

224755712 

24.6577 

8.4716 

M4 

tm» 

ieo»«iH4 

23.32:» 

8.1633 

600 

870881 

2258fi6a2S 

24.6779 

8.4:08 

&i& 

397035 

161878626 

23.3462 

8.1683 

610 

n2ioo 

326981000 

34.6082 

8.480O 

&M 

39S116 

162niS98 

23.9686 

8.1738 

611 

87SS21 

228009131 

24.7184 

8.4830 

S»7 

3s»a» 

163887323 

23.3HH0 

8.1783 

612 

374544 

229220928 

24.73%o 

8.4902 

548 

900304 

I»4568a»2 

Z3.40VI 

8.IH33 

613 

875769 

23«34«:W7 

24.7588 

8.4948 

•O 

901101 

IG546B149 

23.4307 

8.i>«a 

614 

37KM6 

231476544 

24.77VU 

8.4094 

550 

902300 

188876000 

23.4621 

8.1932 

615 

878225 

232608376 

M.799S 

8.6040 

S51 

aooeoi 

167284151 

23.4734 

8.1982 

616 

379456 

333744806 

14.619b 

8.5066 

isa 

904704 

168196806 

23.4047 

8.2031 

617 

380680 

234885113 

94.8305 

8.5132 

553 

906400 

ie9112:<n 

23^160 

8.2081 

618 

881924 

236029032 

24  8606 

8.5178 

5M 

906916 

170031464 

Zt.6372 

8.2130 

619 

883161 

2:<7 178659 

24.8797 

8.5224 

55» 

aoeiss 

170053076 

23.6684 

8.2180 

820 

384400 

238328000 

14.8998 

8.5270 

6SS 

800136 

171979616 

28.5797 

8.2229 

621 

886641 

2S948S06I 

14.9199 

8.6816 

557 

810249 

172908003 

23.6008 

8.2278 

622 

386884 

240641848 

24.9309 

8.5362 

558 

S11364 

173741113 

23.6X20 

82327 

628 

888129 

241804367 

24.9600 

8.6408 

55* 

S124M1 

23.6482 

8.2377 

624 

SM0376 

242970824 

24.9800 

C.5458 

MP 

813800 

175610000 

2S.08I.S 

8.2426 

625 

880625 

244140626 

35. 

8.6499 

SCI 

914731 

178568481 

23.6864 

8.2475 

026 

891876 

145.'tI4876 

35.0200 

8.564« 

582 

315844 

177604328 

23.7085 

8.2524 

627 

883129 

246491883 

15.0400 

8.6508 

588 

17B463547 

23.7276 

8.2573 

»a 

894384 

247673152 

K.0609 

8.5635 

«•« 

S18096 

179406144 

28.7487 

8  2621 

629 

806641 

248868188 

15.0790 

8.6681 

985 

819335 

180S62125 

93.7807 

8.2870 

630 

890900 

160047000 

15.0806 

8.6716 

888 

990856 

181321498 

18.7908 

6.2719 

631 

898161 

2612SO601 

15.1197 

8.5ni 

587 

331 4W 

182284383 

93.8118 

8.2768 

632 

8804/4 

'252435068 

25.1396 

8.6817 

588 

123624 

18S2604S2 

23.8328 

8.2816 

633 

400680 

253636187 

26.1605 

8.5862 

588 

333761 

184220009 

23.8687 

8.2866 

684 

401956 

2548^104 

25.1794 

8.5807 

5T0 

334900 

185198000 

18.8747 

8.2913 

685 

408225 

266047876 

85.1901 

8.5051 

sn 

338041 

18618»t11 

n.8066 

8.2962 

686 

257290468 

25.2190 

8.6907 

57t 

827184 

187140348 

n.9165 

8.3010 

687 

406700 

268474M63 

85.2380 

8.0048 

57S 

338339 

188IS351T 

28.9874 

8.8080 

688 

407044 

260804072 

25.2587 

8.6088 

574 

939«76 

180119391 

28.9588 

8.8107 

689 

408321 

igvmj 

25.2784 

S-5iS 

tl5 

1  100I8B875 

a.oi»i 

'      8.8165 

640 

400800 

itif^^ 

6.611T 

60 


TABIiE  of  Smsrcs,  Cubes*  Sqawre  Booto,  and  Cube 
of  Jfambers  Apom  1  to 


SQUARES,  CUBES,  AND  ROOTS. 

jre  Booto,  an« 

.  1000~(Ck)irniiusi».) 


) 


sro. 

Bqujore. 

OalM. 

Sq.Bfc 

aBt. 

Na 

BqiUM. 

Cube. 

8q.Bt. 

O.UU 

•41 

410««1 

263374721 

25.3180 

8.6222 

706 

496438 

351895816 

26.5707 

8.90«S 

MS 

41'J164 

264609288 

25.3377 

8.«i67 

707 

499849 

S533U:{2I3 

26..S896 

8.90I1S 

•43 

413449 

265M7707 

25.3374 

8.6312 

708 

601264 

354894912 

3R.(i083 

8.9117 

•44 

414736 

267089984 

35.3772 

8.6:i37 

709 

502681 

336400R-J9 

26.6271 

8.910» 

•4ft 

416025 

S68S36126 

35.3980 

8.6401 

710 

604100 

8579110U0 

86.6458 

8.8S11 

•4« 

417318 

288586136 

35.4186 

8.6446 

711 

605621 

859486431 

36.0848 

8.8aas 

•17 

418809 

370840023 

25.4362 

8.6190 

712 

606944 

36094412H 

26.sas 

8.9886 

648 

419904 

272097792 

25.45S8 

8.(ioJ3 

713 

508368 

362467007 

26.7021 

8.88IT 

•49 

421301 

273339449 

35.4755 

8.U579 

714 

609796 

363994344 

26.7208 

8.9878 

•60 

42ZS00 

374623000 

86.4961 

8.6624 

716 

611226 

865625b73 

86.7896 

8.8430 

•51 

423801 

375894461 

86.5147 

8.6868 

716 

61S86^ 

367061806 

86.7683 

8.M«i 

•6a 

425104 

277167808 

35.5343 

8.6713 

717 

614089 

S6N601813 

86.7788 

8.8680 

•63 

426109 

r8445077 

35.3539 

8.6757 

718 

615524 

.S701 46232 

36.7966 

8.9645 

•64 

427716 

279726264 

25.5734 

8.6H01 

719 

510961 

371894959 

86.8142 

8.9587 

•65 

429026 

281011376 

25.5930 

8.6M6 

720 

618400 

873248000 

88.8328 

8.9888 

«U 

430338 

S82300416 

35.6125 

8.8890 

731 

619841 

874805361 

86.8514 

8.8no 

<6T 

431649 

283o933»3 

25.6320 

8.6934 

722 

521284 

376.1670IH 

36.8701 

8.9711 

•68 

432964 

iH4880312 

25.6516 

8.0978 

723 

877933067 

26.KhH7 

8.976r 

m» 

434281 

286191179 

25.6710 

8.7022 

724 

524176 

879303424 

26.U072 

8.9794 

•so 

43M00 

387496000 

25.0906 

8.7066 

725 

625626 

381078125 

36.9268 

8.9636 

•81 

438021 

288804781 

36.7009 

8.7110 

726 

627076 

882657176 

86.9444 

8.0878 

Ui 

43H244 

290117528 

25.7294 

8.7154 

727 

52K529 

8»42403«.J 

26.9639 

8.9018 

••s 

439369 

291434247 

25.74M8 

8.7196 

728 

529984 

SM3Ni8:iJ2 

26.9816 

8.90B0 

•84 

440896 

292754944 

85.7682 

6.7241 

729 

531U1 

3h7420489 

27. 

9. 

•86 

442226 

S94079625 

S6.7876 

8.7286 

730 

632900 

88901 70U0 

87.0186 

8.0041 

088 

443568 

896408298 

85.8070 

8.7389 

731 

634381 

890617801 

87.0370 

9.0001 

•87 

444«»9 

396740963 

35.8263 

8.7378 

732 

635824 

392223188 

37.0535 

9.0138 

•86 

446224 

398077632 

25.8467 

8.7416 

733 

637289 

.Wa32837 

37.0740 

9.0104 

•89 

447*61 

399418309 

25.8660 

8.7460 

734 

538756 

395446904 

37.0924 

9.O806 

870 

44«9g0 

800763000 

S5.88M 

8.7608 

735 

640226 

897065376 

37.1109 

9.084* 

871 

490241 

3031 11711 

85.9087 

8.7547 

736 

541808 

898688256 

17.1818 

9Mn 

879 

4615>>4 

303464448 

25.9230 

8.7590 

737 

543169 

400315533 

37.14n 

8.0888 

873 

452929 

304821217 

86.9422 

8.7634 

738 

644644 

401947272 

37.1662 

9.0880 

874 

464276 

806182024 

25.9615 

8.7677 

739 

646121 

40338.1419 

87.1816 

8.0410 

•75 

466626 

807646875 

85.9806 

8.7721 

740 

647600 

406224000 

n.8029 

9.0460 

878 

46607^ 

30881&776 

30. 

8.7764 

741 

649081 

406869021 

37.3313 

8.0401 

677 

468329 

S1028R7:iS 

26.0102 

8.7807 

742 

550564 

40«518488 

87.2397 

8.0681 

•78 

469684 

311060732 

26.0384 

8.7850 

743 

562049 

410172407 

37.2580 

9.0678 

«7» 

461041 

313046M9 

86.a->76 

8.7893 

744 

.VkVCW 

411830784 

37.2764 

0.0818 

•BO 

462400 

8144320U0 

88.0768 

8.7987 

746 

655026 

413493625 

37.2947 

8.0864 

881 

483761 

S158S1S41 

86.0060 

8.7980 

748 

656516 

415160036 

37.3130 

•.006« 

•ta 

465124 

317214368 

26.1151 

b.nm 

747 

53H009 

416KJ2723 

T7.S313 

9.0786 

tta 

4664«9 

31>«119H7 

26.1343 

8.8066 

748 

559504 

418308993 

27.3496 

9.0776 

•84 

467M56 

330013504 

96.15.H4 

8.8100 

749 

561U01 

4ail89749 

27.-3679 

9.0816 

•B6 

460226 

821419125 

36.1725 

8.8168 

760 

562600 

421876000 

37.3861 

9.0868 

•M 

470608 

829B288S6 

86.1918 

8.8194 

761 

664001 

423564751 

37.4044 

•  0888 

•87 

471989 

324242703 

26.2107 

8.H237 

752 

563504 

423-i3900N 

37.4286 

9.0087 

•RH 

473344 

825660672 

96.2288 

8.8280 

753 

fi4:70U9 

42HMU7777 

27.4408 

9.0077 

•80 

474721 

327082769 

86.2488 

8.8328 

7.V4 

3ftV>l6 

4-2S6610t>4 

37.4391 

9.1017 

•n 

476100 

828509000 

86.2679 

8.8388 

755 

57UU25 

430368876 

37.4773 

0.1067 

aBi 

4n481 

SS9939371 

26.2889 

8.8408 

756 

571538 

432081216 

27.4965 

9.1C08 

•03 

47KH64 

S31S7SHH8 

86.3059 

a»«5i 

737 

578049 

43:)7980»3 

27  3136 

9.1 138 

•H 

4M0249 

83*.i*l2357 

36.3249 

8.8493 

75« 

574564 

4.13319512 

27.3.118 

9.1178 

•04 

4H1636 

8.",42553M 

96.3439 

8.8536 

750 

576081 

4.171'45479 

27.3300 

9.1218 

•06 

489026 

&35702376 

86.8629 

a8578 

760 

677600 

438976000 

87.5661 

9.1866 

•&• 

484418 

837153536 

26.3818 

8.8631 

7«1 

579131 

440711081 

37.5882 

8.1288 

•or 

4^6809 

8SH60M8TH 

I6.4O08 

8.886S 

7«3 

580644 

4424507  »» 

27.tt>43 

9.1888 

497204 

84006KW2 

36.4197 

8.8706 

783 

582180 

444194947 

27  .♦.223 

8.1878 

•00 

48N»1 

8415:)2U99 

26.43K6 

8.8748 

764 

683606 

443SH3744 

'il.hHtJ 

9.1418 

TOO 

8430000U0 

86.4675 

8.8790 

786 

686286 

4470H7123 

27.(i3b6 

•.ItfO 

701 

491401 

344472101 

36.4761 

8.8888 

7C^ 

586768 

449466006 

27.6767 

0.1481 

70S 

492MM 

S45948UM 

26.4953 

8.8875 

767 

588288 

451217603 

27.6948 

••*S! 

708 

484200 

34742H927 

26.5141 

8  8917 

768 

588824 

452984832 

87.7128 

8.167? 

104 

496616 

S4J«ia064 

16.5330 

8.8060 

780 

591361 

454756009 

27.7308 

0.1811 

t06 

4t70S6 

860408835 

^6.«^|i^ 

8.8001 

770 

602900 

666688000 

jitized  by  VJ 

JbW 

•  l«6f 

8(^UAR£8,  CTTBIESy  AKD  BOOTB. 


TABJLE  off 


r  f^kiiDiAres^  Call 
off  If  ttiDl»ers  ffi 


l»<)l«i»r«  Roote,  and  Ciib«  ] 

m     1.     Co    lOOO  — (COKTIMUKD./ 


Vo.  I  BquAre. 


TTl        5»4Ml 

T73   ,      597J29 
77i        5»9n7« 


8q.  At.  1    C  XL^   I  Xro. 


4S4314011!  27.7609 

4^Vfif<i&it*.'  27.7849 

i61>v«»17  27. HOW 

44»6H4iS24  27.«J09 


775        fiOOtSS     1   46»4H437&\      27.S3W1 


4«T18«67«' 
4«M«743:'> 
47<»10!»3-i 
47:27-J913» 
474663030 


n.8S«8 
27.K747 
27.f«27 
27.91 0« 
27.9286 


V* 

vn  

1^  Sin»l4 

no  CMIQO 


47«S7«M1  S7.M4 

47*21 1 7«»*  27.i»S4a 

4>IU04^«H7  27.9821 

4ea73e8S  ».01T» 

I  48S50T«5«  28-<»57 

'    4-S7  44S405  2I*.0»S» 

I    4'«CVlCtM7i!  2«.0713 

I    4<*I1H9i)fi9  2».Of^l»l 

;  4»30390oo  a3-ioe» 


791  C35A81  49491M71 

79J  rraw  4»67«inK8 

793  83KM9  4»«77ij" 

794  'tSOlM  I   BOCfiMIHt 
193  63aftfi  I   50'l«a967o 


196  I 


2H.16     " 
2«.17«> 


5n63ill.^7n  ^5Ji5 

.VWl«95e2  ^^^ 

51008£W9l  TH.tSeO* 
5im>000O\ 

513922401  «-30S5 

5177«I6-i7l  ^-^^ 

51971H4ft4  ^-^J^ 


810 


S51149 

C52H64 
«&4481 
C56100 

«577n 
058944 


664225 


525o57»4al 
527514112\ 
5JSM7M291 
53144100*^ 

53S41 ITSl . 

53538T32»\ 
5.-i73«77W7 


«S.  44X77 
T8.426S 
%$«.4429 


M4 


«T404l 

C7&6M 

«rrr329 

C?'»7« 


S45-T»^13 
^73*3432 

\    55136»OaO 

'    557  441Tf57l 
,    .V»*7««l 


«».4781 
29.4II66 
28.5132 

9S.548S 

«S.5fBT 
2».58S2 
2».«007 
2I*.6I82 
28.6366 

2R.6M1 
2M.e7(» 

2fl.ffno 

28.7054 
2&.7238 


827  683Sr»  ^sSsmI  «.77» 

^1*3L      \    5?17S?O00  «.8097 

57S86«l»l|  ».8m 

J»«*      I    SSlWWSl  «-8964 


s.iase 
9.1 7se 
».1775 

».18 
9.1933 
-1W73 
9.2012 

9.ao&2 

9.-90l>1 
9.2130 
9.21 70 
9.2209 
9.2*/4« 

9.2!3«7 
9.2:f26 
9.23^ 
9.2404 
9.^449 


9.948t 
9.2521 
9.2560 
9.2500 
9.2638 

9.26n 
».271f 
9.2754 
9.279S 
9.»32 

9.2R70 
9.2900 
9.3948 
9.»8t 
9.3035 

9.306S 

9.310S 
9.3140 
9.3179 
9.3217 

9.SS5 
9.3294 
9.33SS 
9.3370 
9.3406 

9.3447 
9..')485 
9.352S 
9.3M1 
9.3509 

9.3837 
9.3675 
9..n3 
9.3751 
9.3789 

9.3Sn 
9.9865 
9.3902 
9.3940 
9.8978 

9.4016 
9.4063 
9.4001 
9.4129 

«.4ie6 


841 
842 
843 
844 
845 

846 
847 

848 
M9 


700569 
70r244 
701921 


710649 
712336 
714025 

715n6 
717400 
719104 
720H01 
732500 

724»1 
725904 
727fi09 
729316 
731025 

7S2736 
734449 

736164 
737881 


74182! 
743044 
744769 
746(96 
748235 

749096 

751689 
753424 
755161 
756900 

758641 

jefxxM 

762129 
76:}876 
765625 

767376 
769129 
770884 
772641 
774400 

776161 
777924 
779680 
781456 
783225 

784996 
7H6760 
788544 
79ai21 
793100 

798881 
795664 
797449 


802816 
804609 
806404 


584277056 
586376253 
5WM80I72 
5!I06«9719 
592704000 

594823321 
&1i6047688 
599077107 
601211584 
603361135 

6064MTS6 
607645423 
609800192 
611960049 
614125000 

616C95051 
618470208 
6'J0650477 
622836864 
62S096S75 

62732t016 
629422793 
631628712 
633839779 


636277381 
640508928 
642735647 
644872544 
647214625 

649461896 
651714363 
653972082 
656234909 
668603000 

660n6S1I 
663051848 
665338617 
667627621 
669921875 

673231876 
674536133 
676836152 
6791514.39 
681472000 

683797841 
686128968 
688465.W7 
690807104 
693154125 

695506456 

697864103 
700227072 
702595369 
704969000 

707347971 
709ra2288 
712l'219ri7 
7145169K4 
716W17375 

719S2S13A 
721734273 
7241507W 


8W201    72657M99 


62 


SQUARES,  CUBES,  AND  ROOTS. 


TABIiE  of  Sqiiarefl,  rnbcn,  Sqn»re  Rooto,  Hnd  €nbe 
of  lifumbera  from  1  to  1000— (Cjxtinued.) 


No. 

Square. 

Cube. 

8q.  Rt. 

CRt. 

No. 

Square. 

Cube. 

8,.KU 

CKt. 

901 

8I1S01 

7.U4:J.'701 

»M)i(>; 

9.(i.K<5 

951 

904J0I 

N»X)853.-il 

30.8183 

9.8339 

Wi 

iilUJUl 

7.tJ'*7o.y>M 

30.(W.J.{ 

9.ai20 

952 

w)&--n 

n;2^1408 

30.^545 

».tsn74 

903 

sijiu;! 

7.J«:tN:jj7 

ao.ujoo 

9.G65G 

953 

9asia9 

n;552:j177 

30.8707 

9.8408 

904 

H1TJI6 

7.W7JfcJ'.'C4 

so.otibtt 

9.<i6S»2 

954 

910116 

8O25066I 

30.8H69 

9.»44;t 

905 

8111025 

741217625 

aO.U832 

9.6727 

955 

912025 

870983875 

30.9031 

9.8477 

906 

8-»0*«« 

743677416 

30.0998 

9.6763 

95« 

91.1936 

87372?«16 

S0.9192 

98511 

907 

SJ.IUS 

74fll4J64.» 

S0.I1G4 

9.6799 

957 

91.VHI9 

h7(i467'l'j:'> 

:i0.9354 

9.854« 

908 

8.MUi4 

7  4H8nJI? 

so.ix;*) 

9.cw;j4 

U58 

917764 

879217912 

30.9516 

9.8SW 

909 

HifiiSl 

7:>IOH»42« 

so.  1 4>jn 

UW70 

959 

919681 

KH1974079 

30.9677 

9.8614 

910 

biblOO 

753571000 

30.1662 

9.1&W5 

900 

921G00 

884736000 

30.9839 

9.8648 

911 

8299X1 

756058931 

30.1828 

9.6941 

961 

92.1521 

887503681 

SI. 

9.M8S 

912 

H.il7U 

758550528 

so.issn 

9.«J»76 

9C2 

925144 

KtOnil2H 

31.0161 

9.8717 

91S 

8:iV>39 

7BI04H4U7 

30.21. VJ 

9.7012 

963 

927309 

8«;»056347 

31.0322 

9.8751 

914 

H.{:>;«i6 

731551944 

so/iTj-n 

9.7047 

961 

929296 

8'r>H41344 

81.0483 

9.8785 

913 

837225 

766000875 

30.2490 

9.7082 

965 

931225 

898032125 

31.0644 

9.8819 

9IC 

839056 

768.^75296 

30.2655 

9.7118 

966 

933156 

901428096 

81.0905 

9.88M 

917 

8MM89 

77l01»52i:i 

.W.WJO 

9.715.) 

967 

9.i:>U«4 

9042:!106;» 

SI  .0966 

9.8888 

918 

812721- 

77:m520«;jj 

:fo.-K-, 

9.7188 

968 

9:17024 

9r)7o;w2:t2 

81.1127 

9.8928 

919 

K4tjAl 

7781 5  LVk*! 

.'«4).  !!.•.<) 

9.7224 

969 

938961 

90985:1209 

31.1288 

9.895« 

910 

846400 

778688000 

3o.;ui5 

9.7259 

970 

940900 

91267300U 

31.1448 

9.8e3C 

m 

848341 

78I72966I 

SO.n480 

9.7291 

971 

942841 

915498611 

81.1009 

9.9014 

9n 

8J00H4 

7H.I7774IH 

r  .«45 

9.7.;jy 

972 

9447><4 

91K{;H)04H 

3I.17C9 

9.90» 

9X1 

8.'>l»29 

78fKW04«7 

3<'.JS«>J 

9.7;W>4 

973 

946729 

921167317 

31.1!n«» 

9.9093 

9lt4 

K,V«776 

7!<«*8>O024 

Srt.:»»74 

9.7400 

974 

948676 

924010124 

31.20110 

4.9126 

925 

hii«J5 

791453125 

30.4138 

9.74^ 

975 

950625 

926859375 

31.2250 

9.9189 

9M 

857176 

7940m76 

80.4.'»1 

9.7170 

976 

952576 

929714176 

81.2410 

9.9194 

927 

8J9«iJI 

79tt59798:J 

30.4167 

9.7505 

977 

9.>4529 

9:;a>74H.13 

31.2570 

9.9W7 

9-iH 

H6I1M4 

799178752 

30.46:<1 

9.7540 

97« 

956  484 

ji;i-.4  4i:i.".2 

SI.  27.10 

9.9261 

929 

saw  II 

8017a.'>0S» 

30.47a> 

9.7575 

979 

95K441 

5».i«<u:i7;;9 

SI. 2890 

P.9»5 

990 

864900 

8Oi;i570OO 

30.4959 

9.7610 

980 

960400 

941192000 

81.3050 

9.9829 

981 

866761 

806954491 

.•M).512S 

0.7645 

981 

962361 

944076141 

81.3209 

9.936S 

932 

MJVS624 

NW557.VJS 

30.^iM7 

9.;«i-o 

982 

964.124 

946966168 

81.3:{69 

9.9396 

93.1 

»70W9 

8lLMfif,2{7 

.'t4)..4.')0 

9.7715 

983 

W6'2f<9 

9»!»H,]20,H7 

81.3528 

9.9430 

934 

87  2.136 

hll7.S0504 

30..V>14 

9.7750 

9»4 

968256 

9527<i;i»04 

81..16.S8 

9.9464 

985 

871225 

817400^75 

30.5778 

9.7785 

985 

970225 

955671625 

81.3M7 

9.9491 

936 

876096 

8200iVir>fi 

80..'»941 

9.7819 

986 

972196 

9->S585256 

81.4006 

9.9581 

937 

877969 

H.'.f».->a'j.->.< 

.'»i».r.io5 

9.7854 

9«7 

974169 

9t>l.')04Nl,-{ 

S1.41G6 

9.9665 

9»8 

879S44 

sr.«j;r,7.' 

SO.CJfV* 

9.7HH9 

988 

970144 

9644:10272 

81.4.1-25 

9.9668 

Kt9 

KSI7.M 

H,»7«ia»i9 

»').»i4;u 

9.7921 

989 

978121 

w.7.'r,i«ai 

S1.44H4 

9.9631 

940 

NJJ6U0 

M05S1000 

3U.tM94 

9.7959 

990 

980100 

970299000 

81.4643 

9.90M 

941 

885481 

83.1237621 

30.67.S7 

9.7<»t« 

991 

982081 

971242271 

81.4808 

9.9M0 

942 

8S7:«4 

Kt.V><!».lHRM 

30.«B»'-i; 

9.'»0.'S 

992 

9M4(¥M 

5«;r,!i)U«vi 

81.4<K}0 

9.9738 

913 

8»02I9 

MK.')filH<)7 

Sn.7Hs.l 

9.M06.1 

993 

9-<6n49 

97yi46rM7 

31.5119 

9.9766 

944 

8»Ii:t6 

Mlifil'^l 

30.7 -'46 

9.S05I7 

9!*  4 

9HK036 

»H->1077H4 

Sl..^•.•78 

9.9800 

945 

8*1025 

843908625 

SO. 7 409 

9.8  laj 

995 

990025 

985074875 

31.5436 

9.9838 

946 

891916 

8465005.16 

.W.75T1 

9.8167 

996 

992016 

98804  7ai6 

81.^595 

99866 

947 

8%>(09 

8l«f27MI2.t 

80.7734 

y.>'Wi 

W7 

WMihW 

ii9io-.r.'i7:t 

.S1..',7.V1 

9.9900 

948 

K9H704 

K-)MI71.W? 

:{o.7H'n; 

O.S'.'.MJ 

JW>s 

VM.im 

WMOlHtirj 

.1I..VI1I 

».««« 

949 

90(M>ni 

K"i4».70{«*» 

3ii.H4).VS 

9.KJ70 

if-rj 

}»»»*0«)l 

w»7CKc.'"»«m 

.ii.r->70 

9.9967 

930 

902500 

K')7;i7.>(KH» 

.H0.-<2-'l 

9.M(»5 

louo 

1000000 

10.HtOOOOOO 

si.«:j2s 

10. 

1o  find  tlie  Hoaare  or  cube  of  any  wliole  nnnib«»r  en«llng 
with  elpberfi.    rirat,  omit  all  the  final  ciphern.    Take  Trutu  the  table  the 

»quar«  or  oube  («a  tb«  ea«*  maj  br)  of  the  mi  of  tbe  Dunber.  To  ibi«  coKor*  add  twiet  an  maoj 
elDhen  m  there  were  floal  cipbert  ia  tbe  original  number.  To  the  cub^  atid  lAree  timet  •>  naBf  ■• 
rathe  orUioal  number.  Thu«,  for  90600* ;  905S  =  .H19085.  Add  twice  2  oipbem.  obMln.nfSUOISWli 
Vor  905003.  mt  =  741217615.    Add  8  time*  1  elpben,  obutiulog  7418176250U0000. 
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SQUARE  AND  CUBE  ROOTS. 


Sqitare  RooUi  and 


Cube  Wi€H»tm  of  W ambers  trotxk  lOOO  to  lOOOO 

— (CoNTIirUED.) 


Nam. 

Sq.RL 

Cu.  Ri. 

Nam. 

Sq.  Rl. 

Ca.  Rl. 

Nam. 

.Sq.  Rl. 

ru.Ri. 

Num. 

Sq.  Ru 

CK. 

Z7W 

52.54 

ii.o;j 

3550 

60.68 

15.25 

4.140 

65.8« 

16.31 

"mso" 

71.62 

17.26 

»T70 

52.«3 

14.01 

3560 

60.67 

15.27 

4350 

6&.95 

16.32 

6140 

71.69 

17.26 

2780 

:2,73 

14.06 

9570 

60.75 

15.-28 

4360 

66  03 

16.34 

6150 

71.76 

17.27 

S790 

52.82 

14.08 

9580 

69.83 

15.30 

4370 

66.11 

16.35 

5160 

71.83 

17.28 

2800 

52.92 

14.09 

3590 

69.92 

15.31 

4380 

66.18 

16.16 

5170 

71.90 

17.29 

3810 

63.01 

14.11 

3600 

60.00 

15.33 

4390 

66.26 

16.37 

5180 

71.97 

17.90 

2820 

63.10 

14.13 

9610 

60.08 

15.84 

4400 

66.83 

16.39 

5190 

72.04 

17.31 

2890 

53.20 

14.14 

9620 

60.17 

15.35 

4410 

66.41 

16.40 

5200 

72.11 

17.92 

2840 

63.29 

14.16 

9690 

60.26 

15.37 

4420 

66.48 

16.41 

6210 

72.18 

17.94 

2850 

63.80 

14.18 

9640 

60.83 

15..16 

4430 

66  56 

16.42 

6220 

72.25 

17.35 

2800 

63.48 

14.19 

9650 

60.42 

15.40 

4440 

66.63 

16.44 

5230 

72.82 

17.96 

2870 

83.57 

14.21 

9600 

60.50 

15.41 

4450 

66.71 

16.45 

6240 

72.99 

17.97 

2880 

53.67 

14.23 

9670 

60.58 

15.42 

4460 

66.78 

16.46 

6260 

72.46 

1798 

2890 

58.76 

14.24 

9680 

60.66 

15.44 

4470 

66  86 

16.47 

5260 

72.63 

17.39 

2900 

63.85 

14.26 

9690 

80.75 

15.46 

4480 

66.93 

16.49 

5270 

72.69 

17.40 

2910 

53.94 

14.28 

9700 

CO.  83 

15.47 

4490 

67.01 

16  50 

6280 

72.66 

17.41 

B«0 

64.04 

14.29 

9710 

60.91 

15.48 

4500 

67.08 

16.61 

6290 

72.73 

17.12 

2930 

64.13 

14.31 

9720 

60.99 

15.49 

4510 

67.16 

16.62 

6.100 

72.80 

17.44 

29*0 

64.22 

14.33 

9790 

61.07 

15.61 

4.520 

67.23 

16.53 

5310 

72.87 

17.46 

2950 

64.31 

14.34 

9740 

61.16 

15.52 

4530 

67  81 

16.5.S 

5320 

72.94 

17.46 

2900 

64.41 

14.36 

3750 

61.24 

15.54 

4640 

67.18 

16..'« 

6330 

73.01 

17.47 

2970 

64.50 

14.37 

3760 

61.32 

15.55 

4550 

67.45 

16.57 

5340 

73.08 

17.48 

2980 

54.59 

14.39 

8770 

61.40 

15.56 

4560 

67.5;i 

16.58 

5.150 

73.14 

17.49 

2990 

54.68 

14.41 

3780 

61.48 

15.68 

4570 

67.60 

16.59 

5.100 

73.21 

17.50 

sooo 

64.77 

14.42 

3790 

61.56 

15.50 

4580 

67.68 

16.61 

&S-0 

73.2H 

17.61 

8010 

54.86 

14.44 

s>m 

61  64 

15.H0 

4590 

67.75 

16.62 

5:W) 

73.3,-. 

17.52 

9020 

64.95 

14.45 

3810 

61.73 

15.62 

4600 

67.H2 

16.63 

5.190 

73.42 

17.53 

SOW 

65.05 

14.47 

3820 

61.81 

15.63 

4610 

67.90 

16.64 

6400 

73.4K 

17.64 

S040 

55.14 

14.49 

8«W 

61.89 

15.65 

4620 

67.97 

16.66 

6410 

73.6:. 

17.56 

9050 

65.23 

14.50 

8840 

61.97 

15.66 

4630 

6l*.04 

16.67 

6420 

73.62 

17.67 

9060 

65.32 

14.52 

3850 

62.06 

15.67 

4640 

68.12 

16.68 

6490 

73.69 

17.68 

9070 

65.41 

14.53 

3860 

62.13 

15.09 

4650 

68.19 

16.69 

6440 

73.76 

17.59 

9080 

55.50 

14.55 

8870 

62.21 

15.70 

4660 

68.26 

16.70 

6460 

78.82 

17.60 

9090 

65.59 

14.57 

.8880 

62.29 

15.71 

4670 

68.84 

1§.71 

5460 

73.89 

17.61 

9100 

55.68 

14.58 

3890 

62.87 

15.73 

4680 

68.41 

16.73 

6470 

73.96 

17.69 

9110 

55.77 

11.60 

3900 

62.45 

15.74 

4690 

68.48 

16.74 

6480 

74.03 

17.69 

9120 

65.80 

14.61 

3910 

62.63 

15.73 

4700 

68  56 

16.75 

5490 

74.09 

17.64 

9130 

55.96 

11.63 

9920 

62.61 

1677 

4710 

6«.63 

16.76 

6500 

74.16 

17.66 

3140 

56.04 

14.64 

9930 

62.69 

15.78 

4720 

68.70 

16.77 

5610 

74.23 

17.66 

3150 

56.12 

11.66 

3940 

62.77 

15.79 

4730 

6H.77 

16.79 

5620 

74.80 

17.67 

3160 

66.21 

14.67 

.1950 

62.85 

15.81 

4740 

68.W 

16.80 

65.10 

74.36 

17.68 

3170 

66.30 

14.69 

.*I960 

62.93 

15.S2 

4750 

6t*.92 

16.81 

5640 

74.43 

17.09 

3180 

66.39 

14.71 

8970 

63.01 

15.M 

4760 

6H99 

16.82 

6550 

74.60 

17.71 

3190 

56.48 

14.72 

Jl9t^ 

63.09 

15.85 

4770 

69.07 

16.83 

6560 

74.67 

17.72 

3200 

56..'i7 

14.74 

8990 

68.17 

15.86 

4-Ki 

69.14 

16  H5 

5570 

74.63 

17.79 

3210 

56.66 

14.75 

4000 

68.25 

15.87 

4790 

60  21 

16  H6 

5580 

74.70 

17.74 

9220 

56.75 

14.77 

4010 

63.82 

15.89 

4KW 

60.28 

16.87 

6390 

74.77 

17.75 

9290 

56.  KJ 

14.78 

4020 

63.40 

15.90 

4H10 

69  35 

16.K8 

5600 

74.83 

17.76 

9240 

56.92 

14.80 

40.10 

63.48 

15.91 

4820 

69.43 

16  89 

6610 

74.90 

17.77 

9250 

57.01 

14  81 

4040 

63.56 

15.93 

4K30 

69.50 

16.90 

6«20 

74.97 

17.78 

9200 

57.10 

14.83 

4050 

63.64 

15  94 

4840 

69.57 

1692 

5630 

75.ai 

17.79 

3270 

57.18 

14.H 

4060 

61.72 

15.95 

4>-50 

69  64 

16.93 

5640 

75.10 

17.80 

8280 

57.27 

14.86 

4070 

6.180 

15.97 

4860 

69.71 

16.94 

6650 

75.17 

17.81 

3.J90 

57.36 

14.87 

4080 

63.87 

15.9H 

4870 

69.79 

16.«»5 

6660 

75.23 

17.82 

•iMO 

57.45 

14.89 

4090 

61.9:t 

15.99 

4HH) 

69.>*6 

16.96 

5670 

75.30 

17.88 

3.(10 

57.53 

14.90 

4100 

64.o:i 

16.01 

4890 

69.93 

16.97 

SfiW 

75.37 

17.84 

:il20 

57.62 

14.92 

4110 

64.11 

16.02 

4900 

70.00 

16.98 

5690 

75.43 

17.86 

3S30 

57.71 

14.93 

4120 

64.19 

16.03 

4910 

70.07 

17.00 

5700 

75.50 

17.86 

8940 

67.79 

14.95 

4130 

64.27 

16.04 

4920 

70.14 

17.01 

5710 

76.66 

17.87 

9350 

67.  »H 

14.96 

4140 

64.34 

1606 

49.10 

70.21 

17.02 

5720 

75.63 

17.»« 

8360 

57.97 

14.98 

4150 

64.42 

16.07 

4940 

70.29 

17.03 

5790 

75.70 

17.89 

9370 

68.05 

14.99 

4100 

64.50 

16.08 

4950 

70.36 

17.04 

5740 

75.76 

17.90 

m 

68.14 

15.01 

4170 

64.58 

16.10 

4960 

70.43 

17.05 

5750 

75.83 

17.92 

58.  ri 

15  02 

4180 

64.65 

16.11 

4970 

70.50 

17.07 

5760 

75  89 

17.93 

9400 

6M.31 

15.04 

4190 

64.73 

1612 

4980 

70.67 

17.08 

6770 

75.96 

17.94 

8410 

6H.40 

15.05 

4200 

64.81 

16.13 

4990 

70.64 

17.09 

6780 

76.03 

17J5 

9420 

6'».48 

15.07 

4210 

64.88 

16.15 

5000 

70.71 

17.10 

5790 

76.09 

17.96 

9430 

58.57 

15.08 

4220 

64.96 

16.16 

6010 

70.78 

17.11 

5800 

76.16 

17.97 

9440 

58.65 

15.10 

4230 

65.04 

16.17 

5020 

70.85 

17  12 

6810 

76.22 

17.98 

94a0 

68.74 

LVll 

4240 

65.12 

16.19 

5030 

70.92 

17.13 

5820 

76.29 

17.99 

9460 

68.82 

15.12 

4250 

65.19 

16.50 

5040 

70.99 

17.15 

58.10 

76.35 

18.06 

9470 

58.91 

15.14 

4260 

65.27 

16.21 

6050 

71.06 

17.16 

5M0 

76.42 

18.01 

9480 

58.99 

15.15 

4270 

66.35 

16.22 

8060 

71.13 

17.17 

5W0 

7649 

18.05 

9490 

59.08 

15.17 

4280 

65.42 

16.2* 

.V»70 

71.20 

17.18 

6860 

76.65 

18.08 

9500 

59.16 

15.18 

4290 

65.50 

16.25 

5080 

71.57 

17.19 

5K70 

76.62 

18.04 

9510 

59.25 

15.50 

4.100 

63  57 

16.26 

5090 

71.34 

17.20 

5K'0 

76.68 

18.06 

85W 

59.SS 

15.21 

4310 

65.65 

16.27 

6100 

71.41 

17.21 

5H90 

76.75 

18.06 

9630 

69.41 

15.23 

4.120 

65.73 

16.29 

6110 

71.48 

17.22 

5900 

76.81 

18,07 

U40 

59.60 

15.24 

4830 

66.80 

16J0 

6120 

71.66 

17.24. 

,n»^J 

76.88 

18.08 

ibers  flroBi  1000 


S«i.  Bt.    Co.  Bt.     Nam. 
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SQUARE  AND  CUBE  ROOTS. 
and  Cobe  Wtmoim  of  Bfainbers  irowa 

—  (GORTIMUID.) 


1000  !•!( 


Nam. 

aq-Rt- 

Co.  Bt 

Mom. 

8q.El. 

Co.  Bt. 

Num. 

Sq.Rt. 

Cu.  Bi. 

Nob. 

Bq.BL 

Oa.Bak 

^iieir 

»5.» 

80.86 

9890 

96.54 

31.04 

~9560~ 

97.73 

31.32 

9780 

98.80 

~nH 

toeo 

96.S4 

30.87 

9830 

96.50 

31.05 

9500 

97.78 

31.23 

9790 

98.94 

21.89 

9100 

»5.ao 

30.88 

9340 

96.64 

31.06 

9670 

97.83 

21.23 

9800 

98.99 

21.49 

mo 

95.4A 

30.88 

9350 

96.70 

31.07 

9680 

97.88 

21.24 

9810 

99.06 

21.41 

mao 

96.50 

30.80 

9900 

96.75 

31.07 

9580 

97.98 

21.25 

9020 

90.10 

21.41 

91S0 

05.55 

30.90 

9370 

96.80 

31.08 

9600 

97.98 

2l.'i6 

9830 

90.15 

21.42 

9140 

95.00 

30.91 

8380 

96.85 

31.09 

9610 

98.03 

21.26 

9840 

90.20 

21.43 

nso 

95.09 

30.93 

9390 

96.90 

31.10 

96i0 

98.06 

21.27 

9H50 

99.25 

21.44 

•IflO 

95.71 

30.93 

9400 

96.95 

31.10 

9630 

98,13 

21.28 

9860 

90.30 

21.44 

9170 

05.76 

30.83 

9410 

97.01 

31.11 

9640 

96.18 

21.28 

9870 

90.35 

21.46 

9180 

95.81 

80.94 

9430 

97.06 

31.13 

9650 

98.23 

21.29 

0880 

90.40 

21. 4S 

9190 

95.86 

30.95 

9430 

97.11 

31.13 

9600 

98.29 

21.30 

9890 

90.45 

21.47 

9100 

95.93 

30.95 

9440 

97.16 

31.18 

9670 

98.34 

21.30 

9900 

99.50 

21.47 

9110 

95.97 

30.96 

9450 

97.31 

31.14 

96N0 

98.39 

21.31 

9010 

90.55 

21.48 

9930 

96  03 

30.97 

9400 

97.36 

31.15 

9680 

98.U 

21.32 

9020 

90.60 

21.4* 

990 

96.07 

30.96 

9470 

97.31 

31.16 

9700 

98.49 

21.33 

9930 

90.66 

21.4* 

9940 

96.13 

30.96 

9480 

97.37 

31.16 

9710 

98.54 

31.33 

9040 

90.70 

tlM 

900 

96.18 

30.90 

9490 

97.42 

31.17 

9730 

98.59 

ilM 

9060 

90.75 

21.51 

990 

96.33 

31.00 

9600 

97.47 

31.16 

9730 

98.64 

21.35 

90.80 

21.59 

9170 

96.38 

31.01 

9610 

97.53 

31.19 

9740 

98.69 

21.36 

9070 

90.86 

21.61 

9IB0 

96.9 

31.01 

9530 

97.57 

31.19 

0750 

98.74 

21 J6 

9980 

90.90 

21.69 

990 

96.38 

31.03 

0530 

97.63 

21.30 

9760 

98.79 

21.37 

9990 

90.95 

21.64 

9M0 

96.44 

31.03 

RS40 

97.67 

21.21 

9770 

98.84 

21 J8 

10000 

IQOM 

11.64 

9S10 

96.48 

31.04 

To  fliicl  Square   or  Cube  Roots  of  larnr*^  nnmbem  not  cob* 
taiiiecl  in  the  column  of  numbers  of  tlie  table. 

8oob  roots  may  ■ometioiw  be  Ukcn  at  onoe  from  tb«  tablo,  bj  moreir  refarding  tbo  ooIobd*  «f 
powera  •■  belDg  oolamna  of  Donibera;  and  tboM  of  oambera  as  beioc  tbo*«  of  rooU.  Thus,  If  tlw 
«f  ft  of  25181  is  reqd,  first  flod  that  nombor  io  tb«  oolamn  of  »qHart»;  and  oppostto  to  it.  la  tka 
eolOBD  of  oasBbers,  is  its  sq  rt  159.  For  tb«  cube  rt  of  857375.  8nd  tbat  namber  in  tb«  eolitmn  ti 
ei*6«t;  and  opposite  to  it.  In  tb«  ool  of  nambers.  is  iu  eabe  rt  96.  Wbea  tbe  oxaet  namber  is  not  e 
taiaed  in  tbe  oolamn  of  sqaaree.  or  oobes.  as  tbe  case  maj  be,  we  may  use  InstMd  tbe  number  neai 
to  It,  if  no  treat  aecaraoy  is  reqd.  But  vben  a  oonsidcrable  degrse  of  aoeuraey  is  neeeasary,  tk« 
following  very  eorreet  metkods  maj  be  need. 

For  the  square  root. 

Tbls  role  applies  botb  to  wbole  nambers.  and  to  those  whieb  are  pard^  (not  wholly)  dedmaL  First, 
la  the  foregoing  manner,  uke  oat  tbe  ubular  namber.  which  is  nearest  to  the  giren  one ;  and  also  lia 
tabular  sq  rt.  Mult  this  tabular  number  by  3 :  to  the  prod  add  the  given  number.  Call  tbe  sum  ▲. 
Then  mult  the  girea  namber  by  3 ;  to  tbe  prod  add  the  tabular  number.  Call  the  sum  B.  Then 
A  :  B  :  :  Tabular  root  :  Beqd  root. 
Kx.  Let  the  given  number  be  040.58.  Here  we  And  the  neareet  tabolar  namber  to  ba  967 ;  aad  Hi 
Ubular  sqrt  30.7734.    Henoe. 

947=:tabBBm  ^  r  94A.53  =  givaa  aaa. 

J_i 

and      •<  2839.59 

I  947    =ubBaak 


97V.58  = 


13786.59  rrB. 


B. 

9786.59 


Tab  mot. 
80.7784 


BeqdreeC 

Then  9787.68    :    9786.59    :  :    80.7784    :    80.7657  -K 

The  root  aa  (band  hy  aetaal  mathematieal  process  is  also  80.7067  -fu 

For  tlie  cube  root. 

This  rule  applies  both  to  whole  numbers,  and  to  those  which  are  pmrOf  deelmal. 

tabular  number  whieb  Is  nearest  to  the  given  one ;  ami  also  Its  ubular  eabe  rt. 

number  by  2;  aad  to  the  prod  add  the  given  namber.    Call  the  sum  A.  Then  molt 

by  2;  aad  to  the  prod  add  the  tabular  number.    Call  the  sum  B.    ~' 

▲  :  B  :  :  Tabular  root  :  Reqd  r 

Bs.  Let  the  given  number  be  7308.    Here  we  fli 

06869;  aad-  -         -     - 


Then 


Mult  this 
the  given 


tabular 
Bumbar 


is)i«be« 


I  Its  ubular  eube  rt  19.    Beaca, 
6869  =  Ub  num. 


.  UM  neareet  tabular  namber  (te  tk«  ootama  at 


7966  =  given  aaak 


14786 
6859  =  tab  aask 


B. 
21506 


Tab  Boot.   ReqdRt. 
19      :      19.4686 


TWa,  as  X1086 

Tba  root  ae  tmad  by  eorreet  mathematical  preesee  Is  19.4aw.    TlM  engf  neer  ranly  r«inlr«a  mi 


SQUABB  ASD  CXTBS  BOOI8. 
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Ttrr  simple,  and  oorreM  lo  tk«  third  namerml  figvc  inola«lT«.  If  Um  bubI 
iMaft  ftT«  ftfvrcB,  emwmitmg  from  tkt/tnt  numtrml,  mmd  imekidtng  U,  add  OM  or  more  eipbcr*  to  mak« 
■v«u  If.  ftflor  th«K.  the  mfcoto  wiwitT  it  oot  wnuvble  into  tvoa,  add  another  dphar  to  makt  it  m. 
ThM  bcgiaaing  a»  th«  Irst  nnmeral  flfnre,  and  tnelodlnc  it,  amamo  tho  namber  to  bo  a  wholo  on*. 
In  tho  labia  find  the  nnmbar  nearart  to  this  anomed  ona ;  tak«  oat  Its  tabclar  sq  rt ;  move  th«  daal> 
■Ml  p^t  of  this  tabvlar  root  to  the  left,  km^u  many  plaoos  as  the  Onallj  modiflad  dtebmml  nnmbar 

Cx.  Wbat  ia  the  aq  rt  af  tho  deolmal  .003?  Hera.  In  order  to  hare  at  least  flve  decimal  flnrta. 
9Mtatia«  from  the  first  anmeral  (2).  and  inelodlng  it.  add  ciphers  thus,  .00.30.00.0.  Bat.  as  It  Is  net 
now  separable  iata  twee,  add  another  dpber,  thus.  .00,»,00.00.  Then  beglnnlnc  at  the  first  nameral 
12).  aesame  UU  decimal  to  be  the  whole  nomber  300000.  The  nearest  to  this  in  the  table  U  19W0O; 
Slid  tbe  aq  rt  of  this  Is  i47.  Hew.  the  decimal  number  as  finallj  modified,  oamelj.  .00.30,00,00,  bas 
eicbt  flfarsa :  eaehalf  of  which  la  4 ;  therefore,  move  the  decimal  point  of  the  root  447.  foar  piaeea  la 
tbe  icA;  maUnc  it  .•447.    This  Is  the  reqd  sq  rt  of  .008,  oorreet  to  the  third  nameral  7  ineladed. 

To  find  Uie  cvbe  root  of  a  nam^r  which  la  wholly  deelnuO. 


Tery  simple,  and  eerreet  to  the  third  nnoMral  Inelaslva. 

If  the  ■•mber  deee  ooc  eontatn  at  Isast  five  ficnres,  eonntlag  ttvm  the  first  nameral.  and  Incladinf 
It,  add  one  or  more  elphsri  to  make  flve^    If.  after  that,  the  namber  is  not  separable  Into  threes,  add 


one  or  mere  ciphers  to  make  ft  so.    Then  befinning  at  the  first  nameral,  and  tnclodinc  It.  assame 
tte  namber  to  be  a  whole  one.    In  the  Ubie  find  the  namber  nearest  to  this  assomed  one,  and  take 
oat  Itt  tabalar  eab  rt.    Move  tha  decimal  point  of  this  rt  to  the  left,  one- third  as  many  b' 
laally  auMliAed  rfscAMai  namber  has  figorcs. 

Ex.  Whails  the  enbert  of  the  decimal  .0087  Here,  hi  order  to  have  at  least  five  fignres,  eoantlaf 
Tnm  the  first  aaasrral  (3).  and  Ineloding  It.  add  ciphers  tbas,  .008.000.0.  Bat  as  It  is  not  now  lepar- 
able  Into  thrsea,  add  two  more  ciphers  to  make  it  so;  thas.  .002.000.000.   Then  beginoing  wiib  tba 


{ 


first  nameral  <8),  aname  the  decimal  to  be  the  whole  number  30000QO.  The  nearest  cobe  to  tbla  in 
tbe  table  ia  the  eolamn  of  cabas.  Is  3000176 ;  sod  iu  tobular  cube  rt  as  foand  in  the  ool  of  numbers. 
la  13fi.  New,  the  deetaud  namber  aa  finally  modified,  namely.  .002  000  000.  ban  nine  figures ;  ooe-tbird 
of  which  Ls  S:  therefore,  move  tbe  decimal  poiut  of  the  root  13S,  three  places  to  tbe  left,  making  H 
.131.    This  la  the  ra«dc«bart  of  thadoalmal  .008.  eemet  to  tfea  third  nameral  film 


nfth  roo 

tmmm 

i6l  fifth  powers. 

Power. 

5o.or 

RMt. 

Power. 

No.  or 
Boot. 

Power. 

No.  or 
Root. 

Power. 

No.  or 
Boot 

Power. 

No.  or 
Root. 

Power. 

No.  er 
Root. 

.0000100 

.1 

.000143 

.170 

.004319 

JS6 

•ornoo 

.60 

.605688 

.96 

811368 

1.6* 

000164 

.175 

.004544 

.840 

.61 

.783904 

.94 

0.86171 

1.54 

OOOOIIO 

.IM 

0O018* 

.180 

.ooiaw 

.*45 

.00161* 

.63 

.778781 

.96 

9.a»«9« 

1.66 

.000317 

.185 

.005353 

.850 

.090844 

.63 

.81537* 

.96 

0.84658 

1.66 

.oooiixa 

.104 

.000348 

.190 

.005638 

.855 

.107374 

.64 

.858734 

.97 

10.4858 

1.60 

000383 

.195 

.006047 

.9*0 

.116029 

.65 

.903931 

.98 

11.1577 

1.68 

.00001*4 

.100 

.000330 

.300 

.006478 

.965 

.125X33 

.66 

.0* 

11  8687 

1.64 

000963 

.306 

.OO8034 

.870 

.1*5013 

.67 

] 

1. 

13.6049 

1.66 

.0000147 

.108 

000408 

.310 

.007416 

J75 

.145*93 

.68 

l!l0406 

1.08 

13.8828 

1.68 

.0OOO141 

.110 

.000459 

.315 

.007024 

.v<o 

,156403 

.69 

1.21665 

1.04 

14.1986 

l.TO 

iM00i;6 

.113 

.OOOilS 

.330 

.006459 

.SSd 

.168070 

.70 

1.38828 

1.06 
1.08 

15.0537 
15.9495 

1.72 
1.74 

4M00I9S 

.114 

.000677 

.335 

.000023 

.890 

.18043* 

.71 

1.46BS9 

JMOOZIO 

.116 

.000644 

.330 

.000616 

J05 

.19*4*3 

.73 

1.61061 

1.10 

16.8874 

1.76 

.0000310 

.11* 

.000717 

.335 

.010340 

.400 

.207807 

.7* 

1.76334 

1.13 

17.8680 

1.78 

.0000340 

.130 

000796 

.340 

.011586 

.41 

.231901 

.74 

1.92541 

1.14 

18.8957 

1.60 

.0000370 

.133 

.00088* 

.345 

.019069 

.43 

.387806 

.75 

3.10084 

1.16 

19.9690 

1.82 

.OOO08H 

.134 

.ooor7 

.350 

.014701 

.a 

.36*55* 

.76 

3.28775 

1.18 

31.0006 

1.84 

.000001* 

.13* 

.001078 

.356 

.016403 

.44 

.270678 

.77 

3.488S3 

1.30 

22.2620 

1.86 

.0000044 

.13* 

.001188 

.300 

.016463 

.46 

.288717 

.78 

8.70271 

1.38 

23.4849 

1.88 

MUKW 

.1*0 

.001907 

.366 

.030606 

.46 

.807706 

.79 

2.98168 

1.34 

24.7610 

1.00 

ooooioi 

.1*3 

0014*5 

.no 

.088005 

.47 

.327680 

.60 

8.17580 

1.36 

26.0019 

1.98 

.0000433 

.134 

.00157* 

.975 

•0*5480 

.48 

.848878 

.81 

8.43597 

1.28 

27.4795 

1.04 

.0000405 

.10* 

.001731 

.380 

.038946 

.40 

.870740 

.83 

8.71393 

1.80 

28.9255 

1.96 

.!** 

.001880 

.985 

.001960 

.60 

899904 

.88 

4.00746 

1.32 

.10.4.117 

1.98 

,0000010 

.140 

.003051 

.300 

.06460* 

.51 

.418313 

.84 

4.82040 

1.84 

.1^.0000 

3.00 

'ooootn 

.143 

.0033*4 

.9*6 

.0*8030 

.6* 

.44*706 

.86 

4.65250 

1.86 

JW.2061 

3.05 

.144 

.003490 

.000 

.041830 

.69 

.470427 

.86 

5.00490 

1.88 

40.8410 

3.10 

jBOQOOOi 

.146 

.0030*0 

.806 

.046017 

.64 

.408431 

.87 

5.97824 

1.40 

45.9401 

8.16 

.0000710 

.14* 

.003863 

J10 

.060338 

M 

.527732 

.88 

5.77*5* 

1.43 

51.536.1 

3.30 

.0000754 

.150 

.003101 

J15 

.066073 

M 

.558406 

M 

6.19174 

1.44 

.57.6650 

2.36 

.OO0O0K 

.155 

.008*55 

.S90 

.060100 

.57 

.590400 

.90 

6.68388 

1.46 

64.8U84 

3.80 

.000100 

.100 

.008630 

J96 

.68 

.6240n 

.91 

7.10089 

1.46 

71.6703 

3.86 

J0oeu8 

Ji* 

.000014 

.990 

'.071409 

.60 

.660068 

.08 

7.60*76 

1.60 

79.6363 

9.40 

OtDttniifid  on  next  poge. 


Digitized  by  CiOOg  IC 
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Fifth  roots  and  flftli  powers— (Oontinaed). 


Poir«r. 

Boot. 

NO.OI 
Boot. 

Power. 

No.  01 
Boot. 

Power. 

No.  01 
Boot. 

Power. 

No.  or 
Boot. 

Power. 

S-i? 

(I8.-/7S5 

2.45 

2824.76 

4.90 

85873^ 

9.70 

2609193 

19.2 

10611148 

29.0 

458165024 

M. 

Vl.VMi 

2.50 

K971.84 

4.95 

9u;»2 

9.M) 

2747949 

19.4 

21228253 

29.2 

6032&4376 

56. 

107.J«0 

2.55 

3125.00 

5.00 

95099 

9.MI 

2892547 

19.6 

21965275 

29.4 

660731776 

66. 

net  814 

2.60 

3450.26 

6.10 

100000 

10.0 

S043I68 

19.8 

22722628 

29.6 

601683057 

*7. 

130.686 

2.65 

3i«2.04 

5.90 

110408 

10.2 

SiOOOOO 

10.0 

23500728 

29.8 

65635676b 

50. 

li3.489 

2.70 

41H1.96 

6.30 

121665 

10.4 

3363232 

10.2 

24300000 

30.0 

714824289 

•0. 

157.176 

2.75 

4591.65 

6.40 

133623 

10.6 

3533059 

20.4 

M393634 

30.6 

777000000 

00. 

172  104 

2  nO 

5032.84 

5.50 
6.60 

146933 

10.8 
11.0 

3709677 

20.6 

28629151 
31013642 

31.0 
11.6 

01. 

OX. 

iseioTB 

2!85 

5507  J2 

161U51 

3883289 

30!8 

916132832 

205.111 

2.90 

6016.92 

6.70 

170234 

11.2 

4084101 

31.0 

33564432 

81.0 

892436543 

ot. 

2-23.414 

2.96 

6563.67 

6.80 

192541 

11.4 

4283322 

21.2 

36259082 

32.6 

1073741824 

04. 

24.1.000 

1.00 

7149.24 

6.90 

210034 

11.6 

4488166 

21.4 

39136383 

38.0 

1160290625 

0&. 

283.996 

1.05 

7776.00 

6-00 

228776 

11.8 

4701850 

21.6 

42191410 

38.6 

1162333676 

00^ 

286.391 

8.10 

8446.96 

6.10 

148831 

12.0 

4923587 

21.8 

46436424 

34.0 

1850126107 

07. 

310  136 

3  15 

9161.83 

6.20 
6.30 

270271 

12.2 
11.4 

5153633 

21.0 

48875880 

34.6 
86.0 

1463833568 

08^ 
00. 

333.544 

8:20 

9924.37 

398163 

6392186 

31.1 

62521675 

1564031S4V 

362.691 

3.25 

10737 

6.40 

317580 

12.6 

5639493 

13.4 

66382167 

86.6 

168070000U 

TOl 

391.354 

3.30 

11603 

6.50 

843597 

12.8 

5t»J793 

11.6 

60466176 

360 

l804n9S61 

71. 

421.419 

3.36 

12523 

6.60 

371293 

13.0 

6161327 

12.8 

6478.1487 

366 

1834917632 

7a. 

454.354 

3.40 

13501 

6.70 

400746 

13.3 

23.0 

69343957 

37.0 

3073071508 

TIL 

4.W.760 

8.46 

M539 

6.80 

4:12040 

13.4 

6721093 

M.2 

74157715 

37.6 

2219006634 

T4. 

625.219 

3.60 

15640 

6.90 

465259 

13.6 

7015834 

23.4 

79235168 

38.0 

2373046876 

T&^ 

663.822 

3.55 

16807 

7.00 

500490 

13.8 

7320825 

23.6 

84687006 

38.6 

1586626376 

TO. 

604.082 

3.60 

18041 

7.10 

537824 

14.0 

7636332 

23.8 

90224199 

39.0 

2706784157 

7T. 

frl7.835 

3.65 

19349 

7.10 

677353 

14.2 

7962624 

14.0 

96168012 

39.5 

2887174368 

n. 

683.440 

3.70 

•-WSl 

7.80 

619174 

14.4 

8299976 

14.2 

102400000 

40.0 

3077056399 

78. 

741.677 

8.76 

7.40 

683383 

14.6 

8648666 

24.4 

108962013 

40.6 

3276800000 

80. 

792.352 

3.80 

23730 

7.60 

7100H2 

14.8 

9008978 

24.6 

115866101 

41.0 

S486764401 

8L 

845.870 

3.85 

25356 

T.60 

759376 

15.0 

9381200 

14.8 

123096020 

41.6 

3707396432 

81. 

902.242 

3.90 

27068 

7.70 

811368 

16.2 

9765625 

16.0 

130691232 

41.0 

3839040648 

81. 

961.580 

3.95 

28871 

7.80 

866171 

15.4 

10162550 

15.2 

138657910 

43.6 

4182119424 

84. 

1024.00 

4.00 

30771 

7.90 

913896 

15.6 

10572278 

15.4 

147008443 

a.o 

4437063126 

86. 

1089.62 

4.06 

6.00 

16.8 

10995116 

16.6 

155756638 

43.6 

4704270176 

86. 

1158.56 

4.10 

34868 

8.10 

1048576 

16.0 

11431377 

15.8 

164916324 

440 

4984108307 

87. 

1280.95 

4.15 

37074 

8.10 

I115ni 

16.1 

11881876 

16.0 

174501868 

44.6 

6277319168 

88. 

1306.91 
1386.68 
1470.06 

4.10 
4.16 
4.80 

i9aM 

41811 
44.V71 

8.30 
8.40 
8.80 

1186367 
1360496 
1338278 

16.4 
16.6 
16.8 

11346437 
12823886 
13317056 

16.2 
16.4 
16.6 

184528125 
195010045 
206962976 

46.0 
46.6 
46.0 

88. 
80. 
81. 

5804900000 
6140621461 

1557.67 

4.36 

47043- 

8.60 

1419857 

17.0 

13815281 

18.8 

217401615 

466 

6690816232 

81. 

1649.16 

4.40 

49841 

8.70 

1506866 

17.1 

14848007 

17.0 

129346007 

47.0 

98. 

1745.02 

4.46 

52778 

8.80 

1594947 

17.4 

14888280 

17.2 

241806643 

47.6 

7839040234 

•4. 

1845.16 

4.60 

56841 

8.90 

1688742 

17.6 

16443752 

r.4 

264803968 

48.0 

7737809875 

96. 

1950.10 

4.66 

50049 

9.00 

I786H06 

17.8 

I60I5681 

17.6 

i6e364383 

48.6 

8163718876 

86. 

2059.63 

4.60 

62408 

9.10 

1889568 

18.0 

16604430 

17.8 

282475249 

48.0 

8687840*7 

87. 

2174.08 

4.66 

66908 

9.10 

1986803 

18.1 

17210866 

1M.0 

397184391 

48.5 

9088107968 

88. 

2210.46 

4.70 

69669 

9.80 

2100061 

18.4 

17888868 

18.1 

{11500000 

6A.0 

88. 

2418.07 

4.76 

78390 

9.40 

2226203 

18.6 

18475309 

18.4 

345015251 

61. 

2648.04 

4.80 

77378 

9.60 

284MB3 

18.8 

19185076 

18.6 

380204ai2 

63. 

1688.64 

4.85 

81637 

9.60 

1476089 

19.0 

19818657 

18.8 

418196483 

63. 

0qiisro  roots  of  liftli  powors  of  nnibors,  l/n?, 
or  %  powers  of  nmnbers,  b%. 

See  table,  page  69. 

The  column  headed  "  12  n  "  facilitates  the  use  of  the  table  in  caseo  where, 
for  instance,  the  qaaotitj  is  giren  in  ineheSf  and  where  it  is  desired  to  obtain 
the  %  power  of  the  same  quantity  in  feel.  Thus,  suppose  we  have  a  %  inch 
pipe,  and  we  require  the  %  power  01  the  diameter  in  feet.  Find  %  (the 
diameter,  in  inches)  in  the  column  headed/*  12  n,**  opposite  which,  in  the  column 
headed  '*n,**  is  0.041666  (the  diameter,  in  feet),  and,  in  column  headed  «*n%,»> 
0.00085  (the  %  power  of  the  diameter,  0.041666,  in  feet). 

Values  of  n,  ending  in  0  or  in  6,  are  exact  ralues.  All  others  eod  in  lepeaU 
Ukg  decimals.    Thus :  n  »  0.062063  signifies  n  ->  0.052083S8S 
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oriiftte 


»^r«rs  of  nnaibera.    See  pege  68. 


Un' 


n^      fl2u 


29 

90 

31 

32 

33 

34 

35 

36 

37 

88 

39 

40 
41 
42 
43 
44 
45 
46 
47 
48 


Maoais«;o.ooao63 

kOMiW  0.000173 
>^aMl«66  0.000834 
s^,  0.092OS3  0.M)06I9 
^1 0.0625OO  O.00O977 
j|0.a72916  0.001436 

1  00ft»33  0.002005 
k0.093750  0.002G91 
k  0.104166  0.0039O2 
H0.1145R3  0.004444 
k0.12S0OO;O.OO5524 
^O.UHie  0.006748 
%iOM5S33  0.0O8lT£ 
;^0. 156250  0.009651 

2  0.1G6666  0.01134O 
3^01S7500aO15223 
k0.2»J333, 0.019811 
k  0.229166;  0.0251 41 

S  0.25000010.031250 
^  0.270683  0.038173 
S  0.291666  0.04S943 
^0.312500  0.054592' 

4  0.33333310.0641 — 
li  0.35416610.0746  _, 
14  0.375000,0.066115 
%  0.395833  0.098578 

5  0.416666  0.11207 
M  O.«n500.0. 12660 
yL  0.458333,0.14222 
^  0.479166  0.15893 

6  0.«XMMO\0.176r78 
H  0.541666\0.21S94 

7  0.583333^0.25989 
HQ«25QOO\0.30682 

8  0.666666  ,U.38Z89 
V4O.108333\0.42227 

9  0.750000\0.48714 
^  0.191666.0.55764 

10  O.8S3a33.0.633»4 
X  O.875000i0.7l618 

11       O.9l6666\0.80451 

>40.%8S33;o.8B9(y7 

12      l.«KWOO\l. 00000 

>4  1.041666;  1.1074 

IS      1.08333311.2215 

14  1.12500011.3424 

14  1.166666 1.4702 
>4  1.20S333  1.6060 

15  1.2500001.7469 
^  1.291666  1.8062 

16  1.383333,2.0528 
\i  1.S7500O  2.2170 

17  1.416666  2.8887 
^  1.45833312.5688 

18  1.500000  2.7557 
141.541666:2.9510 

19  1.583S33  3.1545 
J4  1.625000,3.8662 

20  1.666666 1 3.5861 
14  1.708333:3.8144 

21^  1.750000  4.0513 
34  1,791666  4.2968 


4.5510 
5.0859 
5.6569 
6.2647 
6.9100 
7.5938 
8.3165 
9.0791 
9.8821 
10.726 
11.612 
12.541 
13.513 
14.528 
15.588 
16.694 
17.845 
19.042 
20.286 
21.578 
22.918 
24.306 


22  -..., 

23  jl.9166' 

24  |2.00CM> 

25  12.0633 

26  I2.I666 

27  2.2500 

28  2.3333 
2.41 6e 
2.5000 
2.5833 
2.6666 
2.7500 

'2.8333 
2.9166 
3.0000 
3.0833 
3.1666 
3.254JO 
3.3333 
,3.4166 
'3.5000! 
'3.58331 
]3.6666 
,3.7500 

3.H333 

3.9166 
«  14.0000,    

49  \4.0833     33.693 

50  4.1666;    35.438 

51  \4.2500 

52  4.3333 
5a  4.4166 
54  4.5000 
65  14.5833 

56  14.6666 

57  4.7500 

58  4.8333 
89  14.9166 
eO  1 5.0000 

61  5.0833 

62  15.1666 

63  15.2500 

64  5.3333 

65  5.4166 

66  5.6000 

67  15.6833 

68  15.6666 

69  5.7500 

70  5.8383 

71  5.9166 
72,6.0000 

73  6 

74  6.1666 

75  6.2500 

76  6.8833 

77  6.4166 

78  6.6000 

79  6.5833 

80  6.6666 

81  6.7500 

82  6.8333 

83  6.9166 


27.282 
28.770 
30.359 
32.000 


87.237 
39.089 
40.996 
42.957 
44.973 
47.045 
49.174 
51.359 
53.602 
55.902 
68.260 
60.677 
68.154 


68.286 
70.943 
73.660 
76.440 
79.281 
82.186 
85.162 
88.182 
91.276 
94.434 
97.656 
100.94 
104.80 
107.72 
111.20 
114.76 
118.87 
122.06 
125.82 


12  n 


84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

102 

106 

108 

111 

114 

117 

120 

126 

132 

138 

144 

150 

156 

162 

168 

174 

180 

186 

192 

198 

204 

210 

216 

222 

228 

234 

240 

252 

264 

276 

288 

300 

812 

824 

336 

848 

860 

372 

884 

896 

408 

420 

432 

444 

456 


7.000 

7.088 

7.166 

7.250 

7.333 

7.416 

7.600 

7.583 

7.666 

7.750 

7.833 

7.916 

8000 

8.083 

8.166 

8.250 

8.883 

8.50 

8.75 

9.00 

9.25 

9.50 

9.75 

10.0 

10.5 

11.0 

11.5 

12.0 

12.5 

13.0 

13.5 

14.0 

14.6 

15.0 

15.5 

16.0 

16.5 

17.0 

17.5 

18.0 

18.5 

19.0 

19.5 

20 

21 

22 

23 

24 

25 

26 

27 


81 


bI 


129.64 
133.58 
187.50 
141.53 
145.63 
149.80 
154.06 
158.86 
162.75 
167.21 
171.74 
176.84 
181.02 
181.77 
190.60 
195.49 
200.47 
210.64 
226.47 
243w00 
260.23 
278.17 
296.83 
816.28 
357.26 
401.81 
448.48 
498.83 
552.43 
609.34 
669.63 
733.37 
800.61 
871.42 
945.87 
1024.0 
1106.9 
1191.6 
1281.1 
1374.6 
1472.1 
1573.6 
1679.1 
1788.9 
2020.9 
2270.2 
2687.0 
2821.8 
3125.0 
3446.9 
3788.0 
4148.5 
4528.9 
4929.5 
5350.6 
5792.6 
6255.8 
6740.6 
7247.2 
7776.0 
8327.8 
8901.4 
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70  LOGARITHMS. 

IjOiTArliliiiis. 

(1)  Tables  of  logarithms  greatly  facilitate  multiplication  and  diTiaionand 
the  finding  of  powers  and  roots  of  numbers.* 

(S)  The  tables  pp.  78  to  91  contain  the  eoninion,deeinialor  Brim^ 
loffariitain«  oi  numbers.  The  common  logarithm  of  a  number  is  the  ex- 
ponent or  index  of  that  number  as  a  power  of  10.  See  (18).  Thus :  1000  =  10», 
and  log  1000  (logarithm  of  1000)  =  S.00  000.  Similarly,  28,7  =  10  i.«T88,  and 
log  28.7  =»  1.45  m. 

(8)  In  general,  let  A  and  B  be  any  two  numbers,  and  k  any  exponent 
Then,  from  the  principle  of  powers  and  roots,  we  have 

(1)  logAB  =  logA  +  logB;       (2)  log  |  =  log  A  -  log  B; 


(3)  log  A*  =  Jk  aog  A) ;  (4)  log  ^/X  =  -^^- 

In  other  words:  — 

(1)  Log  of  product  =  sum  of  logs  of  factors. 

(2)  Log  of  quotient  =  log  of  dividend  —  log  of  divisor. 

Or  log  of  fhtction  —  log  of  numerator  —  log  of  denominator. 
(8)  Log  of  power  =  log  of  number,  multiplied  by  exponent. 
(4)  Log  of  root     a»  log  of  number,  divided  by  exponent. 
(4)  From  what  has  been  said,  it  follows  that 


Log 

100     «     log  10« 

=     2.00  000 

Log  0.1         =»   log  lO-i   -   1.00  ooot- 

Log 

10     =     log  10» 

=     1.00  000 

Log  0.01       «    log  10-«   =   2.00  000 

Log 

1     =     log  100 

«    0.00  ooot 

Log  0.001     =    log  ia-«  =   3.00  000 

(5)  Each  common  logarithm  is  a  mixed  number,  consisting  of  an  inUffral 
portion,  called  the  clittracterlsilc  or  index  {precediiip  the  decimal 
point),  and  a/radional  portion,  called  the  mantlaaa  (following  the  decimal 
point).  The  table  gives  only  the  manliata  of  each  log,  the  characteristic 
being  found  as  explained  below.  The  mantisM  is  always  positive.  The 
chamcteristic  is  equal  to  the  uiiinber  of  tlie  place  of  the  flrat  tigniiicaut  figure 
in  the  Dumber,  counting  from  the  unit  place  as  s«ro,  and  is  positive  for  whole  or 
mixed  numbers,  and  negative  for  fractious.    Thus :         _ 

log  2 4 6 0  0  =»  4.89  094;  log  0  .  0  0 0  0  4  -  5.00  206. 
41110  0    1 iS4a 

For  example: 

log  2870      =  8.46  788  log  0,287       =  1.45  788t 

"     287       =  2.45  788  "    0.0287     =  2.45  788 

"       28.7    =^  1.45  788  "    0.00287    =  8.45  788 

2.87  =  0.45  788  •*    0.000287  =  4.45  788 

It  will  be  noticed  that  the  mantissa  remains  constant  for  any  given  com- 
bination of  significant  figures  in  a  number,  wherever  the  decimal  point  in 
the  number  be  placed ;  while  the  characteristic  depends  solely  upon  the 
position  of  the  decimal  point  in  the  number. 

(6)  Let  the  number  be  resolved  Into  two  factors,  one  of  which  is  an 
integer  power  of  10,  while  the  other  is  greater  than  1  and  less  than  10.  Then 
the  index  of  the  power  of  10  is  the  characteristic  of  the  logarithm,  and  the 
losarithm  of  the  other  factor  is  the  mantissa.  Thus,  2870  =  1000  X  2.87  » 
lO*  X  2.87,  and  the  logarithm  of  2870  (8.46  788)  is  the  sum  of  the  exponent  3 
(or  3.00  000)  and  the  log  (0.45  788)  of  2.87.t 

*  Logarithms  not  being  exact  quantities,  operations  performed  with  them 
are  subject  to  some  inaccuracy,  especially  where  a  logarithm  is  multiplied 
by  a  large  number,  the  existing  error  being  thus  magnified.  Logarithms  of 
only  five  places  in  the  mantlasa  usually  suffice  for  calculations  with  num- 
bers of  four  or  five  places.  Greater  accuracy  is  obtained  by  the  use  of 
tables  of  logarithms  carried  out  to  seven  places. 

t  Log  1  -  log  \%  -  log  10-log  10  =.  1— 1  =  0 ;  or  1 «  lOO. 
Log  0.1  -  log  t\,  -  log  1  —  log  10  -=  0  —  1 «  1.0 ;  or  0.1  -  lO-i. 

1 0.287  =-  2.87  +  10.  Hence,  log  0.287  =  log  2.87  -  log  10  «  0.45  788-1, 
which,  for  convenience,  is  written  1.45  788.  See  (1(JJ.^^  ^i^ij^g^  l^og  0.028» 
—  log  2.87  —  log  100  =  0.45  788  —  2  =  2.45  788.  ^'  '^^    ^  o 
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(T)  To  find  tke  l«nrltlm  of  a  number.  The  short  table  on  pagei 
78,  79  giTea  logi  of  numbexs  up  to  1000.    The  longer  table,  pagec  80  to  91, 

glTQS 

The  mantissa  for  cocA  number  fh>m  1000  to  1750 

I  The  mauti&sa  for  each  even  number  fh>m  1750  to  8750 

I  The  mantiaaa  for  each  /^fth  number  from  8750  to  10000 

(S)  Logs  of  nsuabers  intemsedlate  of  those  given  in  the  tables  are 
found  by  simple  proportion.  The  procedure  necessary  in  these  cases  is 
explained  in  the  examples  given  in  connection  with  the  tables,  but  it  will 
often  be  found  sufBcieutly  accurate  to  use  the  log  of  the  nearest  number 
given  in  the  table,  neglecting  interpolation. 

Tli«  AsitllOirsurltlliiifformerlT  called  the  nam  laminumont*  logaritkmi). 
Is  the  number  eorrespondinc  to  s  gtven  logarithm.  Tha««,  log.  2  -^ 
0.30 108,  and  antiJog  0.30  103  -  2.    Usually  written :  "log.  -»  0.30  103  -  2." 

(9)  MnlilpUeftilon.  To  multiply  together  two  or  more  ntunbers,  add 
together  their  logs  and  find  the  antilog  of  their  sum.  See  Proportion 
(11)  below. 

(10}  IMTtelon.  Subtract  the  log  of  the  divisor  from  that  of  the  dividend, 
and  find  the  antilog  of  the  remainder.    See  Proportion  (11)  below. 

The  r«clproeal  of  any  number,  n,=    .    See  page  58.     Thus,  recip  2  »• 
2  =  OA.    Hence,  log  reclp  n  =  log     «  log  1  —  log  n  =  0  —  log  n. 
Similarly,  log  recip  -  =  log  — ^- =  0  — log -. 

Since »»-»  =  ni  = -,  n^-i  =  n©  =  -  =  l,nO-^  =n-»  =  ^,  and  «o_t  =  »-t 
n  n  n 

«  -,  It  follows  that  log  n-i  =  log  -  =  log  recip  n :  log  n-^  "^^^  ^  ~  ^^ 

lecip  n*,  etc. 

(11)  Proportion.    Example.  6.3023  :  290.19  =  1200.7  :  ? 

„   wi   ,    1^  (  Log   290.19      =2.46  269 

Multiply  Nos,      J  "1260.7        ^3.10  062 

Add  Logs.  (  j^^  290.19  X  1260.7       =  5.56  831 

Divide  Nos,         f  I^        6.3028=^0.79  950 

Subtract  Log.     \  Log  58051  =4.76  381 

The  true  value  is  5A049.05  + 

(DB)  Instead  of  subtracting  the  log  of  the  divisor,  we  mav  add  its  coloffs^ 
ritfem  or  Arlttametieol  eonaplement,  which  is  log  of  reciprocal 
of  divisor,  =  0  —  log  divisor  =  10  —  log  divisor  — 10.    Thus : 

152S 
8.382X8.655'" 
Log      1528  »   3.18  270 

Colog  8.332  =  10  —  log  3.332  —  10  =  10  —  0.52  270  —  10  =  9.47  730-10 
Oolog  8.655  =  10  —  log  8.665  — 10  =  10  —  0.98  727  —  10  «  9.06  273  —  10 
Sum  of  logs  and  oologs  «  21.72  273  —  20 

=  Log  52.818  =    1.72  273 
The  tme  value  is  52.8114  + 

(IS)  loTOlntion,  or  ftndlnff  powers  of  numbers.    Multiplv  log  of 
riven  number  by  the  exponent  of  the  required  power,  and  find  the  anti- 
log  of  the  product.    Thus :  36*  =:  7 
Lor  36  «  1.56  630.    1.55  630  X  8  »  4.66  890.    Antilog  4.66  890  =  46656. 

(14)  Evolntlon,  or  flndlnc  roots  of  numbers.  Divide  log  of  given 
iramber  by  exponent  of  requiredroot,  and  find  antilog  of  quotient.    Thus : 

Vl6«««?   Log 46666 « 4.06  890.  4.66  890 -i- 8 » 1.65 680.  Antilog  1^ 630 « 8ft 

(15)  Inwolntloii  uid  evolvtlon  of  frnotlona.  Hosattre 
Clumelerlstlcs.  Bear  in  mind  that  the  maMiua  is  always  jKwiltve. 
Examplss:  (I/>g  0.048  «=  2.68  124  -  0.68 124  -  2).    8«.,next^ap^g^^ 
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(1).    0.0481* -t  _ 

1.6  X  (0.68  124  -  2)  -J.02  186  —  8  =  2.02  186  =  log 0.01062  =  log 0.048l>. 

(2^.     ^0.0048  =  T    8.68  124  -8-  8  =  1.22  708  =  log  0.1687  =  loff  ^0.0048. 

(8).    But  if  the  negative  characteristic  is  not  exactly  divisible  by  the ^_ 

neiit,  dirision  in  the  usaal  wajr  would  give  erroneous  results.  In  such  cases  Add 
to  and  subtract  from  the  logarithin_,  any  multiple  of  the  exponent  greater  tban 
the  charaeteristia    Or  divide  mant  and  char  separately.    Thus:  ^^0.00048  »  ? 

Log  0.00048  »  468  124  »  6  +  4.68  124  —  6  Or:  0.68  124/3  —  4/8 

-  2.68124  —  6          0.22708     — 1.88S88 
IHTiding  by  8,  we  hara  0.89  875  —  2  

-  2.89  875         -log  0.0788  =  loK  1^0.00048. 

(16)  To  aTcld  InconTenience  Arom  the  use  of  neirative  clutr»ct«r» 
totics.  it  is  customary  to  modify  them  by  adding  10  to  them,  afterward 
deducting  each  such  10  fh>m  the  sum,  etc.,  of  the  logarithms.  Thus :  In 
multiplying  or  dividing  7425  by  0.25,  we  have 

either 


Multiplying. 

Dividing. 

log  7425 

-   8^070 

=  8.87  070 

log      0.25 

=   1.89  794 

=  1.89  794 

3.26  864 

10 

4.47  276 

=  8.87  070 
=  9.89  794- 

log  7426 
modified  log      0.25 

=    8.87  070 
=    9.39  794  — 

-10 

13.26  864  - 
«   8.26  864 

10 

6.47  276  +  10 
=  4.47  276 

In  most  cases  the  actual  process  of  deducting  the  added  teni  may  h% 
neglected,  the  nature  of  the  work  usually  being  such  that  an  error  so  great 
•a  that  arising  from  such  neglect  could  hardly  pass  unnoticed. 

(17)  To  divide  a  modified  lo«rarlttam,add  to  it  such  a  multiple  of 
10  as  will  make  the  sum  exceed  the  true  log  by  10  times  the  diyiaor.  Thus : 
to  divide  log  0.00048  by  8.  Log  0.00048  «  4.68  124,  which,  divided  by  S,  » 
2.89  875.    See  (15). 

Log  0.00048=    4.68  124 
Modified  log  0.00048  ^    6.68  124  —  10 

Add  2  X  10      20  —  20 

Dividing  by  8)  26768  124  -  30 

we  obtain  8.89  375  —  10,  which  ia  2.89  875  modified. 

(18)  Except  1,  any  number  can  (like  10)  be  made  the  base  of  a  system  of 
logarithms.  The  base  of  the  taypert»olie,  Napierian,  or  naiarml 
loyarittama,  much  used  in  steam  engineering,  is 

'  +  1  +  1X2  +  l-xhrs  +  1X2X3X4  +    "  '  "  "  =«■"««  + 
and  is  called  <  (epsilon)  or  e. 

M  =  logi  •«  (common  log  e)  =  0.43  429 ;  -^-.  =log  « 10  (hyperbolic  log  10)  =2.30  250. 
For  any  number,  n, 
log.  n  =  — ^J°- *  =  2.30259  log^o  n ;  logjo  n  =  M  log.  n  =  0.43429  log.  n 

(19)  Whatever  may  be  the  base  chosen  for  a  system  of  logs,  the  man* 
Hammm  of  the  logs  of  any  given  numbers  bear  a  eonstant  ratio  to  each 
other.  Thus,  in  any  system  of  logs,  log  4  ia  always  =  2  X  log  2,  and 
-^X  log  8,  etc.,  etc. 

(90)  liOffaritnmie  sinea,  tanarenta,  etc.  of  angles  are  the  logs  of 
the  lines,  tangento,  etc.  of  those  angles.  Thus,  sin  80°  =  0.5000000,  and  log 
■in  9CP  »  log.  0.5  =  L60  897,  usually  written  9.89  697  —  10,  or  simply  9.69  897. 

For  tablea  of  logarithmio  sines,  Ungenta,  etc.,  see  pp.  1029,  etc. 

(91)  Since  no  power  of  a  poeitive  number  can  be  negative,  negative  num- 
bers properly  have  no  logs;  but  operations  with  negrative  nam* 
bera  can  nevertheless  be  performed  by  means  of  logs,  by  treating  all  the 
iiunibera  as  poeitive  and  taking  care  to  use  the  proper  sign,  +  or  ~,  in  tb« 
result.  Thus:  required  the  8rd  power  of  (—2).  Log  2  »  0.80  108;  and 
8  X  0.30  103  =:  0.90  809  -  loff  8 :  but  (— 2)Smust  be  negative.    Uenoe  (—2)*  »  —8 
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The  I^osarlttainte  Cliftri  and  the  Slide  Rule. 

(1)  By  means  of  a  logarithmic  ehart  or  diain'am  (often  miscalled  losa- 
rfthmic  croM-section  paper)  lof^rlthmlc  operations  are  performed  graph i- 
calljr,  and  by  means  of  the  slide  rule  mechanically,  without  reference 
to  the  logarithms  themselves*.  But  seeti  P  76.  Their  use  greatly  facili- 
tates aaany  hydraulic  and  other  engineering  computations. 


(•)  The  ratio  between  the  mantissas  of  the  logs  of  any  given  numbew 
being  constant  for  all  systems  of  logs,  the  ratio  between  the  distances  laid 
oif  on  the  chart  or  slide  rule  is  the  same  for  all  systems,  and  the  use  of  tue 
chart  or  role  is  independent  of  the  system  of  logs  tuie4.^00gle 


f^ 
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(ft)  Tll«  1off»ritbiili«  ehArt  oonaista  primarily  of  a  square,*  on  the 
lidee  of  which  the  diatanoes  marked  )-2,  1-3,  etc.,  are  laid  off  by  scale 
aooordine  to  the  logs  (0.30  103,  0.47  712,  etc.)  of  2,  3,  etc.  Ordinary 
**equarBa"  or  CMMW  aecUon  paper  may  of  course  be  used  for  logm- 
ritmnic  plotting,  by  plotting  on  it  the  logt  instead  of  their  No§,  Unee 
representing  Noe.  may  be  drawn  in  their  proper  places  as  desired. 

(S)  As  ordinarilv  constnicted,^  the  slide  rule  consists  essentially  of 
four  scales.  A,  B,  0.  and  D,  see  (17).  scales  A  and  D  being  placed  on  the 
"  rule,"  while  B  and  C  ar^  placed  upon  the  sliding  piece,  or  "  sUde."  Aa 
in  the  logarithmic  chart^  see  (2),  the  scales  are  divided  logarithmiesLlly- 
(see  figure),  but  marked  with  the  numbert  corresponding  to  the  logs.  Scales 
A  anoB  are  equal,  as  are  also  scales  C  and  D.  but  a  given  length  on  A  or  B 
represents  a  logarithm  twice  as  great  as  on  C  or  D.  See  (4).  Hence,  each 
number  marked  on  A  is  the  ^qiuxre  of  the  coinciding  number  marked  on  D. 

(4)  A  single  logarithmic  scale  is  usually  numbered  from  1  to  10,  or  from 
10  to  ICk);  but  it  may  be  taken  as  representing  any  series  embracing  the 
numbers  from  10*  to  10*  + ';  as  from  0.1  to  1.0  (n  =  -1) ;  or  from  1.0  to 
10.0  (n  —  0);  or  from  10.0  to  IQO.O  (n  «  1);  or — etc.,  etc.  Here  n  and 
f»  -f  1  a^  the  etaraeterlaUee  of  the  correspondinj;  logarithms. 

A  single  scale  would  therefore  serve  for  all  valnes,  from  0  to  infinltv ; 
but  for  convenience  several  contiguous  scales  are  sometimes  added,  aa  In 
the  log  chart*. 

When  a  line  reaches  the  limit  of  a  square,  the  next  square  may  be 
entered*  or  the  same  square  mav  be  re-entered  at  a  point  directly  opposite. 
Thus,  in  the  case  of  line  xH  (»  -^i^. 


Line  marked 
zH 

between 

corresponds  to  values  of 

xflrom 

aOHtom 

1   and  3 
8]  and  S« 
8,  and  S. 
8.  and  H 

Ito      10 
10  to     81.62 
31.62  to    lOO 
100      to  1000 

1      to     4.64 

4.64  to    10 
10     to    21.54 
21.54  to  100 

Note  that  the  nnmbers,  marked  on  any  given  scale,  must  be  taken  as  10 
times  the  corresponding  numbers  marked  In  the  next  scale  preceding,  and 
the  characteristics  therefore  as  being  greater  by  1 ,  and  rice  versa.  Thus,  In 
our  figure,  log  1.5  +  log  2  =  1-1.6  +  1-2  «=  log  8  =  distance  1-M.  But 
log  15  +  log  20  =  (1-1.5  +  1-10)  +  (1-2  + 1-10),  so  that  the  characteristic 
ofthe  resulting  log  is  greater  by  2,  and  the  3  representing  the  product  of  16 
and  20  Is  really  In  the  second  square  to  the  right  of  that  shown.  In  finding 
rooU  of  numbers,  remember  that  multiplying  or  dividing  the  number  by 
0.1,  10,  100,  etc.  (».  e.,  changing  the  characterittic  of  its  log),  changes  slso 
the  mantUaa  of  the  log  of  its  root.  Thus,  ^2.7  =  1.39..,  (log  »  0.14  379): 
but  1^27  «  8,  aog  =»  0.47  712)  and  V"570  =  6.46  . . ,  (log  -  0.81 028).  The 
chart  or  rule  gives  aU  such  possible  roots,  and  care  must  be  taken  to  select 
the  proper  one.  Most  operations  exceed  the  limits  of  one  scale,  and  flicility 
.  in  using  either  Instrument  depends  largely  upon  the  ability  to  pass  readily 
and  correctly  fh)m  one  scale  to  another.  This  ability  is  best  gai  ned  by  prac- 
tice, aided  by  a  thorough  grasp  of  the  principles  Involved.  Where  several 
snccessive  operations  are  to  be  performed,  a  sliding  runner  or  marker 
(furnished  with  each  slide  rule)  is  used,  in  order  to  avoid  error  in  shifting 
the  slide.    Detailed  instructions  are  usually  ftirnlshed  with  the  slide  rule. 

(*)  A  common  form  of  chart  has  four  or  more  similar  squares  Joined 
together.  See  (4).  Our  figure  represents  one  complete  square,  with  por- 
tions of  adjoining  squares.  For  actual  nse,  both  charts  and  slide  rales 
are,  of  course,  much  more  finely  subdivided  than  in  our  figures,  which  are 
given  merely  to  illustrate  the  principles.  Carefully  engraved  charts  arc 
published  by  Mr.  John  R.  Freeman,  Providence.  R.  I. 

(1)  Other  forms  embodying  'he  same  principle  are :  The  "  Reaction  Scale 
and  (Jeneral  Slide  Rule,"  by  W.  H.  Breithaupt,  M.  Am.  Soc.  0.  E. ;  Sexton's 
Omnlmeter  or  Circular  Slide  Rule,  bv  Thaddens  Norris :  The  Ooodchild 
Computing  Chart ;  The  Thacher  Calculating  Machine  or  Cylindrical  Slide 
Rule :  The  Cox  Computers,  designed  for  special  formulas;  and  the  Pocket 
Oalculator.  issued  by  *'  The  Mechanical  Engineer,"  London. 
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Cf)  MvltiFllMiMMi  aad  dlTlalMi.  For  enmple.  8  X  1.5  »  f  On 
1-X,  in  the  chart,  or  on  G  or  D,  in  the  dide  rule,  the  ciiiitanee  1-1.6  repre- 
•ente  by  Mde  the  k«arithm  (0.17  600)  of  1.5,  and  1-2  represents  the 
logarithm  (0.90  103)  ol  2.  If  now  -we  add  these  two  distanoee  tpoether, 
hy  laying  off  1-2  from  1.5  on  1-X  of  the  chart,  or  by  placing  the  illde  aa 
in  the  figure,  we  obtain  the  distance  1-3  =  .47  712  =  the  mantlBsa  of  log  3 
or  of  log  (2  X  1.5)  •  Conversely,  to  divide  3  by  2,  we  graphically  or  mechani- 
cally aabtiact  1-2  from  1-8. 


3 1 1 r 1 1 r- 

X.09m.lM     OJO     OJ.      OJt     OJt     0l4      OJS 


— I 1 1 1 r 

0.7      O^      OJSf      1.0       t.l 


(6)  In  tta«  lofrarltkailc  elu^ri*  the  scales  of  both  axes,  1-X  and 
1-T,  being  equal,  a  line  1-H,  marked  s,  blsectlncr  the  square  and  form- 
ing an  angle  of  ASP  with  each  axis  (tan  ASP  »  l),t  will  bisect  also  the  intei^ 
sections  of  all  eq^a^  co-ordinates.  Thus,  points  in  the  line  x,  immediately 
over  2,  8,  4,  etc..  in  1-X,  are  also  opposite  2,  3,  4,  etc.,  respectively,  on 
1-Y.    See  (4).  ,  kf-  k-  ^ 

<7)  If  lines  2-A,  3-K,  etc.  (marked  2r,  8de,  etc.\  parallel  to  and  above 
1-H.  be  drawn  through  2,  3,  etc.,  on  1-Y.  then  points  in  such  lines,  im- 
mediately  orer  any  number,  z,  in  1-X,  will  be  respectively  opposite  the 


(*)  In  the  slide  rule,  with  the  slide  as  shown,  each  number  on  D  is  => 
1.5  X  the  coinciding  number  on  C. 

(t)  In  discussing  tangents  of  angles  on  log  chart,  we  refer  to  the  actual 
measured  distances,  as  shown  on  the  equally  divided  scales  of  log$  in  our 
flgares,  and  not  to  the  numben^  which,  for  mere  convenience,  are  markea 

C  B  10     _..    10_ 


€11  the  chart    Thus,  in  line  1-B,  tan  C  1 B  »=  .-^  —  ^ 


,  not 


2,15 
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ntimbera  glylng  the  products  2s,  3ar,  etc.,  on  1-Y;  while  similar  llnet. 
drawn  below  1-H  and  through  2,  8,  etc.,  on  1>X,  give  values  of  ^»  ^.  etc., 

respectively.    If  these  lines  v,*   a*  etc.,  be  produced  downward,  they  will 

cut  1-Y  (produced)  at  0.5  (=  J^J,  0J33  .  .  («  U),  etc.,  respectively.*   8ee  (4). 
(9)    Powers  and  rooCii.    If  a  line  z'^  be  drawn  tbrougb  1,  at  an  aoffle 

B,  1-X,  whose  tangent,  -*-j-*  is  2.  it  will  give  values  of  «».     Thus,  the  ver- 

l-Sjl 

tical  through  3,  on  1-X,  cuts  the  line  z*  opposite  9(=  8«)  on  1-Y.     Simi- 
larly, line  z^  (tangent  =>  3)  gives  values  of  x* ;  and  line  i^z  (tangent  =  5^ 

gives  values  of  x*  or  -^3^17    See  (4). 

(9)  Any  equation  or  the  form  y  =  Ca^  In  which  log  y  =  log  C  +  n  log  x, 
(such  as :  area  of  circle  =  ir  radiiis*),  is  represented,  on  a  logarithmic  chart, 
by  a  straight  line  so  drawn  that  the  tangent  T  of  its  angle  with  1-X  is  »  n. 
and  intersecting  1-Y  at  that  point  which  represents  the  value  C.  Thus, 
the  line  marked  v  a;*,  (tangent  =  2)  is  a  line  of  squares,  and,  being  drawn 
through  IT  (=  3.14. .)  on  1-Y,  it  gives  values  of  ir  z*.  Thus,  for  a  circle  of 
radius  2,  we  find,  in  the  line  v  «*  over  2,  apoint  L opposite  E, or  12.57. . . .  the 
area  of  such  eircle.f  Conversely,  having  area  =  12.57. . . ,  we  obtain,  rrom 
the  diagram,  radius  =  2. 

(10)  If  a  chart  is  to  be  used  for  solving  many  equations  of  a  single 
kind,  such  as  y  »•  C  ai*,  where  C  is  a  variable  ooefncient.  and  n  a  constant 
exponent,  parallel  lines,  forming  the  proper  ancle  with  1~X,  should  be  pennsk- 
nently  ruled  across  the  sheet  at  short  interv^s. 

(11)  For  any  log,  as  1-3  (=  log  8),  we  may  substitute  its  equal.  M-N 
or  3-N,  extending  to  the  central  diagonal  line  1-H,  marked  x;  and  then, 
since,  for  insUnce,  1-1.2  =  N-Q,  1-3  =  N-K,  etc.,  we  may  add  any  log 
(as  1-3)  by  moving  upward  from  line  z  (as  from  N  to  K)  or  to  the  n'ghf, 

'      *  .  .  .  .  .  .  g  ft-om  Nto  '"' 

'  operations, 
Thus: 

To  multiply  1.5  by  2  (=  8).  by  8  (=  9),  and  divide  by  2  (=-  4.6). 
F-G  =  1-F  =  log  1.5.    Add  G-J  «  1-2  =»  log  2;   sum  =  F-J  =  log  8  «  1-8  «- 
M-N.    Add  N-K  =  1-8  -  log  3;  sum  =  M-K  «  log  9  -  1-9  =  9-R.    Subtract 
R_T  =  1-2  =^  log  2 ;  remainder  =  9-T  =  log  4.6. 

For  an  example  of  the  application  of  this  principle  to  engineering  prob- 
lems, see  "  Diagrams  for  proportioning  wooden  beams  and  posts,"  by  Oarl 
8  Fogh.  "  Engineering  News'',  Sept.  27, 1894. 

(Iflh  MecntlTe  exponents.  Itx  is  in  the  diviaor,  the  line  will  Bl<n>e 
In  the  opposite  direction,  or  downward  ftom  left  to  right.  Thus,  line  M 
leaving  1-Y,  at  4,  and  forming,  with  1-X,  the  angle  X.  2.  4,  with  Ungent 

=  -^'^-•— •-.  -=  —  2,  represents  the  equation :  y  =  :  ,  =  4  x-« 
—  801 . .  .'  «' 

(IS)  If  the  lines  of  products,  powers,  and  roota,  C  «,  «•,  and  y^  etc.. 
«  drawn  at  angles  whose  tangents  are  less  by  1  than  those  of  the  angles 


and  BWJtract  any  log  (as  1-1.2)  bv  moving  dtncntoard  (as  from  N  to  Q)  or  to 
the  l^.    This  facilitates  the  performance  of  a  series  of  ( 


(14)  Powei*  and  rooto  by  the  rtlde  rnle.  Scales  C  and  D  being 
twice  as  large  as  scales  A  and  B,  these  scales,  with  their  ends  coinciding, 
form  a  Uble  of  squares  and  of  square  roots.  See  (S).  By  moving  the  "Ude 
we  solve  equations  of  the  forms  y  =  (C  «)■  and  y  =  C  z^.    Thus,  with  the 


(•)  In  each  of  these  lines,  the  product  of  the  two  numbers  at  its  ends  is 
=  10.  Thus,  in  line  2-A.  2  X  5  -  10 ;  In  S-K,  8  X  8.38  ...  -  10,  etc.  The 
chart  thus  ftimishes  a  table  of  reelpro«ni».  .^«^^i. 

(f)  Even  with  ftill-slse  charts  and  slide  rules  fbr  actual  use,  acenraey  is 
not  to  be  expected  beyond  the  third  or  fourth  significant  figure.    ^   ^    ^ 

(t)  A  chart  of  this  kind,  prepared  by  Major  Wm.  H^  Btxby,  U.  8.  A., 
after  the  method  of  Won  Tjilanne.  Corps  de  Fonts  etChaussJes,  France, 
is  published  by  Messrs.  John  Wiley  A  Sons,  New  Y^rk^by  fP&&^\^^^' 
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slide  as  ihown,  each  number  on  A  Ib  =  the  aquare  of  (1.6  X  the  coinciding 
number  on  C) ;  while,  with  1  on  B  opposite  1.5  on  A,  each  number  on  A  la  » 
Ui  X  the  square  of  the  coinciding  number  on  C. 

(IS)  Since  aH*  =  «•  X  x,  we  find  cubes  or  third  powers  by  placing  the 
alide  -with  1  on  B  opposite  x*  on  A  {i.  e.,  opposite  x  on  D),  see  (8),  and  read* 
in^  X*  from  A  opposite  z  on  B.  Thus,  1.5'  =  ?.  Place  1  on  B  opposlle  1.5  on 
D;  i,  «.,  opposite  1.5*  (=  2.25)  on  A.  Then,  on  A,  opposite  1.5  on  B,  find 
3.375  =  1.5*.  Or,  turn  the  slide  end  for  end.  Place  1.5  on  B  opposite  1.6 
on  D,  L  &,  opposite  1.5*  =  2.25  on  A.  Then,  adding  log  1.5  (on  B)  to  log  2.25 
on  A«  we  find  3.375  (^s  i^*)  on  A  opposite  1  on  B. 

CIS)  ConTersely,  to  find  i/x^  we  shift  the  slide  (in  its  normal  position) 
until  we  find,  on  B,  opposite  x  on  A,  the  same  number  as  we  have  on  D  op- 
posite 1  on  C%  and  this  number  will  be  =  f^i.' .  Or,  turn  the  slide  end 
for  end,*  place  1  on  C  opposite  x  on  A,  and  find,  on  B,  a  number  which 
coincides  with  its  equal  on  D.    This  number  is=  v^iT  See  also  (17),  (18). 

(17)    On  the  back  of  the  slide  is  usually  placed  a  scale  of  logs  (see  scale 
shown  below  the  mle  in  fisnre)  and  two  scales  of  angles,  marked  "  S  "  and         J 
M  .p  »  respectlTely,  for  finding  sines  of  angles  greater  than  0°  34' ...  '^  and        m 
tangents  of  angles  between  5^  42' ... "  and  45^.  ■ 

(19)  Placing  1  on  C  opposite  any  number  a;  on  D  (with  slide  in  its  normal  m 
iMNBitiou),  log  z  IS  read  fh)m  the  scale  of  logs  by  means  of  an  index  on  the  1 
Mck  of  the  mle.    The  logs  may  be  used  in  finding  powers  and  roots. 


i 


ij9    ojo    oa  o^    o.e  o^    1.0   1.9    1.4    i.c    1.9    3.0   ».i 

J I I i 1 1 I I I I I I I 

y    t  ■    I  , — 1 — I  ,  r   I  ,1  I  1 1  ,   ,  ,  ,  L , — I — 1,1    1  ,1  I  I  iTii 


r^ ^ .^1^         f  .    ?    ,       f     .^    f   J.Mfg) 

-^•*    \£I i£ g  9        4 5     a    7    8  tp  11^ 

_i 1 1 1 1 1 1 1 1 1 1 1        t 

ijf    ojo    oa    oj»    o^    o^    ojf    0.9   0.7    OiS   ojf    jr.o    la 


(!•)  To  find  the  Blue  or  ianyent  of  an  angle  a ;  bring  a.  on  scale  S  or 
T,  as  the  case  may  be,  opposite  the  index  on  back,  and  read  the  natural 
(not  logarithmic)  sine  or  tangent  opposite  10  at  the  end  of  A  or  D  :  sines  on 
B,  and  tangents  on  C.  Or,  invert  tne  slide,  placing  8  under  A,  and  T  over 
D,  with  the  ends  of  the  scales  coinciding.  Then  the  numbers  on  A  and  D 
are  the  sines  and  tangents,  respectively,  of  the  angles  on  S  and  T. 

Csuitton.   Sines        of  angles  less  than  b^Mtf  .. ."  are  less  than  0.1. 
u  4.        .7        ..        ..     9QO  «.      «4       .«      10 

Tangents  "       "  betw.  5°  42' . . . "  and  45° are  betw.  0.1  and  1.0. 

(S#)  On  the  back  of  the  rule  is  usually  printed  a  table  of  ratios  of  num- 
bets  in  common  use,  for  convenience  in  operating  with  the  slide  rule.  Thus : 

diameter  118    U.  8.  gallons        8    ,,         ,  *,**.. 

rinmmference  =  W  ■  "iS^."  =  »  »"  '  "Iven  quantity  of  water). 

(91)  Soaping  the  edees  of  the  slide  and  the  groove  in  which  it  runs,  will 
often  cure  sticking,  wnich  is  apt  to  be  very  annoying.  If  the  slide  is  too 
loose,  the  groove  may  be  deepened,  and  small  springs,  cut  from  narrow 
steel  tape,  Inserted  between  it  and  the  edge  of  the  slide. 


J«)    With  the  slide  thus  reversed,  and  with  the  ends  of  the  scales  coin* 
lingr*  the  numbers  on  A  and  B  are  reelproeais  (page  82),  as  are  also 
those  on  C  and  D. 
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LOGABirmis. 


LOGARITHMS  OF  mJMBERS  TO  lOOa 

For  UM  of  logarithmB,  see  pp.  70,  71  and  72. 
For  flY»-plac«  loKarlihms  of  numben  to  10,000,  see  pp.  80  to  ML. 


No. 

0 

1 

a 

3 

4 

5 

6 

7 

8 

8 

No. 

0 

0000 

3010 

4771 

6021 

6990 

7782 

8451 

9031 

9542 

O 

1 
2 
3 

0000 
3010 
4771 

0414 
3222 
4914 

0792 
3424 
5052 

1139 
3617 
5185 

1461 
3802 
5315 

1761 
3979 
5441 

2041 
4150 
5563 

2304 
4314 
5682 

2553 
4472 
5798 

2788 
4624 
5911 

I 
2 
3 

4 
5 
6 

6021 
6990 
7782 

6128 
7076 
7853 

6232 
7160 
7924 

6335 
7243 
7993 

6435 
7324 
8062 

6532 
7404 
8129 

6628 
7482 
8195 

6721 
7559 
8261 

6812 
7634 
8325 

6902 
7709 
8388 

4 
5 
6 

7 
8 

9 

8451 
9031 
9542 

8513 
9085 
9590 

8573 
9138 
9638 

8633 
9191 
9685 

8692 
9243 
9731 

8751 
9294 
9777 

8808 
9345 
9823 

8865 

9395 
9868 

8921 
9445 
9912 

8976 
9494 
9956 

7 
8 
9 

10 

0000 

0043 

0086 

0128 

0170 

0212 

0253 

0294 

0334 

0374 

10 

11 

12 
13 

0414 
0792 
1139 

0453 
0828 
1173 

0492 
0664 
1206 

0531 
0899 
1239 

0569 
0934 
1271 

0607 
0969 
1303 

0645 
1004 
1335 

0682 
1038 
1367 

0719 
1072 
1399 

0755 
1106 
1430 

11 
12 
13 

14 
IS 
16 

1461 
1761 
2041 

1492 
1790 
2068 

1523 
1818 
2095 

1553 
1847 
2122 

1584 
1875 
2148 

1614 
1903 
2175 

1644 
1931 
2201 

1673 
1959 
2227 

1703 
1987 
2253 

1732 
2014 
2279 

14 
15 
16 

17 
18 
19 

20 

2304 
2553 
2788- 

2330 
2577 
2810 

2355 
2601 
2833 

2380 
2625 
2856 

2405 
2648 
2878 

2430 
2672 
2900 

2455 
2695 
2923 

2480 
2718 
2945 

2504 
2742 
2967 

2529 

2765 
2989 

17 
18 
19 

3010 

3032 

3054 

3075 

3096 

3118 

3139 

3160 

3181 

3201 

20 

21 
22 
23 

3222 
3424 
3617 

3243 
3444 

3636 

3263 
3464 
3655 

3284 
3483 
3674 

3304 
3502 
3692 

3324 
3522 
3711 

3345 
3541 
3729 

3365 
3560 
3747 

3385 
3579 
3766 

3404 

3598 
3784 

23 

24 
25 
26 

3802 
3979 
4150 

3820 
3997 
4166 

3838 
4014 
4183 

3856 

3874 
4048 
4216 

3892 
4065 
4232 

3909 
4082 
4249 

3927 
4099 
4265 

3945 
4116 
4281 

3962 
4133 
4298 

24 

25 
26 

27 

28 
29 

4314 
4472 
4624 

4330 
4487 
4639 

4346 
4502 
4654 

^1 

4669 

4378 
4533 
4683 

4393 

4409 
4564 

4713 

4425 
4579 
4728 

4440 
4594 
4742 

4456 

4609 
4757 

27 
28 
29 

80 

4771 

4786 

4800 

4814 

4829 

4843 

4857 

4871 

4886 

4900 

30 

31 
32 
33 

4914 
5052 
5185 

4928 
5065 
5198 

4942 
5079 
5211 

4955 
5092 
5224 

4969 
5105 

5237 

4983 
5119 
5250 

4997 
5132 
5263 

5011 
5145 
5276 

5024 
5159 
5289 

5038 
5172 
5302 

31 
32 
33 

34 

5315 

5328 

mi 

5340 

1^ 

5353 

1^ 

5366 

5378 
5502 
5623 

5391 
5515 
5635 

5403 
5527 
5647 

5416 
5539 
5658 

5428 
5551 
5670 

34 

35 
36 

37 
38 
39 

5682 
5798 
5911 

5694 
5809 
5922 

5705 
5821 
5933 

5944 

5729 
5843 
5955 

5740 
5855 

5966 

5752 
5866 

5977 

5763 
5877 
5988 

5775 
5888 

5999 

5786 
5899 
6010 

37 
38 

39 

40 

6021 

6031 

6042 

6053 

6064 

6075 

6085 

6096 

6107 

6117 

40 

41 
42 
43 

6128 
6232 
6335 

6138 
6243 
6345 

6149 
6253 
6355 

6160 
6263 
6365 

6170 
6274 
6375 

6180 
6284 
6385 

6191 
6294 
6395 

6201 
6304 
6405 

6212 
6314 
6415 

6222 
6325 
6425 

41 
42 
43 

44 
45 

46 

6532 
6628 

6444 

6542 
6637 

6454 
6551 
6646 

6464 
6561 
6656 

6474 

6571 
6665 

6484 
6580 
6675 

6493 
6590 
6684 

6503 
6599 
6693 

6513 
6609 
6702 

6522 
6618 

6712 

44 
45 

46 

47 
48 
49 

6721 
6812 
6902 

6730 
6821 
6911 

6739 
6830 
6920 

6749 
6839 
6928 

6758 
6848 
6937 

6767 
6857 
6946 

6776 
6955 

6785 
6875 
6964 

6794 
6884 
6972 

6803 
6893 
6981 

47 
48 
49 

«0 

6990 

6998 

7007 

7016 

7024 

7033 

7042 

7050 

7059 

7067 

50 

Oi 
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OF  KUMBBIIS  TO  1000.    (Omtinneci 
Wow  oae  of  loBsrithms,  see  pp.  70,  71  and  72. 

loKarlthms  of  numben  to  10,000,  Me  yp.  8< 


9r<». 


8 


S 


iM» 


G990      6998     7007    7016    7024 


7033    7042    7050    7059   70< 


51 
52 

53 
54 
55 
56 
S7 
58 
59 


71<iO 
7243 
7324 
7404 
7H 


7634 
7709 


7168 
7251 
7332 
7412 
7490 
7566 
7642 
7716 


7093 
7177 
7259 
7340 
7419 
7497 
7574 
7649 
7723 


7101 
7185 
7267 
7348 
7427 
7505 
7582 
7657 
7731 


7110 
7193 
7275 
7356 
7435 
7513 
7589 
7664 
7738 


7118 
7202 
7284 
7364 
7443 
7520 
7597 
7672 
7745 


7126 
7210 
7292 
7372 
7451 
7528 
7604 
7679 
7752 


7135 
7218 
7300 
7380 
7459 
7536 
7612 
7686 
7760 


7143  71! 

7226  72^ 

7308  73] 

7388  73< 

7466  7« 

7543  751 

7619  76: 

7694  77< 

7767  7T 


7782      77»9     7796    7803    7810 


7818    7825    7832    7839   7» 


61  I  7«53 

62  I  7924 

63  I  7993 

-        «129 

8195 

261 


7860 
7931 


65 
66 
67 


69 


[70 


71 
72 
73 
74 
75 
76 
77 


8325 


8136 
8202 
8267 
8331 
8395 


7938 
8007 
8075 
8142 
8209 
8274 
8338 
8401 


7875 
7945 
8014 
8082 
8149 
8215 
8280 
8344 
8407 


7882 
7952 
8021 
8089 
8156 
8222 
8287 
8351 
8414 


7889 
7959 
8028 
8096 
8162 
8228 
8293 
8357 
8420 


7896 
7966 
8035 
8102 
8169 
8235 
8299 
8363 
8426 


7903 
7973 
8041 
8109 
8176 
8241 
8306 
8370 
8432 


7910  79] 

7980  791 

8048  80! 

8116  812 

8182  81< 

8248  82! 

8312  83] 

8376  831 

8439  84^ 


8451     8457     8463    8470   8476 


8482  8488  8494  8500  85< 


81 

82 
83 

84 
85 
86 
87 

80 

91 
92 
93 
94 
95 
96 
97 
98 
99 

hao\ 


8513 
8573 
8633 
8692 
8751 


8921 
8976 


8519 
8579 
8639 
8698 
8756 
8814 

8871 
8927 


8525 
8585 

8645 
8704 
8762 
8820 
8876 
8932 
8987 


8531 
8591 
8651 
8710 
8768 
8825 

8882 
8938 
8993 


8537 
8597 
8657 
8716 
8774 
8831 
8887 
8943 
8998 


8543  8S49 

8603  8609 

8663  8669 

8722  8727 

8779  8785 

8837  8842 

8893  8899 

8949  8954 

9004  9009 


8555 

8615 
8675 
8733 
8791 


8904 
8960 
9015 


8561  85< 

8621  86: 

8681  861 

8739  87' 

8797  8» 

8854  8& 

8910  89: 

8965  89* 

9020  90: 


OQ31     90369042    9047    9053 


9058  9063  9069  9074  90: 


9085 
9138 
9191 
9243 
9294 
9345 
9395 
9445 
9494 


9542 


9590 
9638 
968S 

9868 
9912 
9956 
OOOO 


9196 
9248 
9299 
9350 
9400 
9450 
9499 

9547 
9595 

9689 
9736 
9782 
9827 

9917 
9961 


9096 
9149 
9201 
9253 
9304 
9355 
9405 
9455 
9504 


9101 
9154 
9206 
9258 
9309 
9360 
9410 
9460 
9509 


9106 
9159 
9212 
9263 
9315 
9365 
9415 
9465 
9513 


9112 
9165 
9217 
9269 
9320 
9370 
9420 
9469 
9518 


9117 
9170 
9222 
9274 
9325 
9375 
9425 
9474 
9523 


9122 
9175 
9227 
9279 
9330 
9380 
9430 
9479 
9528 


9128  91. 

9180  911 

9232  92, 

9284  921 

9335  93^ 

9385  93< 

9435  94^ 

9484  941 

9533  95, 


9552  9557  9562 


9566  9571  9576  9581  951 


960O 
9647 

9694 
9741 
9786 
9832 
9877 
9921 
9965 


9605 
9652 
9699 
9745 
9791 
9836 
9881 
9926 
9969 


9609 
9657 
9703 
9750 
9795 
9641 
9886 
9930 
9974 


9614 
9661 
9708 
9754 
9800 
9845 
9890 
9934 
9978 


9619 
9666 
9713 
9759 
9805 
9650 
9694 
9939 
9983 


9624 
9671 
9717 
9764 
9809 
9854 
9699 
9943 
9967 


9628  96. 

9675  961 

9722  97: 

9768  9T 

9814  98 

9859  98< 

9903  99 

9948  99 

9991  99 


O009  0013  0017 


0022  0026  0030  0035  00 


yVjUUyi 
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Common  or  Bricks  I^ocarltlims. 


»10. 


Ko.   JLog.  2    Mo.     Log. 


) 


1000 

01 
02 
03 
04 
05 
06 
07 
08 
09 

1010 

11 

12 
13 
•14 
15 
16 
17 
18 
19 

1020 

21 
22 
23 
24 
25 
26 
27 
28 
29 

1030 

81 
82 
83 
84 
85 
86 
87 
88 
89 

1040 

41 
42 
43 
44 

45 
46 

47 
48 


00000 
043 

—087 
130 
173 

-217 

-250 
803 
346 


432' 


945] 


-«47i    , 

-775,« 
''^'43 

8604, 

43 
01030ifJ 

-242  J-^ 

—284 
—3261 
— S68| 


4521 

494 

--636 

78 

—620 

—662 

703 
74o 

-787 
828 
870 

—912 
953 

—995 

02036 


49  —078 


02119;: 

160!*i 
— 202*7 


—531 

-572 

612 

653 

694 

-7a5 

—776 

816 

867 


-423 


40 


—5431 

— 583r 
—623 


40 


-703; 


,40 


-743'39 
782|40 
822j40 
862  40 

-902  39 
941 
981 

04021 
060 
99  —100 


No. 


1100 

01 
02 
03 
04 
06 
06 
07 
08 


1110 

11 
12 
18 
14 
15 
16 
17 
18 
19 

1120 

21 
22 
23 
24 
25 
26 
27 
28 
29 

1130 

31 
82 
83 
34 
80 
36 
37 
88 
39 

1140 

41 

42 


041391, 
—179  J 

-111 

-297 1| 

493^ 

532!, 

6711^ 


Log. 


727 
766 
805 
844 


—922 
—961 

999 
05038 
—07 

115 
—154 

192 
—231 

269 

—308 
34G 

—385 

—423 
461 

--500 

—sas 

676 
614 
652 


—729 
'67 


38 
38 
38 
38 
37 
38 
38 

06032|^ 


—843 

-881 

918 

956 

9941 


Example: 

To  find  Ijog.  11826: 
Ix)g.  11830  =  07298 
Di^  =       10  36 

Log.  11820  =  07262 

11826—11820  =  6 
Dif.  for  6  under  36 

a22 

Log.  11826  =» 
07262  +  22  =»  072S4 


No. 


Log.  §     No. 


1150 

51 
62 
63 
54 
65 
66 
67 
68 


1160 

61 
62 
63 
64 
65 
66 


1170 

71 
72 
73 
74 
75 
76 
77 
78 
79 

1180 

81 
82 

84 
85 
86 
87 
88 


1190 

91 
92 
93 
94 
95 
96 
97 
98 


06070 
—108 

14.'> 
—183 
—221 

258 
—296 

333 
—371 

408 


—446 

48;} 

— «21 

—658 


87 
38 
37 


—633) 

-670| 

707 

744 

781 

—819 
—856 
—893 
—930 
—967 
07004 


—078 

—115 

151 

188 

—225 

—262 

298 

835 

—372 

408 

445 

—482 

518 


^555 
591 

— 62S 
664 
700 1 

—73 


36 
37 
36 
36 

^'37 
-J'36 

809  5? 
-846^ 

***-|36 


1200 

01 
02 
03 
04 
05 
06 
07 
08 
09 

1210 

11 
12 
13 
14 
16 
16 
17 
18 
19 

1220 

21 
22 
23 
24 
25 
26 
27 
28 
29 

1280 

31 
82 
83 
84 
85 
36 
87 
88 


Log.g 

07918  36 
954  36 
990  37 
08027^ 
-063  25 
-099  ?J 
-136^ 

— 207e« 
—243 


1240 

41 
42 
43 
44 

45 
46 

47 
48 
49 


186 


—279', 

814 ; 

850^ 

886 

-425; 

— 458|: 
493;: 
529|; 

—565; 

eooj; 


36 


707U 

"8|36 
-814'j; 

884^ 


—920 
955 


35 


—991 

09026'^ 

061» 

096J35 

—132'* 

-167135 

-202» 

— 237  p** 

272|35 

482^ 

-*^7  34 
6.56|J 


LOOABITHMB. 


81 


Ho.     L«ff.|5     Ho.     Log.  r 


BBO09esn 

51  [—726 

52  I    760 

53  ;     795 

54  '—890 


61 
62 
63 
64 
65 
66 
67 
68 
69 

71 
72 
7S 
74 
75 
76 
77 
78 
7» 


864 

-889 


—984; 

968: 

34 

087 
—072 

106 

140 
—175 

209, 

243 
—278 
—312 

846 


880 
-415 


85 
34 
84 
34 
34 
34 
34 
34 


—483 

—517 

551 

585 


— 721 
—756 
—789 
—823 
—857 
890 
924 
—958 
—992 


89  11029 

lS9o!— 069 
91 
92 
98 
94 
95 
96 
97 
98 
99 


126|5J 
—160*^ 

193 
-227 
—281 


ISOO'11894 

01  — «28 


461 


—528 
561 
06 
07 

08  1—661 
09 


ISIO 

11 

12 
13 
14 
IS 
16 
17 
18 
19 

isaa 

21 
22 
23 
24 
25 
26 
27 
28 
29 

ISSO 

81 


—860 


-926 
-9S0 
— 992y, 
12024^- 

067 

090  «„ 

128|g 

— 156'oQ 

2S4r^ 


83 
84 
86 
86 
37 
88 
89 

1S4M> 

41 
42 
43 
44 
45 
46 
47 
48 
49 


793^ 


885U 

-418^ 
450 
483 

—516 
548 

—581 
618 


—840^* 
872!|^ 


678 

710 

—748 
775 


—969 


82 


Ho.  Log.  5 


1S50 

51 
52 
53 
54 
55 
56 
57 


13«0 

61 
62 
63 
64 
65 


13088 
-066> 
—098 


67 


1870 

71 
72 
73 
74 
75 
76 
77 
78 
79 

1S80 

81 
82 
83 
84 
85 
86 
87 
88 
88 

1S»0 

91 
92 
98 
94 
95 
96 
97 


99 


To  find  Log.  12605: 
Lof^  12610  =»  10072 
Dlt »       10  US 

Log.  12600  =10087 

1§B05  —  12600  =»  5 
Dif.  for  9  onder  S5 

=  18 
Loc  12606  « 

1«»7  +  18  «  10055 

« 


—162 
—194 


32 


13 

32 

290  •^ 

--®"32 

-«86^.5 
-*^«|32 

32 
32 
32 
31 
32 


513 

545 

—577 

—609 

640 


672^2 


735 
767 
— 799,j 
880,f 


966 


14019 

—051 

082; 

—114 

—146! 

176  i 

—208 


-ill 


801 
—3831 
-364 
393 
426 
457 


— «20 
—551 
—582 


Ho.     Log.]  s 


1490 

01 


1410 

11 
12 
13 
14 

15  ;— 076j 

16  106' 


Ho. 


14618  7: 

-*75| 
-706  5 

-768,^1 

""799  30 

860^} 
891  1} 


—922 
-953 


15014 


17  |-137|} 

18  -168  I* 

19  198|; 


14S0 

21 
22 
28 
24 
26 
26 
27 
28 
29 

14S0 

81 
32 


—290, 
320 ' 

-351 
881 

-412;^ 
442, 


30 


131 


—584 
—6641 


34  —655 

85 

86 

87 


1440 

41 
42 


715 
—746 
—776 


836  30 
866  31 
—897!  "A 


43  -927,30 

44  -957'30 

45  '-987I30 

46  1 16017,^0 


48  I— 077 1 


30 


1450 

51 
52 
53 
54 
55 
56 
57 
58 
.  69 

1400 

61 
62 
63 
64 
65 
66 
67 
68 
09 

1470 

71 
72 
73 
74 
75 
76 
77 
78 
79 

1480 

81 
82 
83 
84 
85 
66 
87 
88 


1400 

91 
92 
98 
94 
95 
96 
97 
98 
99 


16187^ 
-167'* 


—197 
—227 


316; 
—3461 
—3761 
-406j 

435 

4651 
—495' 

524; 

554' 
—5841 

613 1 

643 
—673 

702 


30 
30 
29 

30 

30 


i 

( 


761129 
791  g 

-850'^ 

»79S 
909^ 


967 


30 


17026S, 
-<J56; 
-4)85i; 

114 

143!^ 
-173* 
-202'r 

231  : 

260' 


2P 


'29 


29 
*30 


— 819| 
-348 

—377 
-406 
435 
464 
493 
522 
551 
580 


29 


Vi 

S4 

M 

SS 

SI 

SO 

20 

4 

8 

8 

8 

8 

8 

8 

1 

7 

7 

7 

6 

6 

6 

6 

2 

11 

10 

10 

10 

9 

9 

9 

3 

14 

14 

13 

13 

12 

12 

12 

4 

18 

17 

17 

16 

16 

15 

15 

5 

21 

20 

20 

19 

19 

18 

17 

6 

26 

24 

28 

22 

22 

21 

20 

7 

28 

27 

26 

26 

26 

24 

23 

» 

82 

81 

80 

29 

28 

I  27 

26 

0 

A  «lasli  before 
or  after  a  log.  de- 
notes that  its  true 
value  is  leu  than 
the  tabular  value 
by  loss  than  half  a 
unit  in  the  last 
place.  Thus: 
Log.  1366«1854507 

"     1867«=1857686 


1AJ\*A.<»AA< 


O^niniini  or  Brinr*  I<off»riiliniS. 


--10. 


HA*     Lof ,  ^     Nft,     Lor-:g     So.     l-iot'  £     '^o-    I  Log.  |1   No.    |^-S 


ii 


ISOO 

ot 

02 

(a 

06 
€« 
07 
0» 
U9 

isio 

II 

12 
13 
Ii 
1.1 
l« 
J7 
lA 
19 


176(^ 


955  .V, 

— 3**.'«i 
1M18|^ 

■     tHll^ 
»— 0701-^ 

Meo  1A4I,., 
2t  — ^i;ti: 
2:i     ^41 :; 

25  -JI27P 
26'    aflf'^ 


27   -3*4 


2S 

2tt 


412 
41 


':^2« 


1JI50 

52 
54 


190.331 
061 


28 


\4fi\t 


m  -220  ^ 


59   —385 


'      ,2Hi 
340" 


10410 

Ii2 

M  -434  h;? 

63  I     4,11' .tjj 
Hfi       479i; 
(47  -507 1*^ 
6fl  ^—535 
69  '     562 


2a 


1ft  SO  I     469^™, 

St  I— *98  f 
82  -.1261:;; 
sa  I     f^Mlt^. 

as  — 6UI2J 

639  ou 

667;; 


1540 

41 
42 
4S 
44 
40 
M 
47 
48 


p724 

'    752I 
7^  ' 

—mi 

—MS 

— wi 


|2S 


977* 


28 


]9fm, 


isroH^ 

71    -618 
74!     700.;^ 

7.ft.  m^ 

7fl  '-7«i'g 
838X1 


77 


79 

laso 

81 
ft2 
83 
04 


B9l 
I5f»0 

m 

92 
93 
94 
9o 

m 

W7 
9M 
99 


893!^ 
??l27 

97f*'^ 
•linn  — 
,.yi:27 


06G 
112 


-14U 

lfi"^27 
1&4^^ 


—249 
27fi 
308 
330 

— JWfS  ^L 


1000  20412 

01 '     439 

02  I     466,, 

03  I     4W^\:yL 
W|     530  ;' 

05  ;_54«  :^ 

06  l-57f>.*: 

07  i-fi02  ;l 

08  —629^1 

09  :-656^i 


1 1  1—710 


:2fi 


13  (  763-- 

14  I  7i>fi'r^ 

i.-i  I  HI7 :;! 

16  I  844  ^1 

17'  B71 -: 


19  -*92Ji:r^ 


loan 

ft*  I 


Ie90  2l748 

51  —77ft 

52  I     801 
63  I     827 

54  ^-861 

55  —8801 
66',     906 


932 
958' 


IftOO  22011  .^ 


62 

m 


67 
6,^ 


lis: 


-itM :; 


6»,-2-lfi' 


lao  — 9«uif. 

2t  I     978  ^: 
22  21005  fl 

2:1  -032;*  j! 

24  '-059;.^^ 
2ft       0B5  ,f^ 

26  I    112 ,-;; 

28  I     165  ;l; 

29  192  Ji! 


leso 

31 
82 
33 


-2191 
245 1; 
272' 

— 20» 


n 


^*  26 

flfi    87R  ;^ 

37  1-405  i' 

3«       431  ,,. 

89  |-lfi8  j, 

1040      484L 

41  i-Mi':^ 

42       5;i7  n 

4H  _564 
44       590 


1670;— 272 

71  -231* 

72  \—^2i\ 


»  1-350, 
37fi  ^** 


4H1  ..^ 


479 


17O0  2304A 

01  I     070 


ieao-&3iL 

81  \-^'i-C 
H2  — 5h:-i  -V 

84       .^:il  -^! 

Ki  I-G6CJ :;' 

86  -6Sfi  :,? 

87  1-712;^ 


!  I     737i; 
89  —7631; 


-7a9|, 


26 


27 
45   -617|g 

4rf  1— 043;;S 

47  I     669  5? 

48  l-49fi  ni 

49  I     722  : ' 


leoo 

§1 

93  —8661:" 
94]     891'^' 


i2(5 
|26 


;26 
99  12^19  26 


fl6  1—9481 

97 

OR 


02 
03 
04 
OS 

06 
07 
06 
Qi 

1710 

11 

12 
13 
14 
15 
16 
17 
IS 
19 

1730 

21 

n 

23 
24 
25 
26 
27 
28 
29 


H0B6 

121 
—147 

172 
—198 

2S3 
-24JI 

274 


25 


— 3OO5 

—376 1 25 

*<»l25 
426; 


25 
26 
2S 
26 
25 
26 
2& 


477 

EOSI 

—528' 


l2« 
SS2& 


25 


578g 
-329^ 


26 


-4791 

704 

754  «j 


77!l 


26 


I7a0  — 806  2J 
31  —830  28 
n  1-856  25 

:i:i  1—880:25 


-906 


\25 


—930 125 
-955125 
^MO'^S 
24U06|- 
30   -030  2fi 


1740 

41 

42 
43 
44 
45 
46 
47 
48 
49 


-130|? 

-1551; 

--ISO 
204.^ 
229 
254 

-279 


24 


ExAiliplf*:  \ 

l/0«.  1^4l'0     -     IS»^ 

mt    •=    1»  ss 

Loif.  15410     =     18780 
15414  —  15410  =.  4 
I>tf.   for  4   under  »S 
=  11 
Log,  J  541 4  r, 

18780  +  11  =  18791 


seo  ss 

3 

6 

9  8 

12  11 

15  14 

17  '  17 

'JO  I  20 

23  22 

2G  I  26 


94 

2 
5 
7 
10 
12 
14 
17 
19 
22 


A  dash  bAfure 
.  or  Ati^T  a  loK.  de- 
»  I  nolee  tliii  It*  tru« 
1 1  Tiilui^  Is  teM  tlian 
'  ''  IhP  tabular  yiJuo 
by  lesa  then  hflU  a 
uttK  ia  the  lut 
placd.  Tttus; 
Loff.  IfiAtt-lfftlBlt 

idas-19 


>QGgre- 


LOGARITHMa. 


-!•. 


17S« 

52 
54 
56 

56 

1760 

62 
64 
66 
66 

177* 

72 
74 
76 
78 

179» 

82 
84 
86 


403  jO 


LarJg'    H«.     L6».|§    H*.     h09.]^    Ko.     Log.  §|  ■•.     L6g. 


—602  J 

748 
797I 
646 
895 
944 
993 


2S0«.g 

|-M4i« 


92 


98 

-479 

IMO 

627 

02 

^a 

04 

—624 

06 

-672 

06 

—720 

ISIO 

—768 

12 

—616 

14 

-864 

16 

—912 

16 

959 

MM 

26007 

22 

—ass 

94 

102, 

26 

1501 

28  —196 
MO'    245 

82  —J 

86^    387 
88  — 


42' 

48  I 


576 
628 
670 


18(M>  26717 


52 
64 

56 
58 

IMO 

62 
64 
66 
68 

1870 

72 
74 
76 
78 

IMO 

82 
84 
86 
88 

92 
94 
96 
98 

1999 

02 
04 
06 
08 

1910 

12 
14 
16 

18 


47 
764;47 

"'1'*^ 

651I47 
'  "47 


22 
24 
26 
28 
1080 
82 
84 
86 
88 

1040 

42 
44 

46 
48 


01. 
—188 

184 
281 

—277 
823 

-870 

-416 

-462 

608 

5541 

600 

692 
—788 
—784 
—880 

875 

921 

-987 

28012 


47 
46 
47 
46 
46 
47 
46 

46 
46 
46 
46 
46 
46 
46 
46 
46 
45 

46 
46 
45 
46 
45 

46 
45 
46 
45 
45 

880i 

875" 
-421 1« 

-61ljJ^ 
-601 1 J^ 

1« 
785 


108 
—149 

194 
-240 1 

—285, 


44 

45 

-Pl44 
— 959  i^^ 


To  flodL4ig.  18117: 
Lof.  18190  :-2S616 
IMt    20  49 

Log.  18100  »  25768 
18117  —  18100  =>  17 

Under  40 
Dlf.  for  10-24 

•  «      7=J7 

•  «  17-41 

I^  18117  » 
Iro  +  41 »  25809. 


lOSO 
52 
54 
66 
56 

1000 

62 
64 
66 

68 
1070 

72 
74 
76 
78 

1900 

82 
84 
86 
88 
1000 
92 
94 
96 
98 


29008 


45 

092  Jt 

-187  « 

181'** 

"\45 

—226' 

-270,JJ 

858  JJ 
44 

-«'l44 

-579  J* 
754** 


—798 

—6421 

885 

-929! 

— 97JJ 


02 
04 
06 
06 

2010 

12 
14 
16 
18 


44 
44 

43 
44 
43 

43 
*®43 


—1081 
146. 


-883, 


43 


4491' 


492 


22 
24 

26!— 664j 
28  1— 7071 


578 
621 


7921 

885 

—8781 

920 


W84S 

sioooIt^ 

-091  2 
-188  J? 


^47  46 


81175 

—218 

960 

802 


92 

94 
96 
98 

aioo 

08 
04 


981 

973 

82015 


189 
—181 


2110 

12 
14 
16 
18 

8100 

22 
24 
26 
28 
8180 
82 
84 
86 
88 

8140 

42 
44 


-471 
513 
555 

697 


43 
42 
42 
43 
42 

42 
42 
42 
42 
42 
42 
42 
42 
42 
41 

42 
42 
41 
42 
42 

066  42 

41 


—681 
—728 
—765 

806 

848 


42 

41 

—222^41 

268  42 

-806  41 

41 

887  41 

42841 

469  41 

510'42 

— 552'41 

41 


—675140 
715!jl 
75611 


797 


—879 
919 


38001 
041 


122 

—168 

203 


48 

2 
4 
6 
8 

11 
18 
16 
17 
19 
21 


8100 

52 
54 
56 
66 

8100 

62 
64 
66 
68 
8170 
72 
74 
76 
78 

8180 
82 

84 

86 

88 

8100 

92 
94 
96 
98 

8800 
02 
04 


284 

—825 


405 


8810 

12 
14 

16 
18 

8880 
22 
24 
26 
28 

88S0 
82 
84 
86 
88 

8S40 

42 
44 

46 
48 


445 


—726 
—766 
—806 

446 
885 

925 
965 

84005 
044 
064 

—124 
163 

—808 

242 

-282 

821 


i 

{ 


-618|g 
596  3j 

674)^ 

713  2 

— 7531JJ 

-792,2 


88OI 


89 


218! 


9081, 

98635 

85025  Xi 
-064^ 

-141  ig 
180  S 


8 
4 
5 
O 
7 
O 
9 
lO 


84 


iXXJABITHMS. 


H«.     Log.  §     '0.     Log.  g 


2860 

62 
54 
56 
68 

8260 

62 
64 
66 
68 
8870 
72 
74 
76 
78 

8880 

82 
84 
86 


92 
94 
96 
98 

2SOO 

02 
04 
06 
08 

8810 

12 
14 
16 
18 

2S8€ 

22 
24 
26 
28 
8SS0 
82 
84 
86 
88 

8840 

42 
44 

46 

48 


35218 
—257 

295 
—834 

872 

—411 
449 

-626 

664 

-608 

-641 
679 
717 
765 

793 


—870 
—908 


—984 


069 
007 
185 

-173 

—211 

248 

-286 

—824 

861 

—399 
436 

-474 
511 

—549 

686 

-624 


698 
—736 
773 
810 
847 
884 

-922 
-989 


37083 
—070 


2860 

62 
64 

66 
68 

2800 

62 
64 
66 
68 
2S70 
72 
74 
76 
78 


37107 
—144 

—181 

—218 

264 

29lL 


82 
84 
86 
88 
8880 
92 
04 
96 
98 

8400 

02 
04 
06 
08 

8410 

12 
14 
16 

18 

8480 

22 
24 
26 
28 


401|: 

488' 


87 

-^^^ 
37 
37 

611,g 

M8|?; 
-^85 
621 


—668 
694 

—731 
767 
803 

—840 
876 
912 

—949 

—985 


057 

093 

—180 

—166 

-202 
-288 
—274 
—310 
—846 


JJ3!^ 

489i^ 

-«25!S 


24S0'-«61U 


596^ 
6821 
— 668| 
703 


2440  — 789L. 
42  -77«IS 
44       810^ 
46  ,—846  ^ 
881136 


48 


iliocmrltki 

No.     Log.!  § 


»--10. 


2460 

62 
64 
66 
68 

2460 

62 
64 
66 
68 
2470 
72 
74 
76 
78 

2480 

82 
84 
86 
88 
2490 
02 
94 
96 
98 

2600 

02 
04 
06 
08 

2610 

12 
14 
16 

18 

2620 

22 
24 
26 
28 
2680 
82 
84 


2640 

42 
44 

46 

48 


38917:r« 


952 
987 


068|35 

199<^ 

^35 
—270 
—305 

-840 

875 

410 


480 

515 

650 

685 

—620 

—655 

-«90 

724 

759 

794 

—829 

863 

898 

—963 


967 
40002- 
-037  35 

07134 
— 106'36 

-209  3* 

243j8J 

-278!g 

846!*^ 
-381  !»5 

449  ?i 


483' 

-518 

—562 


—620 


34 


No.   |Log.  s     No.     Log.|g 


2660 

52 
64 
66 
68 

2660 

62 
64 


«0| 

26701 


40654 
688 
722 
756 
790. 

—824 

—858 
—892 
—926 

—960: 


72 
74 
76 
78 

2680 

82 
84 
86 
88 
2690 
92 
94 
96 
98 


02 
04 
06 
08 

2610 

12 
14 

16 
18 


4102 


34 
34 
34 
34 

134 

IS4 
34 
34 
34 
33 

17 1*4 


—061 


'34 


34 


-095ljj3 
128'^ 


196 

229 
—263 

296 
—880 

863 
—897 

480 
—464 

497 
—681 

664 

697 
-681 

664 

697 

-731  IS 

-764i; 


863||^ 

929,^ 
— 963|33 


—797 
830! 


33 
420291: 


'83 


160i 
193;..„ 

-259^ 
-^^133 


2669 

62 

64 
56 
66 


64 

66 

68 

2670 

72 

74 
76 
78 


84 

86 

88 

2690 

92 
94 
96 
08 

2700 

02 
04 
06 
06 

2710 

12 
14 
16 

18 

2720 

22 
24 
26 
28 

8780 

82 
84 

36 
88 

2740 

42 
44 

46 

48 


-619  g 
88 


716 

—749 

781 

81SI, 

-846! 
878 


-911 IS 


466g 


661 


32 
,32 

43008^ 

—072182 

—169,^ 


—201 
-2831 
—2651 

— 297| 
— «29 
—861 
-393; 
—425 

—467 
—4891 
—5211 
—663, 
684 


82 
182 
82 
32 

82 
32 
32 
132 
,32 

32 
32 
'32 
181 


32 

«^«IS2 
648, S 

—680 

—712 
743 


31 


775' 

—807 

8S8>^ 

870 1  ^ 

—902,^ 


32 


To  find  Log.  28885 

Log.  23340  »  36810     '    1 

Dil:      20  37       '  8 

Log.   28320    «    86773 

23835  —  23320  =>  16 

Under  87 

Dif.  for  10  =  19 

••     "     6«   9 

'  16=i28 


^: 


1778  + 28  »  86601. 


88 

2 

4 
6 
8 
10 
11 
18 
15 
17 
19 


86 

86 

2 

2 

4 

6 

7 

7 

9 

11 

11 

18 

12 

14 

14 

16 

16 

18 

18 

83 

2 
8 
6 

7 
8 
10 
12 
13 


15    .'  14 
17       16 


3 
4 
6 
6 
7 
8 
9 
19 


L00ARXTHM8. 


M 


Conii 


i  or  Brine*  liOffsrltluMa. 


^te. 


Ko.     I'^-'S 


52 

56 
58 


2     No.      L09.  2     Ifo.      I^oyJ^     ^^* 


43983 
->965 

996 
44028 

059 


62  122 
64  1—154 
66  I     185 


68  —21 


a770  — 248i 
72  '  279 
74  —311 
76  —342 

78  1    873 


'31 


»  I 
97M»I    404 

82  —436 
84  i 

86 
88 


S2B 
560  i 


92  i— 592 
94;— 623 
96—654 


98 

-6851 

SeS«4»— 716| 

02 

—747 

04 

-778 

06 

-8091 

08 

.  fUA 

-871 

—902 

982 

963 

994 

9890 

49025 

22 

-<»6 

24 

086 

26 

117 

28 

—148 

asso 

—179 

82 

209 

84 

—240 

88 

—271 

88 

301 

SS40 

—832 

42 

362 

44 

—893 

46 

428 

48 

—454 

9950 

52 
54 
56 

58 

2860 

62 
64 
66 
68 
2870 
72 
74 
76 
78 

2880 

82 

84  46000 

86  —080 


46484 

-515 

545! 

—576 

606 

1—637 

667 

697 

—728 

—758 

788 

818 

—849 

—879 


989 


2800 

92 
94 
96 
98 

2900 

02 
04 
06 
08 

9010 

12 
14 
16 
18 


—090 
—120 
-150 
—180 
—210 

—240 
—270 


22 
24 
26 
28 
9080 
82 
84 
86 
88 

9040 

42 
44 

46 
48 


ToAod  Log.  29019: 
Log.  29020  =  46270 
Dil   20    80 
Log.  29000  «  46240 
29019  — 29000=- 10 

Under  SO 

DK.  for  10  =  16 

**  -  9  =  U 

"  «  10  =  29 

Log.  29019  =r 

46240  +  29  =  46269. 


889 
419 


79 
f— 509 

688 
568 

-^598 
627 
657 

—687 
716 
746 

—776 
806 

-885;^ 
864 

—894 
9231 


!30 


5B 


64 

66 

68 

9070 

72 

74 
76 
78 

9080 

82 
84 
86 
88 
9000 
92 
94 
96 
98 

8000 

02 
04 
06 
08 

8010 

12 
14 
16 
18 

309O 

22 
24 
26 
28 
3030 
82 
84 
86 
88 

8040 

42 
44 

46 
48 


041! 

070 

—100 

129 
—159 
-188 
217 
246 
276 
—305 
384> 
863: 
892 


46982  30 


—461 
—480 
-^509 

5881 
667 
596 
625 
654 
683 

712 

741  29 
-770  g 
-799  2J 

29 
28 
29 
29 
29 
29 

28 
29 
29 
-116  20 
144 

-173  29 
202  g 

—259-^ 


—857 
885 
914 
943 

—972 

48001 
029 
068 


287 
—816 

844 
—378 

401 


82 

2 

3 

6 

6 

8 

10 

11 

13 

14 

10 

16 

84MM 

52 
54 
56 
58 

3060 

62 
64 
66 
68 
8070 
72 
74 
76 
78 

3080 

82 
84 
86 
88 
300O 
92 
94 
96 
98 

3100 

02 
04 
06 
08 

8110 

12 
14 
16 
18 

8190 

22 
24 
26 
28 
3180 
82 
84 
86 
88 

8140 

42 
44 

46 
48 


515 
—544 

672 

—601 

-629 

667 


Log.  g  Ho.  I  Log,  g 


48480 
458 


—714 

742 

770 

799 

—827 

855 

883 

911 

—940 

—968 

49024 
062 
080 
108 

186 
164 
192 
220 
248 

276 


—882 
-^60 


415 

443 

471 

499 

—527 

664 

682 

—610 

-638 

665 

—693 
—721 

748 
—776 

803 


8150 

62 
54 

66 
68 

3160 
62 
64 
66 
68 

8170 
72 
74 
76 
78 

3180 

82 
84 
86 
88 
3100 
92 
94 
96 
98 

3900 

02 
04 
06 
08 

8910 

12 
14 
16 

18 

8990 

22 
24 
26 
28 
8980 
82 
84 


-859 
886 

—914 
941 

—969 

50024 
061 

-^079 

—106 
188 

—161 
188 
215 

—243 
270 
297 
—825 
—352 
879 
406 
438 


8940 

42 
44 
46 
48 


28 

27 
28 
27 
28 

27 
28 
27 
28 
27 
27 
28 
27 
27 
28 

27 
27 
28 
27 
27 
27 
27 

27 
-516. 
542:^ 


i 


—651 
—678 
70B 
—732 
—759 

—786 

—813 

—840 

866 

893 

920 

947 

974 

51001 

-028 

—055 

081 

108 

—136 

—162 


90 

88 

1 

8 

4 

6 

7 

8 

10 

10 

12 

11 

13 

18 

16 

14 

A  dash  before 
or  after  a  log.  de- 
notes that  its  true 
value  is  leu  than 
the  tabular  Talue 
by  less  than  half  a 
unit  in  the  last 
place.  Thus: 
Log.  3128=495|667 

•^  8180='496M4A 


LOGABIXmiB. 


57 


•r  BrlnpB  Iiocmrli 


>!•• 


«•» 

um^ 

S7S« 

57808 

06 

— «l 

60 

--519 

«6 

576 

TO 

684 

7« 

80 

748 

85 

-807 

00 

—884 

09 

921 

978 

06 

58086 

10 

099 

16 

148 

SO 

ao6 

26 

968 

80 

—838 

36 

— sn 

40 

488 

45 

480 

S890 

546 

65 

082 

00 

-880 

05 

—715 

TO 

771 

75 

827 

80 

888 

85 

988 

90 

-996 

96 

59061 

^99^ 

106 

06 

18S 

10 

-218 

15 

278 

» 

—329 

36 

-384 

80 

438 

86 

484 

48 

—899 

46 

;-806 

MOO 

:-880 

55 


—716 
-770 
824 
879 


968 

60048 
097 

j— in 


9«. 


J7 
—581 
S84 


56 

60 
65 
70 
75 

80 
85 
90 
95 

4100 

05 
10 
15 
90 
29 
30 


—746 
799 


6101S 
066 

119 
173 
225 

278 
881 
884 


40 
40 

AIM 
55 

80 
86 
70 
75 
80 
85 
90 
96 


360 
314 


542 
896 

-648 


700 
752 


867 


83014 


—118 

—170 

221 

378 


— «7 


581 


684 


—787 
—786 


Ho. 


63048 

—094 

144 

196 

—246 

296 

—847 

897 


—749 
—799 


!'<«. 


498 
548 


998 

64048 


147 
-197 

246 
—296 

846 


542 
691 


738 
787 


988 
982 


70  65081 


079 
—128 

176 
—336 
—278 


Ho. 


—514 
—662 
—610 
-468 

—706 
758 

801 


06 
10 
15 
20 
25 
80 
85 
40 
45 

405O 

55 
60 
66 
70 
75 
80 
86 
90 
95 

4700 

06 
10 
15 
20 
25 
80 
80 
40 
45 


66089 

—067 

—184 

181 

229 

-276 


Lo«. 


418 


886 


870 
417 
464 
611 
658 


745 

—792 


885 

-932 

978 

67025 

—071 

117 

—164 

—210 
—256 
802 
348 
894 
440 
486 


—678 


5S 

57 

50 

05 

54 

58 

551  51 

50  40 

40 

47 

40 

1.2 

1.1 

I.l 

1.1 

1.1 

1.1 

1.0   1.0 

1.0 

1.0 

1.0 

0.9 

0.9 

2.3 

2JI 

2.2 

2.2 

2.2 

2.1 

2.1    2.0 

2.0 

2.0 

1.9 

1.9 

1.8 

ZJi 

3.4 

8.4 

3.8 

3.2 

3J2 

3.1    3.1 

3.0 

2.9 

2.9 

2.8 

2.8 

4.6 

4.6 

4M 

4.4 

4.3 

4.2 

4.2   4.1 

4.0 

3.9 

3.8 

8.8 

8.7 

5.8 

5.7 

5S 

5J 

6.4 

5.8 

5.2,  5.1 

5.0 

4.9 

4.8 

4.7 

4.6 

7  0  1  6.8 

6.7 

6.6 

6JS 

6.4 

6.2   6.1 

6.0 

5J9 

6.8 

6.6 

5.5 

8.1     8.0 

7.8 

7.7 

7.6 

7.4 

7^   7.1 

7.0 

6i> 

6.7 

6.6 

6.4 

9.8     9.1 

9.0 

8.8 

8.6 

a5 

as   8.2 

g,0 

7.8 

7.7 

7Jt 

7.4 

ia4  lOJ 

10.1 

9.9 

9.7 

9.5 

9.4   9  2 

9.0 

83 

8.6 

8.5 

8.8 

11.6 

11.4 

11.2 

11.0 

10.8 

10.6 

10.4  10.2 

10.0 

9.8 

9.6 

9.4 

9.2 

Ho. 


4750 
65 

60 
65 

70 
75 
80 
85 
90 
96 

48O0 
06 
10 
15 
20 
25 
30 
85 
40 
45 

4850 
66 

60 
65 

70 
75 
80 
65 
90 
96 

4000 

06 
10 
15 
SO 
26 
80 
85 
40 
46 

4050 
65 

60 
65 
70 
75 
80 
85 
90 
95 


67668 

715 

—761 

806 

-862 

807 

-948 


966 
68084 
—079 

124 

169 

—216 

—260 


874 
-619 


I<90< 


708 
-758 

797 
—842 

886 
—981 

975 

69020 

064 

106 

152 

—197 

—241 

—285 

—329 

—878 

—417 

—461 
504 
548 

—592 
686 
679 

—723 

—767 
810 

-864 


i 


40  46  44  43 


0.91  0.9 

1.8  1.8' 
2.7  2.6 
8.6  3.5, 
4-'S'  4.4 
5.4'  5.3; 
6.3i  6.2 
7.2 1  7.0 
8J  7.9 
9.01  8.8< 


1 

S 
4 
5 
0 


0.9 

1.7- 
2.6 
3.4 
4.3 
5.2 
6.0 

6.9  5 
7.7  O 
8.6  110 


w 


LOOABTTHlfB. 


»1«. 


ir«.     L09.  g    I©.     Log.  g    Ho.     hog'  §1   Ho.     Log.  §1  W©.     L^.  g 


3W0 


51188 
216 

—242, 
268; 
2»5| 


) 


62 
64 
66 
68 

S970 

72 

74 
76 
78 

34S0 

82 
84 
86 
88 
8990 
92 
94 
96 
98 

8300 

02 
04 


848 

875 

—402 


8810 

12 
14 
16 
18 

8880 

22 
24 
28 
28 
8880 
32 
84 
36 


8840—875 
42  --401 


481 
—608 

584 
—661 

587 
—614 

640' 
—667 1 

69S| 
—720 
—746' 

772 
—799 

836 

851 

—878 

904 

930 

—957 1 


52009' 
085| 
061' 

-088| 

-1141 
—140 
166> 
192 
218 
244j 
270 
-297: 


127, 
—158 
-4791 


8880 

52 
64 
66 

68 

8860 

62 
64 
66 
68 

8870 

72 

74 
76 
78 

3880 

82 
84 
86 
88 
8800 
92 
94 
96 
98 


62604 
530 
666 

582 
606 


8410 

12 
14 

16 

18 

84510 

22 

24 
26 
28 


—686 

711 

737 

763 

—789 

—815 

840 

—866 

-892 
917 
943 

-969 
994 

68020 


071 

-097 

122 

—148 
173 

—199 
224 

—260 

275 


826 

—852 

877 


428 
453 

-479 
504 
629 

—6551 
68O; 
606 

-681 


681 

706 

-782 

-767 


84S0 

62 
64 
66 
68 


68782 
807 
882 
867 
882 


62 
64 
66 

68 

8470 

72 
74 
76 
78 

8480 

82 
84 
86 
88 
8400 
92 
94 
96 
98 

3500 

02 
04 
06 

08 

8510 

12 
14 

16 
18 

8580 

22 
24 
26 
28 
8580 
82 
34 
86 
88 

8540 

42 
44 

46 
48 


—983 
54008 


—058 
-083 
—108 
—183 

—158 
—183 
—206 
—238 
—268 


-988 


807 

882 

8S7 

-882 


—482 
456 
481 


-681 
555 

680 
—605 
—680 

654 

—679 
—704 

728 
—753 

777 

802 
—827 

851 
—876 

900 
—925 

949 
—974 

998 


25 


8550 
62 
64 
66 
68 


62 
64 

66 

68 

3570 

72 
74 
76 
78 


6602S 
047 

-4)72 
096 

—121 

—146 

169 
—194 
218 
242 
—267 
291 
815 


82 
84 
86 
88 

3500 

92 
94 
96 
98 


—413 


461 

486 

509 

—584 

-558 


02 
04 
06 
08 

8610 

12 
14 
16 
18 

8680 

22 
24 
26 
28 


82 
84 
36 
88 

3640 

42 
44 
46 

48 


606, 

68O! 

654' 

678 

—708 

—7271 

-761 1 
-775 
-799 
—823 
-847 

—871 1 

—895 

—919 

-948 

-^7 

99  V 

56015 

038 

062 

086 

110 

—134 

—158 

—182 

206 


62 
64 
66 
68 

160 

62 
64 
66 
68 
8670 
72 
74 
76 
78 

8686 

82 
84 
86 
88 
3600 
92 
94 
96 
98 

3700 

02 
04 
06 
08 

3710 

12 
14 
16 
18 

8780 
82 

24 
26 
28 
3730 
82 
84 
36 
88 

3746 

42 
44 
46 
48 


66229 

253 

—277 

—801 

824 

848 

—872 
-686 
419 


490 
—614 


581 


879 
—708 

726 
—750 

778 
—797 


867 

-891 

-«14 

987 
-661 

964 
67008 
—081 

054 
—078 
—101 

124 
—148 
—171 

194 

217 

—241 

-964 

287 
810 
-884 

-667 


To  find  Log.  86114: 
Log.  86120  =-  55776 
Log.  86100  =  6675_l 
DIf.        20  »4 

86114— 36100=*  14 

Under  24 

Dif.  for  10  =.  12 

«'     ••     4  =«_5 

••     "  14  -  n 

Log.  86114  » 
66751-1.17-56768. 


37 

1 

3 

4 

5 

7 

8 

10 

11 

12 

10 

14 

A  dMh  before 
or  after  e  log.  de- 
notes tiiat  lis  true 
value  is  len  than 
the  tabular  ralue 
by  less  than  half  a 
unit  io  the  last 
place.  Thus: 
Log.  3490  =  5428264 


bacwltbn 


«>  -Ml  si' 

65  1-^  5, 
70  ,630«  r- 
75-0941^ 

85  m,^ 
90  -246  J^ 

40  -749  '2", 
«3  436©'-a43l 

-^  5S 

90      246 I « 

•7S  ' — ***** 
III      ^k^M 


640 
^l4» 


i     9fi2ii9 

650311  7„ 

07B,*S 

I7fil  J» 
90  -225  1^ 

fe^U273|J* 


95 


LOGARITHMS. 


Commim  or  Brl^vs  I<<Hn^rttlinia. 


>!•• 


) 


Ho. 

5000 

05 
10 
16 
20 
26 
30 
85 
40 
45 

5050 

65 
60 
65 
70 
76 
80 
85 
90 
95 

5100 

06 
10 
15 
20 
25 
80 
86 
40 
45 

5150 
66 

60 
66 
70 
76 
80 
86 
90 
95 

59O0 

05 
10 
16 
20 
26 
80 
86 
40 
46 


Log. 


69897 
940 
984 

70027 
070 

—114 
157 

—200 
243 
286 

829 

87-2 

415 

-468 

—601 

—644 

586 

629 

-672 

714 

757 

—800 
842 
886 

—927 
969 

71012 
064 
096 

—189 

—181 

—223 

—266 

807 

849 

891 


—476 
-^J17 


600 
642 
-684 
725 
767 
—809 
860 


No. 


5»50 

65 
60 
65 
70 
7ft 
80 
86 
90 
96 

5300 

05 
10 
15 
20 
26 


86 
40 
45 

6860 

65 
60 
65 
70 
76 


90 
96 

6400 

06 
10 
16 
20 
25 
80 
86 
40 
46 

6450 

66 
60 
66 
70 
76 
80 
86 
90 
95 


Log. 

72016 

067 

—099 

—140 

181 

222 

263 

304 

—346 

-^7 

-428 
469 
509 
660 
691 

—632 

—673 
718 
754 

—795 


—876 

916 
—967 

997 
73038 

078 
—119 
—169 

199 

289 
—280 
—320 
—860 
—400 


—480 
—520 
-^560 
—600 


679 
719 
768 

—799 
888 
878 
918 
957 

-997 


40 


Ho. 


5600 

06 
10 
IS 
20 
25 
80 
85 
40 
45 

5550 

66 
60 
66 
70 
76 
80 
85 
90 
96 

5600 

06 
10 
15 
20 
25 
80 
85 
40 
45 

5550 

65 
60 
66 
70 
75 
80 
86 
90 
95 

5700 

05 
10 
16 
20 
26 
80 
86 
40 
45 


74086 
—076 

116 
—156 
—194 

238 
—278 
—312 
—361 

380 

429 

468 
60: 
—54: 
—686 
624 
663 
702 
741 
780 

—819 


Log. 


—935 
—974 
76012 
-^1 

089 
—128 

166 

—206 
243 
282 

-«0 
858 

—897 


478 

51 

649 

587 
—626 
—664 

—702 
—740 
—778 
815 
863 
891 
929 


38 


39 


88 


1 
3 
S 
4 
5 
• 
7 
8 
O 
10 


57 

SO 

0.7 

0.7 

1.6 

1.4 

2.2 

2.2 

8.0 

2.9 

8.7 

3.6 

4.4 

4.3 

6.2 

6.0 

6.9 

6.8 

6.7 

6.5 

7.4 

7.2 

Ho. 


6750 

65 
60 
66 

70 
76 
90 
85 
90 
96 

5800 

05 
10 
16 
20 
26 
SO 
85 
40 
46 

5850 

65 
60 
66 
70 
75 
80 
85 
90 
95 

5000 

06 
10 
16 
20 
25 
80 
86 
40 
46 

6050 

65 
60 
66 
70 
76 
80 
86 
90 
95 


Log. 


75967 
76005 

042 
—080 
—118 

165 
—193 

230 
-268 

305 

—848 

880 

-418 

-465 

492 

—530 

-«67 

604 

641 

678 

—716 

—768 

•790 

—827 


—901 
—988 
—976 
77012 
048 

086 
—122 
—169 

196 


806 

842 

—879 

415 

—462 
488 


661 

597 

-634 

670 

706 

—743 

—779 


Ho. 


05 
10 
16 
20 
25 
80 
85 
40 
45 

0050 

65 


77816 

851  : 

887  ; 
-924 
—960 

78032'^ 


6100 

06 
10 
16 
20 
25 
80 
85 
40 
45 

6150 
66 

60 
66 
70 
76 
80 
85 


6300 

06 
10 
15 
20 
25 
80 
86 
40 
46 


L08.g 


80 


—068 

—104 

140 

—176 
211 
247 
283 

-819 

—865 
390 
426 

-462 
497 

4SS 

—669 
604 

—640 
676 

—711 
746 
781 

—817 


-«28 

958 

998 

79029 

-064 

-099 

-184 

160 

204 

289 
274 
809 

844 

879 

—414 


38 
36 
36 
36 
85 
36 
36 
36 
36 
35 
96 
86 
85 
88 

38 
89 
86 
36 
86 
85 
85 
86 
85 
88 
85 
35 
86 
86 
85 
86 
36 
35 
35 
86 
88 
85 
85 
35 
86 
35 
36 
34 
35 
85 


To  find  Log.  68636: 
Log.  68650  =  76827 
Log.  68600  »  76790 
Dif.         50  87 

58636  —  58600  »  86 

Under  87 

Dlf.  for  10  X  3  -  22.0 

'*      "  8  =  J*!* 

"      «         86  -  26.4 

Log.  58636  » 

76700  +  26  »  76816 


LOQABITHMB. 


59 


Ii«Cfltfii 


56 

60 
66 
70 
75 
SO 
85 
90 
«6 

05 
10 
15 
20 
25 
30 
85 
40 
45 


I^. 


667 

092 
—727 

761 
—796 
—831 

865 


80003  ^ 

037 
— 072 

106 

140 
—175 

•200 

243 


277 
—312 


934 


—414 


482 
516 


584 

—618 


Ho.  I109  §  Ho. 


—720 

—754 

787 

821 

—856 


922 


81023  ; 

000  I 
—124  5 

—158 ; 

—191  J 

224  ?. 

—258  i 


06 
10 
15 
20 
25 
80 
35 
40 
45 

6550 
56 

60 
65 
70 
75 
80 


81291 

—325 
858 
391 

-425 
458 
491 

—525 


-501 

624 
657 
690 
728 
—767 
—790 


05 
10 
15 
30 
25 
30 
35 
40 
46 

6650 

55 
60 
66 
70 
75 
80 


-889 
921 

964 

987 

82030 


670« 

06 

10 
16 
20 
25 
80 
86 
40 
45 


—119 
161 
184 

—217 
249 

282 

—315 

347 

380j 

-413 
445 

—478! 
610 

—643 
676 

607 


672 
—706 
—787 

769 
—802 


898 


L09.  5  No. 


6750,82930 

65. 

60  —095 

65  83027 

70 

76 

80 

85 

90 

95 


—128 

—155 

—187 

219 

—251 
—283 
—315' 

-347 
378 
410 
442 

—474 


637 

569 

—601 

682 

664 


60OO 

05 
10 
15 
20 
25 
30 
35 
40 
45 

605O 

56 
60 
66 

70 
75 
80 
85 
90 
95 


727 
—759 

790 
—822 

853 


916 
—948 

979 
84011 
—042 

078 
—106 
—136 

167 

198 

-230 

—261 

292 

323 

364| 


—417! 


— 479I 

I 


To  And  Log.  63023: 
Log.  69050  a  79960 
Log.  63000  »  79934 
Dif.    60    55 


Under  55 
Dff.  forlO  X  2  »  14.0 

i  — 16.1 


Lsg.  63023  *» 

^1934+16 


-(•  16  -  79960. 


55 

54 

55 

0.7 

0.7 

0.7 

L4 

1.4 

IJB 

2.1 

2.0 

2.0 

2S 

2.7 

2.6 

SJJ 

8.4 

8.3 

4.2 

4.1 

4.0 

4.9 

4:8 

4.6 

5.6 

5.4 

6.3 

6.8 

6.1 

6.9 

10 

7.0 

6.8 

6.6 

5a  51 

0.6 '0.6 
1.8 1 1.2 
1.9 , 1.9 
2.6  2.6 

3J  8.1 
3i)  8.7 
4.6  1 4.3 
6.1  5.0 
6.8  15.6 
6.4  6.2 


Loglg    Ho.  |Log.|g 


7000,84610, 
06-641; 
10  —572 
15—603 
20  ,—634 
25'— 666 


30 
85 
40 
45 

7050 

56 
60 
65 
70 
75 
80 
85 
90 
96 

7100 

06 
10 
15 
20 
25 
30 
85 


—606! 
726 
757 
788 

-819 


880 
911 
-942 
-«73 
85008 
-034 
—065 
095 

-126 
166 

-187 
217 

—248 
278 


7150 
66 

60 
65 
70 
75 
80 
86 
90 
96 


389 

-370 

400 

-431 

— «61 

481 

-^22 

-652 

582 

612 


-673 
703, 

738 

7631 

—794 

-824 


—814 
—944 
—974 


7550 
55 

60 
65 
70 
75 
80 
85 
9U 
96 

7500 

05 
10 
16 
20 
25 
30 
35 
40 
45 

7550 
66 

60 
66 

70 
75 
80 
86 
90 
95 

7400 

06 
10 
16 
20 
26 
30 
35 


80 

31 

30 

30 

30 

31 

30 

30 

30 

30^7450 
66 
60 
66 
70 
76 
80 
86 


—124 
153 
183i 
213; 

278; 

332I 

362 

—892 
421 
461 

^481 
510; 
640! 

—570; 
6091 

-620 
658 

717 
-747 
776 
—806 
885 
864 
«94 

928 

—953 

—982 

87011 

040 

-070 

-099 

128 

157 

186 

-216 
-245 
-274 
-308 
382 
861 
800 
419 
448 
477 


{ 


SO 

0.6 

1.2 

1.7 

2.8 

2.9 

3^ 

4.1 

4.6 

5.2 

5.8 

10 

A  dash  befora 
or  afler  a  log.  de- 
notes that  its  true 
value  is  Mm  than 
the  tabular  value 
by  Iwi  than  half  a 
unit  in  the  last 
place.  Thus: 
Log.7400»  8602317 

-'    7406—8686261 


Lnoogle 


LOGARITHMS. 


Common  or  Briyfrii  I«oirorl*hm«-    Base  =  lO. 


Ho. 


) 


7000 

06 
10 
15 
20 
26 
80 
85 
40 
46 

7550 
66 

60 
65 
70 
76 
80 
85 
90 
96 

7600 

06 
10 
16 
20 
26 
80 
86 
40 
46 

7050 
66 

60 
66 
70 
76 
80 
86 
90 
96 

7700 

05 
10 
16 
20 
26 
80 
86 
40 
46 


87606'  nq 

--564lS 

-5981  g 
-<22  g 

708  g 

-766  1^ 
-795  2o 

862  g 
-881  g 

-?l!!2i 


I'Off*  S 


—967 

88024 
—063 

081 
—110 

138 
—167 

195 
—224; 

262 1 
—281 

809 


-395 
-423 1 


451 
-480;.,g, 
-508  -*^ 

29 
28 


—621 

649 

677 

705 

—784 

—762 

—790 

—818 

846 

874 

902 


No. 


7750 

55 
60 
65 
70 
75 
80 
85 
90 
95 

7S00 

05 
10 
16 
20 
25 
80 
85 
40 
45 

7S50 

65 
60 
65 
70 
76 
80 
85 
90 
95 


7900  —768 


Log.  S 


958 

986 

89014 

042 

070 

—098 

—126 

—154 

—182 


237 

265 

—293 

—321 

848 

876 

-404 

—432 

459 

—487 
—515 

542 
-570 

597 

625 
—663 

680 
—708 

785 


05 
10 
15 
20 
25 
30 
85 
40 
45 

7900 

65 
60 
65 
70 
75 
80 
85 
90 
96 


790 

-818 

846 

—873 

—900 

927 

955 

982 

90009 

-087 

064 

091 

—119 

—146 

178 

200 

227 

—255 

—282 


No. 


Loy.ls 


800O 

05 
10 
15 
20 
25 
30 
35 
40 
45 

8050 

55 
60 
65 
70 
75 
80 


90 
95 

8100 

05 
10 
15 
20 
25 
80 
85 
40 
46 

8150 

65 
60 
65 
70 
75 
80 
85 
90 
95 

8iiOO 

05 
10 
15 
20 
25 
30 
35 
40 
45 


—445 
t72 
—499 
—526 
-.558 

-^680 

—607 

—634 

660 

687 

714 

741 

768 

—795 


•>7 
336  27 

390  :^ 


—849 

875 

902 

—929 

—956 

982 

91009 

—036 

062 

089 

-116 
142 
169 

—196 
222 

—249 
275 

—302 
328 

—365' 

881 

—408 

484 

—461 


,26 
27 


—514 

—540 

566 


619 


No. 


Log. 


8»50  91645 
55  —672 
60 


65 
70 
76 
80 
85 
90 
95 

8800 

05 
10 
15 
20 
25 
80 
35 
40 
45 

8850 

65 
60 
65 
70 
76 
80 
85 
90 
95 

8400 

05 
10 
15 
20 
25 
SO 
85 


724 

—751 

—777 

803 

829 

855 

—882 

—908 

—934 

960 

986 

92012 

038 

065 

—091 

—117 

—148 

—169 

—195 

—221 

247 

—273 

298 

824 

850 

876 

402 

-428 
—454 
—480 
5U5 
631 
—557 
—583 


40 

634 

46-660 

8450 

-686 

55 

711 

60 

737 

65 

—763 

70 

788 

75 

—814 

80 

—840 

85 

865 

90 

-891 

95 

916 

No. 


8500 

05 
10 
15 
20 
25 
SO 
85 
40 
46 

8550 

65 
60 
65 
70 
75 
80 
85 
90 
95 

8600 

05 
10 
16 
20 
25 
80 
85 
40 
45 

8650 

66 
60 
66 
70 
76 
80 
85 
90 
95 

8700 

06 
10 
15 
20 
25 
80 
85 
40 
46 


Lo». 

92942  ^ 

93018  1^ 

069  i^ 

120  S 

-146  S 

171  S 

222  g 
247  g 
-278  S 
298  g 
823  g 
-349  S 

«"56 


-426 

—460 

476 

600 
—626 
—551 
-^76 

601 

626 

661 

676 

—702 
—727 
—762 
-777 
—802 
—827 
—852 
-877 
—902; 
—927, 

-9521  25 
-9771  25 
94002  51 

-077  ^ 


25 
26 
25 
25 
25 
25 
25 
25 
26 

25 
25 
25 
25 
25 
25 
25 
25 
25 


-176 


To  find  I^g.  88678: 
Log.  83700  =  92273 
Log.  83650  =  92247 
Dif.        50  »6 

83678  —  83650  »  »8 
Under  »6 
Dlf.  for  JO  X  2  -  10.0 
"      "  8»   4.2 

"      ••  88  =»  14.2 

Log.  83678  = 

92247  +  14  »  92261. 


»9 

98 

87 

96 

»5J24 

0.6 

0.6 

0.5 

0.5 

0.5    0.5 

1 

1.2 

1.1 

1.1 

1.0 

1.0 

1.0 

*2 

1.7 

1.7 

1.6 

1.6 

1.6 

1.4 

8 

2.8 

2.2 

2.2 

2.1 

2.0 

1.9 

4 

2.9 

2.8 

2.7 

2.6 

IJS 

2.4 

5 

3.6 

8.4 

8.2 

8.1 

3.0 

2.9 

6 

4.1 

8.9 

8.8 

3.6 

3.6 

3.4 

7 

4.6 

4JS 

4.8 

4.2 

4.0 

8.8 

8 

6.2 

5.0 

4.9 

4.7 

4.5 

4J) 

0 

10 

5.8 

6.6 

5.4 

6.2 

6.0 

4.8 

flO 

A  dasb  before 
or  after  a  log.  de- 
notes that  its  true 
value  is  leu  than 
the  tabular  value 
by  less  than  half 
a  unit  in  the  last 
place.  Thus : 
Log.  8325  «  920S842 
''     8880- 9206150 

L^oogle 


LOOARTTHMB. 


\fl 


€?•■ 


I<oc»rithMUk 


-!•. 


H«. 


MSOl 

—226 

250 

275 

—900 

—325 

349 

374 


448' 
-473 


97ttO 

55 
60 
65 
70 
75 
80 
85 
90 
95 

ssoo 

05 
10 
15 
SO 
25 
80 
35 
40 
46 

55 
60 
65 

70 

75 
80 
85 
90 
95 

9900l    939 

05  963 
10  '-988 
15   95012 


L(V. 


522 
-547 

571 

—621 

645 

-670 

694 

—719 

743 

-768 
792 

—817 
841 

—866 
890 

—915 


086 
—0611 
085 
109 
■134, 
158; 

1821 
-2071 
—2311 
555  i 
279 
303j 


—352 
—876 


5o.     Log. 


95424 

05  448 
10  472 
15  —497 
20  -521 

25  —545 
30  1—569 
35  j— 593 

40  —617 
45  1—641 

9050—665 

55 
60 
65 
70 
75 
80 
85 
90 
96 


-713 
-737 
—761 
—785 


9100 

05 
10 
15 
20 
25 
80 
85 
40 
45 

9150 

55 
60 
65 
70 
75 
80 
85 
90 
95 


832 
866 


904 


-962 
-976 

999 
96023 

047 
—071 
-095 

118 

142 
-166 
—190 

213 
—237 
—261 

284 
—808 
—332 

855 

—879 
402 
426 

-450 
473 

—497 
620 

-544 
567 

—591 


H«. 


OMO 
55 

60 
65 
70 
75 
80 
85 
90 
96 


05 
10 
15 
20 
25 
80 
85 
40 
45 

9350 

65 
60 
65 

70 
76 
80 
85 
90 
95 


—708 
731 

—755 
778 

—802 

—825 

848 
—872 


I^. 


96614 
688 


661 
-686 


918 
—942 
—965 

988 
97011 
—035 
—068 

081 

104 

—128 

—151 

—174 

197 

220 

243 

—267 

—290 

—313 
—836 
—359 
382 
405 
428 
451 
474 
497 
520 

543 
566 
589 
612 


—658 
—681 
—704 
—727 
749 


Ho. 


9500 

05 
10 
15 
20 
25 
80 
85 
40 
45 

9550 

55 
60 
66 
70 
75 
80 
85 
90 
96 

9600 

05 
10 
15 
20 
25 
80 
86 
40 
45 


56 

60 
65 
70 
75 
80 
85 
90 
95 

9700 

05 
10 
15 
20 
25 
80 
85 
40 
45 


Log. 


97772 

795 

818 

—841 

—864 

886 

909; 

932 

—955 

—978 

98000 
023 
046 
068 
091 
—114 
—137 
159 
182 
204 

227 

—250 

272 

—295 

—818 

840 

363 

885 

—408 

430 

-458 

475 
—498 

520 
—643 

565 
—688 
—610 

632 
—655 

677 
—700 
—722 

744 
—767 
—789 

811 
—834 
—856 

878 


Ho. 


9750 

56 
60 
65 
70 
75 
80 
85 
90 
96 

9800 

05 


10 
15 
20 
25 
80 
35 
40 
45 

9850 

55 
60 
65 
70 
75 
80 
85 
90 
95 

>oo 

05 
10 
15 
20 
25 
80 
85 


45 

9950 

55 


u».  s 


98900 
928 

—945 
967 
989 

99012 

—034 
056 
078 
100 

-123 

—145 

—167 

189 

211 

233 

2S5 

277 

—800 

—322 


—410 
132 
—464 

176 

—498 

520 

—542 

—564 

585 

607 

629 

651 

673 

—695 

—717 

—789 

760 

782 

804 

—826 

-848 

^70 

891 

913 

—985 

—957 

978 


22 


To  find  Log.  95644: 
Log.  95650  =-  98023 
Log.  95500  «  98000 

Dic      50        as 

95544  — 95600  »  44 
Under  SS 
DH  tor  10  X  4  «  18.0 
»*     -        4=  2:8 

•*     "    44-19.8 
Log.  96544  » 
98000  +  20  =  98020. 


25 

»4 

9J5 

0.5 

1.0 

lA 

L5 

1.4 

2.0 

1.9 

U 

2.4 

3.0 

2.9 

ZA 

3.4 

4.0 

8.8 

4JS 

4J) 

10 

5.0 

4.8 

2S 

0.5 
0.9 
1.4 
1.8 
2.3 
2.8 
8.2 
8.7 
4.1 
4.6 


A  dash  bofore 
or  afler  %  log.  de- 
notes that  its  true 
▼alue  is  Um  than 
the  tabtilar  value 
by  less  than  hair  a 
unit  in  the  last 
place.  Thua: 
Log.  9600  — 9822712 
**    9605  —  9824974 

Laoogle 


VZ  0BOHBTBT. 

GEOMETBT. 

lif  ii«m  Flirnres,  Splld««  defined.    Strictly  speaking  a  geometrical  I1b« 

la  tfnpljr  length,  or  dbtaooe.  The  llnee  we  dnw  on  pnper  hare  not  eelj  lentth,  bat  breadth  aa« 
thlekoeee :  still  thej  ere  the  meet  oonTenlent  ejmbol  we  eaa  employ  for  denettnc  a  geoaMtrfaal  Sac 
Straight  lines  are  also  called  rlipht  lines.  A  vertical  line  Is  one  thai  points 
toward  the  center  of  the  earth;  and  a  horlsoatal  one  is  at  right  angles  to  a 
▼ert  one.  A  plane  flirnre  is  merely  any  flat  surface  or  area  entirely  encUMed 
bT  linei  either  atralffht  or  ourrcd :  which  are  oalled  lu  oatUne,  bonadary,  eiroamf.  or  peHpherr.  'W« 
ohen  oonreand  the  oatline  with  the  tig  ItMlf  ae  when  we  apeak  of  drawing  eirelea,  aqaarea,  ho :  Car 
we  aotaally  draw  only  their  ouUInee.  OeometrioallT  ■peaklac.  a  flc  has  length  and  breadth  only ;  ■• 
thickness.    A  Bolltl  Is  any  body :  it  has  length,  breadth,  and  thickness. 

Oeoinetrleally  nlmllar  figs  or  solids,  are  not  necessarily  of  the  same 
iilae ;  but  only  of  precisely  the  same  shape.    Thus,  any  two  squares  are,  scien- 

tlfleallT  speaking,  similar  to  esoh  other ;  ao  also  any  two  eindea.  enbes,  Ae,  no  matter  bow  dlBhwi 
ther  may  be  In  sise.  When  they  are  not  only  of  the  saaM  shape,  bat  of  the  same  siae,  they  ore  saM 
to  be  nlmllar.  and  egn al. 

The  qiiantities  or  lines  are  to  each  other  simply  as  their  lenir*lM;  hut 
the  quantities,  or  areas,  or  surfaces  of  similar  fl^nres,  are  as,  or  in  proportion 
to,  the  squares  of  any  one  of  the  corresponding  lines  or  sides  which  encioee  the 
figures,  or  which  may  be  drawn  upon  them :  and  the  quantities,  or  solidities  of 
similar  solids,  are  as  the  enbes  of  any  or  the  corresponding  lines  which  form 
their  edges,  or  the  Sgares  by  whieh  they  are  enclooed. 

Bern.'— Simple  as  the  followf  ng  operations  appear,  it  is  only  by  eare.  and  good  Inatnnaanta,  tkaft 
they  are  made  to  give  aeenrate  raaulu.  HcTeral  of  them  can  be  mneh  better  performed  by  meaaa  of  m 
meialiio  triangle  baring  one  perfectly  accurate  right  angle.  In  the  field,  the  tapa>Uaa,  akoiB,  or  m 
flMaaoriag-rod  will  take  the  place  of  the  dlriders  and  ruler  nsed  iadoon. 

To  divide  a  riven  line*  a  h,  into  two  equal  parts. 

From  Its  ends  m  and  ft  as  centers,  and  with  any  rad  greater  than  one-half  of  •  k. 


.*.A  describe  the  area  e  and  d,  and  join  «/.    If  the'llne  a  ft  la  rery  long,  lint  lay  olf 
g        eqaal  dlata  a  e  and  ft  g.  each  way  from  the  enda,  ao  aa  to 


approaoh  eenrenieatlj 
near  to  each  other :  and  then  proceed  aa  if  e  ir  were  the  Um  la  be  dlrMad.  Or 
a  ft  by  a  aoala,  and  thaa  aaoertain  its  eontar. 


To  divide  a  irl^en  line,  «a a,  into  nay 
0         ylven  nnmber  of  eqnal  parts. 

From  m  and  it  draw  any  two  parallel  lines  m  •  and  «  «, 
to  an  indeflnite  diet ;  and  on  them,  from  m  and  «  etep  off  tha 
reqd  number  of  eqnal  parts  of  any  eonraaient  length :  final- 
ly. Join  the  corresponding  polou  thaa  stepped  off.  Or  only 
one  line,  as  mo,  may  be  drawn  and  stepped  offl  aa  to  «; 
(hen  join  tn ;  and  draw  the  other  short  linos  parallel  to  lU 

To  divide  a  irlTen  line,  m  n,  into  two  parts  wbleli  sliall  liavo 
a  ffiven  proportion  to  eaeh  other. 

This  U  done  on  the  same  principle  as  the  last :  thaa,  let  the  properttoa  be  aa  1  to  S.  Pint  dww 
any  line  m  e ;  and  with  any  conrentent  opening  of  the  dirldera,  make  m  a  equal  to  oae  step ;  and  am 
equal  to  three  aupe.    Join  t n :  and  parallel  to  It  draw  a e.    Then  me  is  to  en  as  1  Is  to  S. 

▲  JrGI.BSo 

An|r1es.  When  two  straight,  or  right  lines  meet  each  other  at  any  incline 
tion,  the  inclination  is  called  an  anirle;  and  is  measured  by  the  degrees  con- 
Ulned  In  the  arc  of  a  circle  deeorlbed  from  the  point  of  moeUng  as  a  center.  Sinee  all  eirelas,  whether 
large  or  small,  are  suppceed  to  be  dtrided  into  S60  degrees.  It  followa  that  any  number  of  degreee  oTe 
email  circle  will  measure  the  aame  degree  of  ineiinatfon  aa  will  the  same  nnmber  of  a  large  one. 

When  two  atralght  Unoa,  aa  o  n  and  a  ft,  meet  in  each  a  manner  that  the  ineliaation  o  «  a  la  eqoA 

to  the  inclination  on  by  then  the  two  lines  are  said  to  be  .g 

perpendlenlar  to  each  other;  and  the  angles  o  n  a  and         y4*s. 
on 6, are  called  rlgrht  anfl^les ;  and  are  each  measd  by,  or     ^  A  I  A  , 


0  n  6,  are  called  rlgrht  angrles ;  and  are  each  measd  by,  or     .,  A  I    a  t       /C 

are  equal  to.  90*,  or  one-fourth  part  of  the  circumf  of  a  etrela.  Any  angle,  All/^  / 
as  e  e  d,  smaller  than  a  right  angle,  is  called  aente  or  sharp ;  ^^-^/"e — d 
and  one  c  e/,  larger  than  a  right  angle,  is  called  obtuse,  or 
blnat.  When  one  line  meeta  another,  aa  in  the  Brat  Fig  on  opposite  page,  the  two  angles  on  the 
same  side  of  either  line  are  called  eontigrnous,  or  acUaeent.  Thus,  v«  •  and 
•  «  w  are  wUacent ;  also  t «  s  and  law;  »ut  anoa  «  « ,*  «  a  I  and  «au  •.  The  sum  of  two  a^taceat 
aaglee  Is  always  eqoal  to  two  right  angles ;  or  to  1MI°.  Therefore.  If  we  kaow  the  number  of  de> 
greao  aoBtaiaed  in  om  of  them,  and  subtraot  it  front  mSP,  ve  ehtaia  the  other. 
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When  two  stndgfat  linea  enm  each  otber.  fordiing  four 
V  angles,  either  pair  of  those  angles  which  point  In  exactly 
oivoslte  directions  lire  called  opposite,  or  Tertieal 
Aniples  ;  thus,  the  pair  •  « I  and  v  « ts  are  opposite  an- 
gles ;  also  the  (Mir  tnv  and  t  n  %».  The  opposite  angles 
of  any  pair  are  always  equal  to  each  other. 

When  a  straight  line  a  h  crosses  two  parallel  lines  c  4 
tf /,  the  alternate  angles  which  form  a  kind  of  Z  are  ^ 
equal  to  each  >ther.  Thus,  the  angles  il  o  m  and  o  a  /  arS| 
equal :  as  are  also  cow  and  o  «  «.  Also  the  sum  ^  thfl 
two  internal  angles  on  the  same  side  of  a  b,  is  equal  to  twJ 
right  angles,  or  180^;  thus,  eo  a  +  o  «/—  180^»  ~ 
tfo«4-o««3-  IMP. 

An  Interior  anyiev 

Ib  any  flg.  b  any  uci*  fonaad  UuM»  of  thu !!«,  by  tke  bmm(- 
luor  two  or  iu  •idol.  M  ttM  luifflei  c  •  i.  •  »  e,  fc  e  a,  of  this 
trimaglo.  All  the  Interior  aaffloo  of  «a/  BtnlchtpllDod  flf  are  oT 
•ay  naabor  of  aldao  whstow,  ara  logMher  oqiul  to  iwlee  m 


naay  richt  aacioo  mlau  four,  •■  tho  flfwo  hma  sidei.  Tbu,  a 
trlADclr  bsa  3  ■Idoo :  tvtoo  that  nambor  la  6;  and 6  right  anglaa, 
or«X  Wo=MO»:  fhmiwhiehtaka4rifhtang|«a.or860°;  an^ 


>ffI*«B 


tbore  raiBain  IMP.  whieh  b  tbo  anoibor  of  dagrtoa  In  orerT 
plaae.  or  amigbt  Haad  trlaagla.  Tbb  iiriaolpla  faralthea  aa 
eaiy  means  of  teatlng  oar  BBaasaramants  of  tha  angloa  of  any 
flg ;  nnr  ir  the  ram  of  alt  oar  moaanraawota  daaa  not  agrae  w{ts 
bj  ta«  nue,  it  b  a  pfraef  that  w«  hara  eemmittad  a 


&/» 


An  exterior  an^le 


Of  any  ctralght-llnod  figare,  b  aay  angle,  aa  •  ft  <i,  fonnad  by  tba  BMotlag  of 
any  atda,  aa  a  *,  vUb  tha  prolongatioo  of  an  a4Jaaent  aide,  as  e  i ;  ao  likewise 
tba  aogiaa  e  •  «  and  tew.  All  tha  exterior  auglea  of  aay  atralght-llned  flg, 
no  mailer  how  auuiy  atdea  It  may  bare,  aawunt  to  WP  \  but.  In  tbe  ease  of 
a  rt-€M«riang  angle,  as  ^  l>,  tho  interior  angle,  gij,  esooads  IW,  and  tha 
**esi«rbr "  angle,  pis,  being  s  li»o  —  intailor  ongla,  la  ntgattve.  Thua 
abd-i-  hete-r  easBgafiP;  mud  9  kj  +  m  J  i  —  g  ia  +  igttssWmP, 
Anglea,  as  a,  &,  e,  g,  A,  and>,  which  point  owAMrtf,  are  sailed  aallent. 


From  anx  ffiYen  point,  i»>  on  a  line  •  f, 
to  draw  a  perp,  p  a. 

Fraoa^wlcli  ny  ooBTOBloBt  opening  of  the  dirlden,  step  alT  tbe 
•qanlaj»«,r9.  From  e  and  f  as  oenters.  with  any  opening  greater 
thaa  italf  •  g,  deeerlbe  the  two  abort  area  ft  and  e;  and  Join  •  jn 
Or  alfil  better,  deaeribe  fear  aroa.  and  Join  a  y. 

Or  fkrom  p  with  any  conyeuient  scale  describe  two 

short  SKs  ttaroach  g  and  •,  either  one  of  tbem  with  a  radlua  S, 
aod  tha  other  with  a  red  4.  Then  fram  g  with  nd  6  describe  the 
are  ft.    Join  p  a. 


If  tMe  point  p  la  at  one  end  of  tbe  line, 
or  very  near  it, 

BxHad  tho  Una,  If  possible,  and  proaeed  as  abora.  Bat  If  thb 
eaaaot  be  done,  then  nrom  any  oooTonleot  point,  ir.  open  the  dind' 
er«  to^,  and dasartbe  the  semleirole,  tpo;  through  o  w draw  o  w 
s:Jote^s. 

Or  nae  tiie  laat  fere^oin^  proeeM  with       ^ 

n<BS,«,aBdft. 


Fronoi  a  yiven  point,  o,  to  let  Itell  a 
porp  o  «» to  a  iriveifl  line,  m  n. 

Frem  o,  aeasora  to  the  Una  e»  n,  any  two  eqaal  dlsta,  0  e,      m.       a 
os;  and  f^oas  e  and  a  aaeeBters,  with  aay  opening  greatar      i  1 

Ihaahalf  ar«e^deaaitbathatweaTaanaBdft:Jolnol.  Or 
tnm  aay  aoiat.  aa  4  on  tbe  lino,  opjn  tbe  dlTiders  to  o,  and 
iasaribelhaaraof ;  make  I « equal  to  <• }  and  join  •  a. 
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If  t]i«  line,  a  b,  la  on  tbe  rwnnd* 

And  a  Mrp  la  reqd  to  b«  dnwo  ttom  e,  fint  meMor*  off  any  (wo 
eqaiJ  dUu,  cm,  en.   At  «•  and  n.  hold  the  endj  of  a  plwM  of  Mribg. 
Upo-Une,  or  chain,  «•  «  n :  then  Ughtcn  oat  th«  atrinc,  Me,  aa  ahown 
br  m  «  n ;  a  being  iu  oenter.    Th«n  will  •  e  bo  the  roqd  perp.    Or  if 
«h«  perp  a»  jv  la  to  be  drawn  from  the  and  of  the  line  w  s,  flrat  meaanre  »  y 
vpon  the  line,  and  equal  to  three  feet;  Chen  holding  the  endofa  upe- 
line  at  c,  and  ita  nine  Ibet  mark  at  y.  hold  the  four  feet  mark  at  *,  keep- 
tug  ar  x  and  a  y  equally  atrotohed.  Then  «  s  wUl  be  the  raqd  perp.  beeauae 
i,  4,  and  ^.  make  the  atdea  of  a  right-angled  triangle.   Instead  ofS.  4,  and 
6,  any  mnltfplea  of  thoae  nnmbara  may  be  need,  aneh  aa  6.  8.  and  10 :  or 
9,  la,  16,  Ao :  alao  inatead  of  feet,  we  may  naeyarda,  ehalna,  Ae. 


Throofcb  »  frlven  point,  a,  to  draw  a 
line,  a  e,  |»amllel  to  anotber  line, 

«/. 

with  the  perp  diet,  a  e,  tnm  any  point,  n,  in  e/, 
•a  arc,  t ;  draw  a  «  Jnat  touching  the  arc. 


r^ 


^  X 


At  any  point,  a,  In  a  line  a  h, 
to  make  an  anicle  oa  6,  equal 
to  a  iriven  anicle,  tn  n  o. 

From  n  and  a,  with  any  eonrenleatrad.  deaeribe 
Ae  area  «!,«(«;  meaanre  «  (,  and  make  •  tf  equal 
to  It;  through  a  d  draw  a  e. 


To  bisect,  or  divide  any  an^le,  w»y,  int« 
tivo  equal  parte. 

From  «  aet  off  any  two  eoual  dista,  s  r,  ac  a.  From  r  and  a  with  any  rai 
deaeribe  two  area  iuMraaetlng,  aa  at »;  and  Join  •  c  If  the  two  mm  af 
the  angle  do  not  meet,  aa  e/  and  g  h,  either  flrat  extend  them  natQ  they 
do  meet ;  or  else  draw  lioea  x  w,  and  ay,  parallel  to  tham,  and  at  eqoal 
diau  from  them,  ao  aa  to  meet;  then  prooaed  aa  before. 


All  anglea,  aa  n  a  m,  n  o  m,  at  the  olreomr  of  a  aemioirele,  and  atand- 
Ing  on  iu  diam  h  «.  are  right  anglaa;  or,  aa  it  la  uaually  expreaaed, 

„.    all  angles  In  a  semicirele  are  riffht  anfflee. 

*     An  angle  n  «  x  at  the  oenter  of  a  circle,  la  twice  aa  great  aa  an  angle 
M  m  »  at  the  ciroumf,  when  both  atand  upon  the  oame  arc  n  jc 


All  anglea,  at  y  d|>,  y  «  p.  y  #  p.  At  the  dnramf  of  a  eirole.  and  Jtandlng 
upon  the  aame  arc.  aa  y  s,  are  eqaal  to  each  other ;  or,  aa  naually  exprBaaod. 

.e   all  angles  in  tbe  same  sefrment  of  a  circle  are 


ft  of  aa  aagto  ia  what  It  laeka  of  foo.  Thne,  the  oam. 
—  800=100.  and  thai  ar  SlOO  la  too ->  1100= -.two. 
MlDpleaiWlft  of  an  angle  ia  what  It  laoka  of  180o.  Thna,  tbo  a«npl» 
__  jt  or5?»  U  1800  -.  80O  =  lOOO;  and  that  of  tlOO  b  IflOO  —  2lOO  =  —  fi^ 
But  ordinarily  w«  may  negleettthe  algna  -4-  and  — ,  belbr*  eemplemaata  aatf 
aapplementa,  and  call  tha  oemplemeBt  of  aa  aof^  Us  dig  fraa  WO*  aal 
the  aapplflaoat  Ita  dig  fhmt  VB6p, 
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Aaffl«s  in  a  P»rall«l< 


»ii«l  deelmaUi 


Apftrallelognun  isaiiTrour-ddedstraighUliiiedftg- 
ure  wbo«e  opposite  sides  are  equal,  Mabed;  or  a 
square,  Ac.  Any  line  drawn  across  a  parallelogram 
between  2  opposite  angles,  is  called  a  dtagcnal,  as  a  c. 
or  bd.  A  diag  divides  a  parallelogram  into  two  equal 
parts;  as  does  also  any  line  m  n  drawn  through  the 
center  of  either  diag;  and  moreover,  the  line  m  n 
itself  is  div  into  two  equal  parts  by  the  diag.  Two 
diags  bisect  each  other;  they  almdivide  the  parallel- 
ogram into  four  trianf;les  of  equal  areas.  The  sum 
of  the  two  angles  at  the  ends  of  any  one  side  is  =  180°;  thusu  dab  +  abe=^abe -{■ 
bed—  180'';  and  the  sum  of  the  four  angles,  dab^abe^bcdjCda^  WXfi. 

The  sum  of  the  squares  of  the  four  sides  is  equal  to  the  sum  of  the  squares  of  the 
iwodlags. 

T«  r«dnee  Mlnntei  and  S«eoiid«  to  Pcyrec» 
of  o  Pcgrccs  etc 

In  any  given  angle — 
STamber  of  dc^jcca  =»  Number  of  minutes  +  eOi 
as  Number  of  seconds  ■+■  3600. 

Jf  umber  of  mf  ntes  »  Number  of  degrees  X  6a 
B  Number  of  seconds  -i-  GO. 

9f  VBiber  of  aeeonda  ^  Number  of  degrees  X  3600. 
M  Number  of  minutes  X  60. 

TM»le  of  Minutes  nnd  Seeonds  in  Decimals  of  m  Detrree, 
and  of  Beeonda  in  Decimals  of  a  Minute. 

(The  columns  of  Mins  and  Degs  answer  equally  for  Sees  and  Mins.) 

Mina.  Deg.   I  Mins.  Deg.  I  Mins.  Deg.    I    Sees.    Deg.    j  Sees.    Dcg.  jsecs.    Deg. 
In  each  equivalent,  tlie  last  dig-it  repeats  indeflniteiy.    See  *  below : 


1  aois 

21 

0.350 

41 

0.683 

1 

a00027 

21 

0.00688 

41 

a01188 

2    0.033 

22 

0.866 

42 

0.700 

2 

a00055 

22 

0.00611 

42 

a01166 

8    0.060 

23 

0.383 

43 

a7i6 

3 

a00083 

23 

a00638 

43 

a01194 

4    0.066 

24 

0.400 

44 

a733 

aooiii 

24 

aOU666 

44 

0.01222 

5    aQS3 

25 

0.416 

45 

0.730 

O.0O138 

25 

0.00694 

45 

a01250 

6    0.100 

26 

0.433 

46 

0.786 

0.00166 

26 

46 

a01277 

7    0.116 

27 

0.450 

47 

0.783 

0.00194 

27 

0.00750 

47 

0.01305 

8    ai33 

28 

0.466 

48 

asoo 

a00222 

28 

0.00777 

48 

0  01333 

9    0.160 

29 

0.483 

49 

a8i6 

0.00250 

29 

0.00805 

49 

0.01861 

10    0.166 

30 

asoo 

50 

a833 

0.00277 

30 

a0Q683 

50 

a01888 

11    0.18S 

31 

0.516 

51 

asso 

a0Q806 

81 

aO0661 

51 

0.01416 

12    0.200 

32 

0.533 

52 

a866 

0.00833 

82 

0.00888 

52 

a01444 

13    0.216 

33 

0.650 

53 

a883 

a00361 

33 

a00916 

53 

a01472 

14    0.233 

34 

0.566 

54 

a9oo 

0.00388 

34 

0.00944 

54 

aoisoo 

15    0.250 

35 

0.588 

55 

a9i6 

a00416 

85 

a00972 

55 

0.01527 

16    0.366 

86 

0.600 

56 

a933 

a00444 

86 

0.01000 

56 

a01555 

17    a283 

37 

0.616 

67 

0.9d0 

a00472 

87 

0.01027 

57 

0.01583 

18    0.300 

88 

0.633 

58 

a966 

O.0O500 

88 

a01065 

58 

aoi6ii 

19    0.816 

39 

0.650 

59 

a983 

0.00527 

39 

0.01083 

59 

a01638 

20    0.333 

40 

0.66G 

60 

1.000 

20 

a00666 

40 

0.01111 

60 

a01666 

SeciL  Min. 

Sees.  Min. 

Sees. 

Min. 

SeoB.    Deg. 

Sees.  Deg. 

Sees.  Deg. 

*  Each  equivalent  is  a  repeating  decinsal,  thus : 

2  minntes  =  0.03333:i3  ....  degree    1    12  seconds  =  0.2000000  . 

7        "        »  0.1166666  ....       ^'  1  second   ^  0.0002777  . 

12       *<        «  O.2OO0QOO  ....       *'        I    30  seconds  =  0.0138888  . 
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ANGLES. 


Approximate  Measurement  of  Angles. 

(1)  The  four  flneers  of  the  hand,  held  at  right  angles  to  the  arm  aad 

nt  arm's  length  from  the  eye,  cover  about  7  degrees.  And  an  angle  of  ?<>  oom- 
sponds  to  about  12.2  feet  In  100  feet ;  or  to  86.6  feet  in  100  yards ;  or  to  646  feet  in  a 
mile. 

(»)  By  means  of  a  two-foot  mle,  either  on  a  drawing  or  between  dis- 
tant objects  in  the  field.  If  the  Inner  edges  of  a  common  two-foot  rule  be  opened 
to  the  extent  shown  in  the  column  of  inches,  they  will  be  inclined  to  each  other 
It  the  angles  shown  in  the  column  of  angles.  8ince  an  opening  of  \4  inch  (op 
to  19  inches  or  about  105<>)  corresponds  to  from  about  l^  to  1°,  no  great  accarmcy 
is  to  he  expected,  and  beyond  105®  still  lees;  for  the  liability  to  error  then  in- 
creases very  rapidly  as  the  opening  becomes  greater.  Thus,  the  last  Vi  inch  cor- 
responds to  about  179. 

Angles  for  openings  intermediate  of  those  given  may  be  calculated  to  the 
nearest  minute  or  two,  by  simple  proportion,  up  to  23  inches  of  opening,  or 
about  1470. 


Table  of  Angles  correapondlnc  to  openlnni  of 

(Original). 


a  8*f€»ot  rule. 


OottwaH. 

IBI. 

Dec-  mlD. 

lu. 

Dermla 

Int. 

Deff.mln. 

Ids. 

1>«e.mtn. 

Int. 

D«C.»lii. 

laa. 

D««.aila. 

H 

1  12 

4M 

»  84 

8)4 

40  18 

12K 

61  23 

18)4 

86  14 

8O34 

IIS  * 

1  48 

» 

40  61 

62  6 

86  8 

118  U 

H 

%    24 

H 

21  87 

H 

41  28 

H 

62  47 

H 

88  62 

H 

IIT  8» 

8  00 

28  IS 

42  7 

6S  28 

8T  41 

118  89 

H 

8  86 

H 

»  60 

H 

42  46 

H 

64  11 

H 

88  81 

H 

119  4e 

4  11 

28  27 

48  24 

64  68 

88  n 

120  is 

1 

4  47 

6 

84  8 

t 

44  8 

13 

66  85 

IT 

90  12 

21 

in  • 

6  23 

84  80 

44  42 

66  18 

91  8 

m  8» 

H 

6  58 

H 

25  IS 

H 

45  21 

H 

67  I 

34 

91  64 

34 

124  a 

6  84 

26  63 

46  50- 

67  44 

98  4f 

IS  64 

H 

T  10 

H 

28  80 

H 

46  88 

H 

68  28 

H 

98  88 

34 

127  14 

7  4e 

27  7 

47  17 

68  12 

94  81 

128  8» 

H 

8  n 

H 

27  44 

H 

47  66 

H 

69  55 

H 

96  84 

X 

129  m 

8  88 

28  21 

48  86 

70  88 

98  17 

.81  9S 

s 

t  84 

6 

28  68 

10 

49  16 

14 

71  22 

18 

tl  11 

22 

182  •• 

10  10 

20  85 

48  64 

72  6 

98  6 

lU  84 

H 

0  40 

H 

80  11 

H 

60  84 

H 

T2  « 

34 

90  00 

34 

186  68 

11  « 

80  4» 

61  IS 

73  16 

90  66 

187  81 

H 

11  58 

H 

81  86 

H 

61  68 

H 

74  21 

H 

100  61 

H 

in  u 

13  84 

82  8 

68  88 

76  6 

101  48 

141  1 

H 

18  10 

H 

82  40 

H 

68  18 

H 

76  61 

H 

108  46 

H 

142  81 

8S 

88  17 

68  59 

76  86 

190  48 

144  4« 

8 

1 

88  64 

u 

64  84 

15 

77  22 

19 

104  41 

28 

146  48 

14  68 

84  8S 

66  14 

18  8 

106  48 

148  El 

a 

15  84 

H 

85  10 

34 

65  65 

H 

78  64 

M 

108  89 

34 

161  IT 

10  10 

85  47 

66  85 

79  40 

lOT  40 

158  48 

H 

10  46 

H 

86  25 

K 

67  16 

H 

80  27 

34 

108  41 

H 

156  81 

IT  22 

87  8 

67  67 

81  14 

109  48 

lae  U 

« 

17  60 

H 

87  41 

H 

68  88 

H 

82  8 

H 

110  46 

H 

MS  87 

18  85 

88  10 

69  19 

62  49 

111  49 

188  18 

4 

19  12 

M  48 

8 

88  67 
80  86 

12 

60  00 
60  41 

16 

88  87 
84  26 

M 

118  68 

118  08 

24 

180  09 

(8)  With  the  same  table,  nslny  feet  insteoMi  of  Inehes.  From 
the  given  point  measure  12/e«/  toward  *  each  object,  and  place  marks.  Keasare 
the  distauce  in  feet  between  t  hese  marics.  Suppose  the  first  column  in  the  table  to 
be  fed  instead  of  inches.    Then  opposite  the  disuuce  in  /eet  will  be  the  angle. 


^  foot  *-■  1.0  inches. 


lin.  —  .083fL 
2  ins.  M  .167  ft. 
8  ins.  -  .23  fb. 


4  ins.  »  .838  ft 
6  ins.  »  .416  ft. 
6  ins.  —  JS  ft 


7  ins.  «  .583  ft 
«  ins.  «  .667  ft 
»  ins.  1-  .75  ft 


10 ins.-   .888ft 

11  ins.  »    .917  ft 

12  ins.  «  1.0  ft 


(4)  Or,  meaanre  toward  *  esieh  object  100  or  any  other  number  of 
foet,  and  place  marks.    Measure  the  distance  in  feet  between  the  marks.    Then 

Sine  of  ha{f  haffihe  distance  between  the  marks 

the  angle    "  the  dlsUnce  measured  toward  one  of  the  ol^eets' 

B'ind  this  sine  in  the  table  pp.  98,  etc. ;  take  oat  the  ooriesponding  angle  and 
multiply  it  by  2 

(5)  See  last  paragraph  of  foot-note,  pp  152  and  158. 
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For  illiMtratiOHS,  see  p  97  d. 

1.  17sii»l  woasore  of  anurias-  If  a  cirde  be  divided  into  360  equal 
ansa,  eeu^  of  these  arcs,  or  the  aoi^  at  center,  subtended  by  it,  is  called  a 
d«ipre«  (*).  l*:aeh  degree  is  subdivided  into  60  minates  (')  and  eaefa 
minute  into  60  seeoiMb  (*).    A  rlirl>t  a«irl«  is  &Q  angle  of  90°. 

8.  Cf iwlar  measure  of  asyle*.  The  are  whose  length  is  equal 
to  the  radius,  or  the  aiigle  at  center  subtended  by  such  arc,  is  called  a 
radian.  Since  the  semi-drcumf  (see  p  161)  is  —  v  X  radius  ->  v  radians 
-  180°.  we  have 

iMMUaii  -  ^  -  3l^^+  •  57.2957795.. .•.     Log  -  1.758  1226w 


1  degree    »  0.017  453  292  520  radian;) 

1  zniDute  »  0.000  290  8SS  209  radian;  V  see  table,  p  185. 

1  second   »  O.UOO  001  »iS  137  radian; ) 


S.  Ratio  of  are  to  radius.  In  any  angle,  the  length  of  the  are,  in 
terms  of  the  radius,  may  be  called  the  are  of  the  ao^e.  Thus,  in  Figs  1* 
and  3*.  arc  vl  —  ZB  /  OZ.     For  other  angular  ratios,  see  HH  6  and  10. 

4.  PooitiTe  and  nefpatlTe  auyles.  In  Fig  1*,  suppose  a  radius,  as 
OZ,  to  sweep  around  the  whole  or  part  of  the  curcle  to  the  If  ft  or  counter' 
cloekwiMe,  as  indicated  by  the  arrow.  Angles  or  area,  as  ZB,  BC,  ZBC. 
CDS.  ZBCDE,  ihuM  deacribed,  are  considered  positlTe,  e  g.  arc  ZBCDB 
—  +280"* ;  while  angles  described  bv  a  radius  travelling  in  the  ommiu  or 
doekwue  direction,  as  ZS,  EDC»  ZeDCB,  are  considered  negative,  e  g. 
arc  ZB  -  — S0». 

5.  Coaiuiemen*,  Supnleaient,  etc.    For  any  aag^  A,  we  ha^: 
conpfement  A  -  9(^  —  A ;  aupplemeut  A  -  1^  —  A  ; 

explemeui  A  -  360^-  A.    See  1  7. 

6.  Amm^tMrnr  Iteuctionfl,  or  aoniar  ratios,  are  the  ratios  betweeo 
the  Okies  of  a  right-triangle.  log  2*.  The  principal  ratios  of  an  angle.  .4,  are 
the  slue  (ain  A),  eoaine  (ooe  A),  tansentf  (tan  A),  eoseeaot  (esc  il.) 
seeaut  (sec  A),  and  eotauffeut  (oot  A  or  ctn  A).  For  otlier  ratios,  mo 
11  3  and  10. 

In  Fig  2* 

s«»  a         *        oppoute  side.  .  I       _   e  hypotenuae  ^ 

e  hypotenuse  am  A         a        opposite  ade 

Goo  A  —    ~  -»   adjacent  side.    ^^^  ^  ^       1        ^    «.  .     hypotenuse  ; 

^    e   "     hypotentiae  *  *  oos  A   "   6  "  adjacent  aide* 

-I -         a         opposite  aide.    ^^^  *  I  *        adjacent  side 

6         adjacent  ade  tan  A         a        opposite  ade 

7.  If  we  represent  the  denominator,  in  each  of  the  ratioe  of  1 6,  by  a  line 
of  unit  length,  then  the  leng^tli  Of  tlie  line  representing  the  numerator 
gives  the  value  of  the  ratio.  Thus,  in  Fig  3*.  let  radius  OB  •>  1,  angle 
ZOU  -  90°.  ZOB  -  aoy  an«^.  A.  and  let  MB  and  ZB'  be  perpeodioulBr 
to  OZ.    Then : 

sin  A  -  3fB :      eos  A  -  OAT  -  If'B :      tan  A  -  ZB'\ 
cse  A  -  OB";      see  A  -  0B'\  eot  A  -  UB\ 

The  sine  (etc),  thus  ezpreand,  was  formerly  called  ths  natural  sine 
(etc),  or  sine  (etc)  to  radius  1. 
Note  that 

eos  A   —  sin  (00^  ~^  ^)   ""Bin  (complement  A 
cot  A   *■  tan  (90°  —  ^l   "  ^°  (complement  A, 
cao  A    —  sec  (90°  —  A)   -»   sec  (complement  A] 
See  1  13. 

*  For  illustrations,  see  p  97  d. 

t  This  use  of  the  word  **tangent"  was  sug^peeted  by  its  use  in  geometnr. 
t»bere  it  denotes  any  line  touching  a  curve  without  interaeoting  it.  In  the 
loeatioa  of  railroad  curves,  the  name  ** tangent"  is  often  given  to  the  spe^ 
distanoe."  which  is  the  triflonometrieal  tangent  of  Jg^g^S^WB^le 
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8.  PoflltlTe  aii«l  nefratlTe  ftlprnii.  Fig  4*.  Suppose  the  eiraie 
divided  into  four  quadraDta,  I,  II,  III  and  IV,  beginning  on  the  right  of  and 
above  the  center,  and  progressing  to  the  left,  or  counter-clockwifle.  Then, 
vertical  or  horiiontal  hnes,  measured  upward  from,  or  to  the  right  of,  the 
horisontal  and  vertical  diameters,  respectively,  are  considered  positive; 
while  such  lines  measured  downward  from,  or  to  the  left  of,  the  same  diama, 
are  considered  negative;  but  the  radius,  in  whatever  quadrant  it  may  lie, 
is  always  oonsidered  pos  when  measured  from  the  center  outward.     Hence, 

Sine  (and  cosecant)    pontive  in  ujmer  quadrants; 

CoeiDe      (and  secant)  **       **  mm-hand 

Tangent  (and  cotangent)        "      "  firti  and  third  '*  or: 

In  4iuMlniiit  I  II  III  IT 

Induding  angles  from     QPtoW*  90*»  to  180»  180»  to  270«  270<»to360« 
Sine  and  cosecant                  +                  +                      _  _ 

Tangent  and  (^tangent        +  —  +  — 

Secant  and  Cosine  +  —  —  + 

9.  Nnmerical  Talnes  of  fkinetlonft  of  certain  angrles. 


0«» 

SO'* 

45» 

OC^ 

90*' 

1»0° 

180*» 

a?©** 

860^ 

Sine 

0 

1 

8 

iN/2 

^a/3 

1 

iV3 

0 

-1 

0 

Tangent 

0 

iA/3 

1 

V5" 

00 

-V3 

0 

00 

0 

Secant 

1 

|W 

Va" 

2 

00 

-3 

-1 

00 

1 

Cosine 

1 

Ia/s- 

i^ 

1 

2 

0 

8 

-1 

0 

1 

Slne^ 

0 

1 

4 

8 

4 

8 

4 

1 

4 

0 

1 

0 

Tangent^ 

0 

1 
8 

1 

3 

00 

8 

0 

00 

0 

Secant^ 

1 

4 
8 

2 

4 

00 

4 

1 

00 

1 

Cosine* 

1 

8 

4 

2_ 

4 

1 

4 

0 

4 

1 

0 

1 

For  equations  between  angular  functions,  see  ^H  14  to  19. 
10.    Otber  Fnnetlons.    See  also  ^t  3  and  6. 

In  Fig  3».  BN  -  chord  2  A  -  2  sin  A  ;     and  ebord  A  -  2  sin  (A/2).« 
Tbe  versed  sine,  MZ,  Fi^  3,  of  an  an|!:le,  A,  is  vers  A  —  1  —  coa  il. 
It  is  much  used  in  connection  with  the  location  of  railroad  curves. 

Tbe  eoTersed  sine  (covers),  C/'<7,  —  1  —  sin  i4.  Fig  3.  of  an  angle, 
A.  is  the  versed  sine  of  the  complement,  BOU,  of  A. 

By  their  definition?,  vers  i4  (—  1  —  cos  A)  and  covers  A  (—  1  —  mn  A) 
are  always  pos.     In  the  4  quadrants.  Fig  4*.  their  values  change  as  follows: 
<|nadrant  I  II  III  lY 

Including  angles  from    0»  to  90*    90»  to  180"   ISO*  to  270»    270*  to  3W 
Versed  sine  Otol  lto2  2tol  .ItoO 

Coversed  sine  1  to  0  0  to  1  1  to  2  2  to  1 

Tbe  exftemai  secant  (exsec)  B  B\  Fig  3,  of  an  ansle,  A.  —  sec  A  —  I. 
Like  the  versed  sine,  it  is  used  in  the  location  of  railroad  curves. 

'I-or  Uln.traao».,«op»7A  ^^,^^^gH, 
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Table  of  sf  lies,  taoa,  eoiana.  eoslaca. 

For  logarithmic  stnes.  etc.,  see  pp  143  a,  eto. 
11.    Table  of  Natnral  Aniralar  Itatloa.    The  table,  pp  98-142, 
oontaine  the  natural  sines.  tangeDts.  cotanceiits  and  oosiDee  of  apgleB  from 
OP  to  90°,  proi^reaaing  by  nngje  minutes.    Functions  for  intermediate  angles 
can  be  found,  in  nearly  all  cases,  with  sufficient  approximation,  by  simple 
proportion.     For  ItaneUonti  not  ylTen  In  ibe  table,  we  have  : 
Seeant  A      —  1/oos  A;        Versed  sine  A      «=   1  —  coe  it; 
Cosecant  A  —  l/sin  A;        Coversed  sine  A  —  1  —  sin  A; 
Chord  A       -  2  sin  (A/2);  External  secant  A  -  sec  A  —  1  —  (l/eoe  A)  —  1. 
18.    AMie  as  fltanetlan  of  ratio.    The  arc  (or  angle)  whoee  sin, 
tan,  etc,  is  7.  is  called,  by  continental  writers,  arc  sin  /.arc  tan  /,  etc,  or 
anti-ain  /.  anti-tan/,  etc.  and,  by  English  writers. 

Thus,  let  A  -  the  angle ;    /'  —  sin  A  ;    /'  —  cos  A.    Then 
A  ""  arc  sin/'  -•  anti-sin/'  -•  sio""*/' 
—  arc cos/*  —  anti-cos/*  ■•  cos""*/'. 
Example.    Let  A  ->  30<».    Then  /'  -  sin  30<*  -  0.5;  /«  -  eos  30*  - 
0.866...;  and  ^ 

30^  —  arc  an  0.5  —  anti-sin  0.5  —  sin      *  0.5 

-  are  cos  0.866. . .  -  anti-eos  0.866. . .  -  ooe  ~~  ^  0.866. .  • 
Fnaetloiui  of  Sapplements  and  Complenienta. 
IS.    Putting  A  —  any  angle,  and  P  «»  "any  trig  function  of,"  we  have  the 
foUowiag  convenient  rules,  see  Fig  5:     (For  vers  and  covers,  see  p  97a,  ^  10.) 
F{±  A  ±  (an  even  multiple  of  90^)  1  numericaUy  -•  sam«  function  of  A; 
Fl±  A  ±  (an  odd  multiple  of  90°)  T  numerically  —  eo-^named  function  of  A; 
the  sign  being  determined,  in  eaen  case,  by  considering  the  quadrants  in 
which  the  an^es  lie.    (See  1  8.)    Thus,  numerically: 
Sin  A   -  sin  (180°  +  A)  -  sin  (180»  —  A)   -  sin  (A  —  180*) 

-  cos  (  90*  +  A)  -  cos  (  90*  —  A)   -  cos  (A  —    90*); 
Cos  A   -  cos  (180*  +  A)   -  cos  (180*  —  A)   -  cos  (A  —  180*) 

-  sin  (  90*  +  A)  -  sin  (  90*  —  A)  -  sin  (A  —    90*); 
Tan  A   -  tan  (180*  +  A)  -  tan  (180*  —  A)  -  tan  (A  —  180*) 

-  cot  (  90*  +  A)  -  cot  (  90*  —  A)  -  cot  (A  —    90*). 
Prapcrtiea  of  the  tri«onoBietrie  flfeinetiona.  Flea  6,  7,  ft. 

14*  Far  anjr  an^^le.  A,  we  have : 

tan  A  -  ^^ :  ains  a  +  eoe»  A  -  1 ; 

cos  A 

1  +  tan>  A  -  seo>  A ;  1  +  eat^  A  -  cs<^  A  ; 

•»#  a  .       ^       «  «»^  •     a^  A  -       ^       •     M«  A  -       ^      «  '^  ^ 

tan  A       an  A  cos  A  an  A       taoA 

From  Fig  4,  sin  (—  A)  —  —  sin  A  ;    tan  (—A)  —  —  tan  A  ;  and 
cos  (—A)  —  cos  A. 
IS.  Far  anjr  two  anclea,  A  and  B,  it  may  be  shown  that 
sin  ( A  +  B)  <*  sin  A  .  cos  B  +  con  A  .  jiin  fi ; 
and  cos  (A  +  if )  —  cos  A .  cos  B  —  sin  A .  sin  JS ; 

»,  dividing  by  ^^;^f  .  weobtwn 

♦*«  tA  A.n\  ^  «n  (^  +  -g)  _    tan  A  -f  Un  g 
*"  ^^  ^  ^^        cos  (A  +  B)  "  1-tanAtanB' 
16*  Patting  A  —  B,  in  the  formulas  for  (A  +  B),  we  have 
Bin  8A  -  2  sin  A. cos  A; 

caa  3A  -  coeaA-sin^A-  1  —  2  sin*  A  -*  2co^A-lS 
*-«  «  A  2tan  A 

•■"  ^'^  "  1  -tan*  A" 
aod,  i*i^»ipng  B  to  — B,  we  have 


{ 


ain  (A  —  B)  —  sin  A .  cos  B  —  cos  A  .sin  B ; 
caa  (A  —  B)  ->  cos  A .  cos  B  +  sin  A .  sin  B ; 
tan  A  —  tan  B 


tan(A  — B)  -> 


1  +  tan  A  .  tan  B 


d  by  Google 


97  c  PLANB  TRIGONOMETRY. 

17.    Since  oo«  2  A   -    1—2  tav^A,  we  have;   (putting  A/2  for    -<!t| 
008  A  -  1  —  2  sina-2  ;  or  sin  ~  -  JJLzi|??ji ;  and.  since  ooe  2  il    - 

2  coe2  A  —  1.  we  have  2  cob»  -y  -  cos  A  +  1.  or  cos  ^  -  JjJLj'??-^ 

^  K.  ^t««  ^  -  ^"  ^/^  -    /  1  -  COS  A  „  l^^ogaA,       ^nA 

and  hence  tan  -  -  ^^-^j^  -^/__  __.  ^^  ^  1+  coe  M 

IS.    Formnlan  traniironnliiir  a  Hum  or  dlfrerc>ii«e  A™*^   * 
prodaet«    Combining  the  formulas  for  sin  (A  ±  B)  and  ooe  (A  J:  Jd).  ^re 
Eave.finaUy:                                  ,   .    .4   +  B            ^-B 
sin  A   +  Sin  B  -      2  sin  — ^ —  •  ^'^^^ 2 — 

.«  „.A  —  B  A+B 

sin  A  —  Bin  B  —      2  sm  -— ^ — -  •  coe  —  ^  — 

A   +  B  A  —  B 

cos  A  +  COB  B  =      2  cos  — ^ —  .  cos  - — ^ — 

^    .     A    +  B       .     A  —  B 
COB  A  —  cos  B  -  —2  sin  — -^ —  .  sin  — ^  — 

See  also  %  20,  for  formulas  used  in  solution  of  triangles. 
19.  Any  function  of  an  angle  may  be  expressed  In  f  eruM  of  any 
otlier.    Thus,  Figs  6,  7.  8 : 

in  terms  of  the  sine  t  ^ 

cos*  A    —    1  —  sin^  A  ;       hence,  cos  A    —    V'l   —  sin*  A  ; 

cos  A  y  i  —  8in2  a' 

sec  A    — 


COS  A  v/l"—  8in2  a' 

in  terms  of  the  tan|ir«nt: 

Bec«  A  -  1   +  tan*  A :     hence,  sec  A  -  /l   +  tan*  A ; 

.         _1 J . 

^^       "   sec  A  |/i   +  tan2  ;r 

""       "    sec  a'   "    ]/r+  "tan^A 
20.  Formnlas  nned  in  ttae  solution  of  trlanffles.    Fig  0.     Ijet 
o.  6,  c  be  the  sides  of  any  plane  triangle,  and  A,  B,  C  the  angles  opposite 
a,  b,  c  respectively.     Then 

sin  A  a  See  also  pp  148  to  156. 

^j^-Q   -   -y  See  Case  2,  p  150. 

a*  —  6*  +  c*  —  2bcco«A; 

^       A  —  B         a  —  h     .^^  A   +  B, 

tan   —2 a^r6  •  **"  '~2~   • 

tan  vr  —  ;  where   a  —  ^         , 

20  —  a  -6 

—   radius  of  inscribed  circle.  Wig.  9. 

Area  of  th«  triangle  -   ^^""^   -  r«  -  i/s  (s  -  cO"(«  -  6)  (s  -  c) 

«   gin  A  sin  C  y 

""        2  sin  B      *  ^  J 
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143a       LOQARITHHIC  TBIOONOHETBIG  FDNCTION8. 

LOGABTTHMIG  TBIOONOMETBIO  FUNOTIOIIS. 

(Logarithms  of  trifODometric  ratioa.) 

(1)    The  **losaritbiiile**  sftnet  tonfreiit,  et«.  (loc  rin,  loc  tan. 
etc.).  of  an  arc  is  the  logarithm  of  the  natural  sin,  tanc.  etc.,  of  the  arc   Thoa  : 
nat  Bin  37*  -         0.60182;  and 
log  on  37''  -  los  0.60182  -  1.779  463 

-  0.779  463  —    1 

-  9.779  463  —  10. 

In  tables,  in  order  to  avoid    negatiyes.  the  third  forn»  (log  sin  37*  » 
.779  463  —  10)  is  used;  but  the  "  —  10"  is  omitted,  because  understood. 

•TWO  TABI.es. 

We  give  two  tobies  of  logarithmic  trigonometric  funotiona,  vii :     a 
«« main  toble,**  pp  143  2  to  146  6 

and  a 
'•■pMial  toble,"  pp  143  e  to  143  ib. 
Tbe  main  toble  gives  these  functions  Idr  eaeb  mlnoto  of  Uio 
quadrant  from  0"  to  90**. 

Tbe  apeelal  toble  gives  them  at  smaller  Intervals,  for  small 
and  lari^e  angrier  (from  0^  to  2*.  and  from  88^  to  90^),  in  which  certain 
functions  change  so  rapidly  that  one-minute  intervab,  between  area,  five 
values  of  the  functions  differing  too  widely  for  aatisfaetory  interpolation. 
See  tH  7  to  9. 

Main  Table. 
(9)    Tbe  main  toble,  pp.  143 1  to  146  b.  gives,  to  0  decimal  plaoae.  ths 
logr  ■&■*»   logr  oos,   logr  tan   and  log^  eotf 
of  the  arc  for  each  minute  of  the  quadrant,  or  from  0"  O'  to  89*  60^  (90^). 
See  also  (6).  below. 

(8)  For  arcs  from  0*  to  46*,  read  downward,  as  in  the  left-hand 
column  of  minutes,  using  the  titles  at  the  heads  of  the  columns.  For  aroa 
from  46*  to  90*.  read  npward,  as  in  the  right-hand  column,  using  tha 
titles  at  the  feel  of  the  columns. 

(4)  Example,  to  find  log  sin  7*  34'.  At  head  of  pf&  [143«]  on  tha 
left,  in  bold  type,  we  find  7* ;  and,  under  it,  in  the  first  column,  or  column 
of  minutes  (reading  downward),  we  find  34;  opposite  which,  in  the  next  or 
2d  column,  under  "  Sine,"  we  find  9.119  519,  the  roqd  log  sin  of  7*  34'. 

(5)  Example,  to  find  log  cos  82*  26'.  At  foot  of  page  ri43«].  on  tha 
right,  in  bold  type,  we  find  82*;  and,  over  this,  in  the  right-nand  column, 
or  column  of  nunutes  (reading  upward),  we  find  26 ;  oppoate  which,  in  the 
second  column  from  the  '^t,  over  "  Ck>8ine,"  we  find  9.119  519,  the  required 
log  cos  82*  26'. 

(6)  For  ares  between  90*  and  180*,  we  have  the  relations : 
sin  a  =  sin  (180*  —  o);  cos  o  =  0  —  cos  (180*  —  a); 
tan  o  =  0  —  tan  <180*  —  a);  cot  a  -  0  —  cot  (180*  —  o). 

Hence,  log  sin,  1o^  oos.  log  tan  and  log  cot  of  an  angle,  a,  between  90^ 
and  180*.  are  numerically  the  same  as  log  sin,  log  cos,  log  tan  and  log  cot, 
respectively,  of  the  sapplementar^  angrlc*  180*  —  a.  In  the  main 
table,  these  functions  may  be  found  directly  from  the  table,  by  using  tha 
headings,  in  bold  typ^,  in  the  lower  left-hand  and  upper  right-hand  comera 
of  the  pages. 

For  dega  on  left  or  r't  (resp)  of  page,  use  left  or  r't  hand  (req>)  min  col. 

For  degs  at  top  or  ft  (resp)  of  page,  use  headgs  at  top  or  ft  (resp)  of  page. 
Thus :  log  sin  172*  26'  =  9.1 19  619  ; 
log  cos  172*  26'  =  9.996  202. 


*  Reproduced,   by   permission  of   author  and    publishers,  from   **  Field 
En^eering,"  by  Wm.  H.  Searles,  pubd  by  John  Wiley  A,  Sons,  New  York. 

fSeeant  a  — ;  log  sec  i 

'  cos  o       • 

log  cosecant  a  —  0  —  log  sin  a. 


fSeeant  a  — ;  log  sec  a  -  0  —  log  cos  a.    Coseeant  a  —  ^r^^^ 
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(7)  Tmw  arcs  tMtemie«Uite  •f  tliose  irlTen  ta  tH 

taMeJpp  143 1  to  146  b);  if  th«  are  is  not  between  0"  and  2*>,  or  between  88* 
and  02^,  or   between  178^  and  180^  (aee  H  8  and  9),  ftnterpolAte,  by 
of  the  cohimn  beaded  D.l'  (differenoe  of  function  for  1  Moond  of 


an^),  ae  in  the  following  exampke  : 


GiTen 


Table  gives 
Required    D.l'— 16.87. 
and  0.118  567  = 


o  -     7«  33'  12'ilog  tin  a 
a  -  82°  26'  48'|iog  coe  a 

log  Bin  a  =0.1 18  757 
kigeoaa»0.118767 


logflin    r^SS'C 
logcos82»27' 


0^0 


logain    7*33^0' 
logeos82*27' 


Result. 


9.118667  + 12D.1' =9.118  767; 
"  118  667  +  12  D.  1'  -  0.118  767; 

r33'0'+    -^^  =  r33'12'; 
27'0'-     ^^  «82»26'48^ 


0'82» 


Special  Table,  pp.  143  e  to  143  k, 

(9)  For  the  log  nn,  tan.  eot.  of  arcs  from  (T  (X  to  l""  6(y  (2°  (/);  and 
for  the  log  eos.  cot.  tan.  of  ares  from  88°  (T  to  89^  eO'  (90°  QT);  the  differ- 
eneee,  between  raeceaaive  logs,  vary  so  rapidly  that  the  use  oil  the  column 
D.  1",  with  intervals  of  1  minute  between  tabular  ares,  woidd  give  insuffio- 
ienlly  aeourate  results. 

(•)  For  such  eases  we  give  the  speeial  S-plaee  table,  pp.  143  e 
to  143 ifc,  with  smaller  intervals  between  arcs,  vis: 


for  arcs  from 
0°  (y  to  0*18' 
OP  18'  to  0°  3(y 
0°30' to0°40' 
0°40'toO°60' 
1°  O'tol°60' 
(lO)TaBceotoaf 


interval 
1  second 
Sseeoods 
6      " 
10      " 

ao    •• 


143e-« 
143/-ff 
143  A 
143/ 
143  ib 


i 


^ aear  •0°,  aad  eotan^ents  af  I 

0°,  are  not  given  in  the  special  table ;  but  we  have : 
log  tan  a  »  0  —  log  cot  a ;  log  cot  a  »  0  —  log  tan  a. 

(11)  With  functions  to  only  five  decimal  places,  we  have : 

in  ares  from    0°    to  0°  18' ;  log  sin  a  «  log  tan  o  =>  0  —  log  cot  a ; 
..     ..       .i     89°  42'  to  90^ ;  log  cos  o  =  log  cot  o  =  0  —  log  tan  a. 

(12)  For  arcs  from  0°  O'  to  0°  18'  (1  second  intervals)  of  course  no 
interpolation  is  required  for  whole  seconds.  For  the  other  angles,  named 
above,  the  greatest  errer,  dne  ta  Interpalatioii,  is  less  than  1  in  the 
6th  place.  In  the  main  table,  log  sin  2°  CK  30^,  the  error,  due  to  interpo- 
lation, is  nearly  0.4  in  the  5th  place. 

Bjcamplea  of  interpolation  in  use  of  special  table. 

/ ^Table  gives » 

^ven.  a  -   1°  48'  10*  1    log  sin  i;;  48^  30^  -  8.49  0^ 


Required,  log  nn  a 


log  sin  1°  48'    0*  -  8.49  708 
diffs     0°    0'30'        0.00  200 
10 


RMult  -  log  sin  a  -  8.49  706  +  1^  X  200  -  8.49  776. 


-Table  gives- 


Given,  log  sin  a  -  8.49  776  \    8.49  908  -  log  sin  1°  48'  30* 

Required,  a  j     8.49  706  -  log  sin  1°  48'    0* 

diffs  0.00  200 

BMuIt  -  a  -  1°  48'  0*  +  ^    X 


0°    O'SO* 
30*  -  1°  48'  10'. 


•  9.118  757  —  9.118  667  =  0.000 190. 
t67  -  8.49  775  —  8.49  708. 
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Log  stne   -    Log  tangent   —   o  ~  tiog  cotangent. 


()• 

0' 

1' 

2' 

3' 

4' 

6' 

0* 

00 

6.46373 

6.76476 

6.94085 

7.06579 

7.16270 

eo* 

1" 

4.68557 

6.47090 

6.76836 

6.94325 

7.06759 

7.16414 

59* 

V 

4.98660 

6.47797 

6.77193 

6.94565 

7.06939 

7.16558 

58' 

y 

5.16270 

6.48492 

6.77548 

6.94803 

7.07118 

7.16702 

57' 

4' 

5.28763 

6.49175 

6.77900 

6.95039 

7.07296 

7.16845 

56* 

5' 

5.38454 

6.49849 

6.78248 

6.95275 

7.07474 

7.16987 

55' 

6* 

5.46373 

6.50512 

6.78595 

6.95509 

7.07651 

7.17130 

54' 

V 

5.53067 

6.51165 

6.78938 

6.95742 

7.07827 

7.17271 

53' 

V 

5.58866 

6.51808 

6.79278 

6.95973 

7.08003 

7.17413 

52' 

9^ 

5.63982 

6.52442 

6.79616 

6.96204 

7.08177 

7.17553 

51' 

lO* 

5.68557 

6.53067 

6.79952 

6.96433 

7.08351 

7.17694 

50* 

11' 

5.72697 

6.53683 

6.80285 

6.96661 

7.08525 

7.17834 

49' 

12' 

5.76476 

6.54291 

6.80615 

6.96888 

7.08698 

7.17973 

48' 

13' 

5.79952 

6.54890 

6.80943 

6.97113 

7.08870 

7.18112 

47' 

14* 

5.83170 

6.55481 

6.81268 

6.97338 

7.09041 

7.18250 

46' 

IS' 

5.86167 

6.56064 

6.81591 

6.97561 

7.09211 

7.18389 

45' 

16' 

5.88969 

6.56639 

6.81911 

6.97783 

7.09381 

7.18526 

44' 

17' 

5.91602 

6.57207 

6.82230 

6.98004 

7.09551 

7.18663 

43' 

18' 

5.94085 

6.57767 

6.82545 

6.98224 

7.09719 

7.18800 

42' 

19* 

5.96433 

6.58320 

6.82859 

6.98443 

7.09887 

7.18937 

41' 

20' 

5.98660 

6.58866 

6.83170 

6.98660 

7.10055 

7.19072 

40* 

21' 

6.00779 

6.59406 

6.83479 

6.98877 

7.10222 

7.19208 

39' 

22' 

6.02800 

6.59939 

6.83786 

6.99093 

7.10388 

7.19343 

38' 

23' 

6.04730 

6.60465 

6.84091 

6.99307 

7.10553 

7.19478 

37' 

24' 

6.06579 

6.60985 

6.84394 

6.99521 

7.10718 

7.19612 

36' 

25' 

6.08351 

6.61499 

6.84694 

6.99733 

7.10882 

7.19746 

35' 

26' 

6.10055 

6.62007 

6.84993 

6.99944 

7.11046 

7.19879 

34' 

27' 

6.11694 

6.62509 

6.85289 

7.00155 

7.11209 

7.20012 

33' 

28' 

6.13273 

6.63006 

6.85584 

7.00364 

7.11371 

7.20145 

32' 

29' 

6.14797 

6.63496 

6.85876 

7.00572 

7.11533 

7.20277 

31' 

ac 

6.16270 

6.63982 

6.86167 

7.00779 

7.11694 

7.20409 

ac. 

31' 

6.17694 

6.64462 

6.86455 

7.00986 

7.11854 

7.20540 

29' 

32' 

6.19072 

6.64936 

6.86742 

7.01191 

7.12014 

7.20671 

28' 

33' 

6.20409 

6.65406 

6.87027 

7.01395 

7.12174 

7.20802 

27' 

34' 

6.21705 

6.65870 

6.87310 

7.01599 

7.12333 

7.20932 

26* 

35' 

6.22964 

6.66330 

6.87591 

7.01801 

7.12491 

7.21062 

25' 

36' 

6.24188 

6.66785 

6.87870 

7.02003 

7.12648 

7.21191 

24' 

37' 

6.25378 

6.67235 

6.88147 

7.02203 

7.12805 

7.21320 

23' 

38' 

6.26536 

6.67680 

6.88423 

7.02403 

7.12962 

7.21449 

22' 

39* 

6.27664 

6.68121 

6.88697 

7.02602 

7.13118 

7.21577 

21' 

40' 

6.28763 

6.68557 

6.88969 

7.02800 

7.13273 

7.21705 

20* 

41' 

6.29836 

6.68990 

6.89240 

7.02997 

7.13428 

7.21833 

19* 

42' 

6.30882 

6.69418 

6.89509 

7.03193 

7.13582 

7.21960 

18' 

43' 

6.31904 

6.69841 

6.89776 

7.03388 

7.13736 

7.22087 

17* 

44' 

6.32903 

6.70261 

6.90042 

7.03582 

7.13889 

7.22213 

16* 

45' 

6.33879 

6.70676 

6.90306 

7.03776 

7.14042 

7.22339 

15' 

46' 

6.34833 

6.71088 

6.90568 

7.03968 

7.14194 

7.22465 

14' 

47' 

6.35767 

6.71496 

6.90829 

7.04160 

7.14346 

7.22590 

13' 

48' 

6.36682 

6.71900 

6.91088 

7.04351 

7.14497 

7.22715 

12' 

49* 

6.37577 

6.72300 

6.91346 

7.04541 

7.14647 

7.22840 

11' 

50* 

6.38454 

6.72697 

6.91602 

7.04730 

7.14797 

7.22964 

10* 

51' 

6.39315 

6.73090 

6.91857 

7.04919 

7.14947 

7.23088 

9* 

52' 

6.40158 

6.73479 

6.92110 

7.05106 

7.15096 

7.23212 

8* 

53' 

6.40985 

6.73865 

6.92362 

7.05293 

7.15244 

7.23335 

7' 

54' 

6.41797 

6.74248 

6.92612 

7.05479 

7.15392 

7.23458 

6* 

55' 

6.42594 

6.74627 

6.92861 

7.05664 

7.15540 

7.23580 

5' 

56' 

6.43376 

6.75003 

6.93109 

7.05849 

7.15687 

7.23702 

4' 

57' 

6.44145 

6.75376 

6.93355 

7.06032 

7.15833 

7.23824 

3* 

58' 

6.44900 

6.75746 

6.93599 

7.06215 

7.15979 

7.23946 

2* 

59' 

6.45643 

6.76112 

6.93843 

7.06397 

7.16125 

7.24067 

1' 

eo* 

6.46373 

6.76476 

6.94085 

7.06579 

7.16270 

7.24188 

0* 

59' 

58' 

67' 

56' 

65' 

64' 

w 

Log  cosine   —   Log  cotangent    —   O  —  Log  tangent. 
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Los  Blue  -  Los  tangent  -  0  ~ 

JLoff  cotangent. 

0" 

ly 

__13' 

_  15_ 

15' 

16' 

17' 

0* 

^.542^1 

7.57767 

7.60985 

7.66fM 

?.694l!f 

60- 

1* 

7.54351 

7.57822 

7.61037 

7.64030 

7.66830 

7.69460 

59* 

Tf 

7.54411 

7.57878 

7.61089 

7.64078 

7.66875 

7.69502 

58* 

y 

7.54471 

7.57934 

7.61140 

7.64126 

7.66920 

7.69545 

57' 

4» 

7.54531 

7.57989 

7.61192 

7.64174 

7.66965 

7.69587 

56* 

y 

7.54591 

7.58044 

7.61243 

7.64222 

7.67010 

7.69630 

55' 

V 

7.54651 

7.58100 

7.61294 

7.64270 

7.67055 

7.69672 

54' 

V 

7.54711 

7.58155 

7.61346 

7.64318 

7.67100 

7.69714 

53' 

8* 

7.54771 

7.58210 

7.61397 

7.64366 

7.67145 

7.69757 

52* 

9» 

7.54830 

7.58265 

7.61448 

7.64414 
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H7^ 


4®         LOGABITHMIG  BINB8,   CXMINSS,    TANS  AND  COIANa.     ITS'' 


Sine. 


8.848665 
.846887 
.847183 
.848971 
.850751 


.854291 
.856019 
.867tX}l 
.869546 


8.868014 
.864738 
.866456 
.868165 


.871565 
.873S255 
.874938 
.876615 
.878286 

8.879949 
.881607 


.888174 
.889801 
.891421 


.894643 
8.896IM6 


.899432 
.901017 
.902596 
.904169 
.905736 
.907297 
.906853 
.910404 

8.911949 
.013488 
.916022 
.916550 
.918078 
.919591 
.921108 


.9124112 


8.92n00 


.900068 
.981544 
.988016 
.984481 
.986912 
.987898 
.986860 
8.940S96 


Cosine. 


•4^ 


D.r. 


80.08 
29.98 
29.80 
29.67 
29.57 
29.43 
29.30 
29.20 
29.08 
28.96 
28.86 

28.78 
28.62 
28.50 


28.17 
28.06 
27.96 
27.88 
27.78 

27.68 
27.62 
27.42 
27.82 
27.20 
27.12 
27.00 
26.90 
26.80 
26.72 

26.60 
26.50 
26.42 
26.82 
26.22 
06.12 
26.02 
26.98 
25.86 
26.76 

25.66 
25.57 
25.47 
86.88 
26.80 
25.20 
25.12 
85.08 
24.95 
84.86 

24.78 
84.68 
84.60 
84.68 
84.48 
84.86 
84.27 
84.80 
84.10 


D.r. 


Cosiiie. 


9.998941 


.996914 
.996006 


.998878 


.998860 
.998851 

9.996841 


.998813 
.998804 
.998795 
.996785 
.998776 
.998766 
.998757 

9.998747 


.9987^ 

.998718 
.998708 


.998679 
.998669 
.998659 

9.998649 


.998619 
.998609 
.998599 


.998658 

9.998548 
.998587 
.966527 
.998516 
.996506 
.996495 
.998486 
.998474 
.996464 
.998458 

9.996448 
.996481 
.998421 
.996410 


.9988^7 
.996866 
.996865 


Stne. 


D.r. 


.15 
.15 
.15 
.16 
.15 
.15 
.15 
.15 
.16 
.15 
.17 

.15 
.15 
.17 
.16 
.16 
.17 
.16 
.17 
.15 
.17 

.15 
.17 
.17 
.17 
.15 
.17 
.17 
.17 
.17 
.17 

.17 
.17 
.17 
.17 
.17 
.17 
.18 
.17 
.17 
.17 

.18 
.17 
.18 
.17 
.18 
.17 
.18 
.17 
.18 
.18 

.18    , 

.17 

.18 

.18 

.18 

.18 

.18 

.18 

.18 


Taog. 


8.844644 
.846466 


D.r. 


.850057  ' 
.851846  I 


.855403  I 
.857171 


8.864173 
.865906 


.871064 
.87^770  I 
.874469 
.876162  I 
.877^49  I 
.879529 

8.881208 


.884530 
.886185 


.889476 
.891112 
.892742 
.894366 
.895964 

8.897696 


.900603 


.905670 
.907147 
.908n9 
.910285 
.911846 

8.918401 
.914951 
.916405 
.918031 
.919568 
.921096 


.024136 
.925049 
.927156 


.930165 
.981647 
.983134 
.984616 
.980098 
.087666 
.989088 


8.941968 


80.18 
80.06 
29.96 
29.82 
29.70 
29.58 
29.47 
29.35 
29.23 
29.12 
29.00 

28.88 
28.77 
28.65 
28.55 
28.48 
28.82 
28.22 
28.12 
28.00 
27.88 

27.78 
27.68 
27.58 
87.47 
27.88 
27.27 
27.17 
27.07 
26.97 
26.87 

26. 7B 
26.67 
26.58 
26.48 
26.88 
26.28 
26.20 
26.10 
26.02 
86.98 

85.88 
86.73 
85.68 
26.57 
26.47 
85.88 
86.28 
25.22 
26.12 
85.03 

84.96 
84.87 
84.78 
84.70 
84.88 
84.68 
84.46 
84.87 
84.80 


Ootang. 


11.166866 
.168646 
.161740 
.149948 
.148154 
.1463712 
.144597  I  64 
.142829  58 
.141066  I  S8 
.139314  61 
.137667  I  50 

11.185827  i  48 
.184094  ,  48 
182868  ,  47 
130649  46 


.128066 
.127880 
.125681 
.188888 
.122151 
.180471 


11.118798 
.117131 
.11547X> 
.118815 
.112167  , 
.110524  .  84 
.106888  ;  88 
.107S58  I  88 
.106684  I  81 
.104016  ,  80 


86 
36 


11.108404 
.100797 
.099197 
.0970(tt 
.096018 
.094480 
.092868 
.091881 
.089n& 
.068164 


29 
86 
87 
86 
86 
84 


D.  r.      Cotang.  |  D.  1'. 


81 
80 

11.086609  19 

.086048  IB 

.068506  I  17 

.081066  I  16 

.080488  15 

.078904  U 

.OTSWl  18 

.075864  I  IS 

.074861  I  11 

.078844  10 


11.071848 
.06084S 
.068868 
.000868 
.066884 
.068007 
.068485 
.060066 
.069606 

11.068048 


Tang. 


[143  j>j 


89'' 


lAKiAKlLnmHJ    SIXNIUS,    lAJOlMJUS,     XAMB    AM  LP    %J%JL'Ji.B*9.      M.49 


i\ 


'J 


/ 

Sine. 

0 

0.010285 

1 

.020435 

2 

.021682 

8 

.08826 

4 

(m016 

6 

02S208 

« 

.026886 

7 

.027567 

8 

.028744 

0 

.080018 

10 

.081060 

11 

0.062SS7 

13 

.088421 

13 

.084582 

14 

.065741 

15 

.066800 

16 

.088018 

17 

.080107 

18 

.010642 

19 

.011485 

SO 

.042625 

» 

0.048702 

8» 

.044805 

S8 

.046026 

24 

.047154 

:k> 

.048270 

26 

.040400 

27 

.060510 

28 

.051685 

20 

.062740 

ao 

.053850 

81 

0.054066 

8S 

.056U71 

88 

.0671?2 

84 

.058871 

86 

.050867 

86 

.060460 

87 

.061561 

88 

.062630 

80 

.063724 

40 

.064806 

41 

0.066885 

42 

.066062 

43 

.068086 

44 

.060107 

46 

.070176 

46 

.071242 

D.l'. 


Ooaine. 


.072806 
.078366 
.074424 
.075480 

0.076688 
.077588 
.078631 
.07B676 
.060710 
.061750 
.082707 


.084864 
0.086804 


90.00 

10.95  ' 
10.88  , 
10.85 
10.78 
10.72  , 
10.68 
10.68  i 

10.67  , 
10  62 
10.47  ; 

10.40  i 

10.85  I 

10.25  i 

10.20 

10.15 

10.08 

10.05 

10.00 

18.05 

18.88 
18.85 
18.80  ' 
18.75  I 

18.68  I 
18.65 
18.60  I 
18.57  I 
18.50  , 
18.45 

18.42 
18.85 
18.32 
18.27 
IS.liS 
18.18  I 
18.18 
18.06  I 
18.08  , 

17.96  I 


17.96 


17.90  ,, 
17.85  i' 
17.88 
17.77 
17.78 
17.W 
17.68  , 
17.60  I 
17.65 

17.60 
17.47 
17.42 
17.88 
17.83 
17.80 
17.26 
17.20 
17  17 


0.007614 
.097601 
.097688 
.007574 
.097661 
.097547 
.997684 
.997620 
.997607 
.997493 
.997480 

9.997466 
.997452 
.997430 
.007425 
.007411 
.097897 
.997883 
.997869 
.997855 
.99nMl 

9.907887 
.997^13 
.997299 
.997285 
.997271 
.997257 
.997848 
.997288 
.997214 
.997199 

9.09n86 

.99nra 

.997156 
.99n41 
.997127 
.997112 
.997096 
.997068 
.997068 
.907068 

0.097000 
.997024 


Cosiiie.  I  D.  r.        Sine. 


.906004 
.006970 
.000064 
.000040 
.906081 
.006010 
.006004 


D.r. 


.006874 
.006658 
.006618 
.006688 

.000812 
.000797 
.906788 
.006786 
9.006761 


22 


28 


28 


Taag. 


D.  r. 


Ootaas:. 


0.021080 


.024014 
.086251 
.086455 
.027655 


D.r. 


.090046 
.031287 
.082486 
.088600 

0.084701 
.085060 
.067144 
.088316 
.080485 
.010651 
.041818 
.012078 
.014180 
.045864 

0.046484 
.047688 
.048787 
.040660 
.051006 
.062144 
.068277 
.064407 
.056686 
.056650 

0.067781 
.056000 
.060016 
.061180 
.008240 
.068848 
.064458 
.066656 
.066656 
.067762 

0.068846 
.000088 
.071027 
.678118 
.078197 
.074278 
.076866 
.070482 
.077606 
.078576 

8.070844 
.060710 
.061778 


.068601 
.064047 
.066000 
.067030 
.066006 
0.080144 


20.88 
80.17 
20.12 
20.07 
20.00 
10.05 
10.00 
10.85 
10.80 
10.78 
10.70 

10.68 
10.56 
10.58 
10.48 
10.48 
10.87 
10.88 
10.28 
10.28 
10.17 

10.18 
10.06 
10.03 
18.06 
18.08 
18.88 
18  88 
18.60 
18.78 
18.70 

18.66 
18.00 
18.67 
18.60 
18.47 
18.42 
18.88 
18.38 
18.28 
18.26 

16.20 
18.15 
18.10 
16.07 
16.08 
17.97 
17.98 
17.88 
17.86 
17.80 

17.77 
17.78 
17.87 
17.68 
17.00 
17.66 
17.60 
17.47 
17.48 


10.978880 
.977166 
.975066 
.974749 
.078645 
.972845 
.071148 
.060054 
.068768 
.007575 


10.066800 
.064081 
.008866 
.061684 
.060616 
.060840 
.066187 
.057087 
.066870 
.064n6 

10.068686 
.062418 
.961278 
.060181 
.048002 
.047S66 
.048723 
.045608 
044406 
.048841 

10.048819 
.041100 
.088064 
.088870 
.087760 
.086668 
.086547 
.084444 
.088845 
.088248 

10.081154 
.080009 

.088978 
.087887 


10.1 


.081424 

L080886 
.010880 
.018887 
.017107 
.018100 
.01B06S 
.914000 


.OllOOtt 
10.0106B6 


60 
60 
66 
67 
56 
55 
64 
68 
62 
51 
60 

40 
48 
47 
40 
45 
44 
48 
42 
41 
40 

80 
88 
87 
88 
86 
84 


81 
80 

89 
« 
87 
M 
85 
84 
88 
82 
21 
80 

19 
16 
17 
16 
15 
14 
18 
12 
11 
10 

0 
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Cotang.  I  D.  1*.  |    Ttag. 

:jigitizedbytjQQg. 


SS'' 


ojLx«J30,    \/\joA:aaoy    ^jxaa   A.£«x/   \j%Ji:Aaf3,      M.^  M. 


Sine.       D.  1'.      CkMine.     D.  1*.        Taag.      D.  1'.       Cotang. 


0 

9.148666 

1 

.144468 

8 

.145849 

8 

.146248 

4 

.147186 

6 

.148026 

6 

.148916 

7 

.149602 

8 

.160686 

9 

.151569 

10 

.152451 

11 

9.158880 

1£ 

.154206 

18 

.156068 

14 

.166967 

10 

.156680 

16 

.157?00 

17 

.158669 

18 

.15M85 

19 

.160801 

20 

.161164 

21 

9.162025 

22 

.162865 

28 

.168748 

M 

.164600 

26 

.166454 

96 

.166807 

27 

.167159 

28 

.166006 

29 

.168856 

80 

.16970^ 

81 

9.170647 

82 

.171860 

88 

.172280 

84 

.178070 

86 

.178008 

86 

.174744 

87 

.17W76 

88 

.176411 

89 

.177S42 

40 

.178072 

41 

9.178900 

42 

.179728 

43 

.180551 

44 

.181374 

46 

.182106 

46 

.183016 

47 

.1838ai 

48 

.184651 

49 

.185466 

60 

.166260 

61 

9.187092 

62 

.187908 

68 

.188712 

64 

.180519 

65 

.190825 

66 

.191130 

67 

.191938 

68 

.192784 

69 

.198534 

60  ,  9.194332 


14.97  I 

14.98  I 
14.90 
14.68 
14  68 
14.82 
14.78 
14.78 
14.72 
14.70 
14.66 

14.68 
14.68 
14.67 
14.66  I 
14.50 
14.48  I 
14.48 
14.48 
14.88  , 
14.85  i 

14.88  I 

14.80 

14.28 

14.28 

14.22 

14.20 

14.16 

14.18 

14.10 

14.08 

14.08 
14.02 
14.00 
18.97 
18.98 
18.90 
18.88 
18.85 
18.88 
18.60 

18.77 

13.75 

18.?a 

13.70 

18.67 

13.63 

18.02 

18.56  , 

13.57 

18.58 

18.82 
18.48 
18.45 
18.48 
18.42  , 
18.38 
18.85  , 
18.38  I 
18.80  ' 


I  Co«ine.  I  D.  V. 


996785 
995717 
996609 
995681 
996664 
995646 


995610 
995591 
996573 

996655 

995537 
995519 
995601 
995482 
995164 
995446 
995427 
995409 
995890 

995878 
996853 


995816 
995297 
995278 


996241 


996184 
995165 
9B5146 
995127 
995106 
996069 
995070 
995051 


996013 

994998 
994974 
994955 
994985 
994916 
991696 
094877 
994657 
9948:38 
994616 

991796 
094779 
994759 
VM7S0 
994720 
994700 
994660 
994660 
994640 
094620 


80  I 
80  I 
80  ' 
80  I 
28 

80  ' 
80  I 
80 

82  I 
80 
80 

80 

80  I 
80 
82 

80  ' 
80 
ftS 
80 

88  , 
80  I 

,82  ' 

80 

82 

82 

80 

82 

82 

82 

82 

82 
82 


Sine.  I  D.  1" 


9.147808 
.146718 
.149682 
.150544 
.151451 


.158269 
.154174 
.155077 
.155978 
-.156877 

9.167776 
.1566n 
.159665 
.160457 
.161847 


.168123 
.164006 
.164602 
.166774 

9.166664 
.167532 
.168409 
.109261 
.170157 
.171029 
.171899 
.172787 
.178684 
.174499 

9.175868 
.170224 

.177064 
.177912 
.178799 
.179656 
.180606 
.161860 
.182211 
.168060 

9.188907 
.lftl762 
.186597 
.186139 
.187280 
.188120 
.188958 
.189794 


.191462 

9.192294 
.198124 
.198953 
.191780 
.196606 
.196180 
.197258 
.198074 
.198894 

9.199718 


15.25 
15.23 
15.20 
16.17 
16.15 
15.10 
16.06 
16.06 
15.02 
14.96 
14.07 

14.08 
14.90 
34.87 
14.88 
14.82 
14.78 
14.76 
14.78 
14.70 
14.67 

14.68 
14.62 
14.68 
14.66 
14.68 
14.60 
14.47 
14.46 
14.42 
14.88 

14.87 
14.88 
14.80 
14.88 
14  87 
14.88 
14.80 
14.18 
14.18 
14.18 

14.06 
14.06 
14.06 
14.08 
14.00 
18.07 
18.93 
18.98 
18.88 
18.87 

18.88 
18.82 
18.78 
18.77 
18.78 
18.72 
18.68 
18.67 
18.65 


10.868197  00 
.861288  ,  50 
.860968  68 
.649466  87 
.648646  ,  56 
.847687     66 

.  .646781  ,  54 
.6468%  i  58 
.644928  '  68 
.644082  61 
.848128  I  60 

10.848825  49 
.841889  48 
.840486  47 
.880648  46 
.888868  4S 
.887764  I  44 
.888877  .  48 
.886008  t  48 
.885108  I  41 
.884826     40 

10.888846  I  88 
.882168  88 
.881601  37 
.880716  86 
.820848  I  86 
.828971  84 
.898101  '  88 
.827888  88 
.826866  !  81 
.886601  ,  80 

10.884688  89 
.828776  86 
.882916  87 
.822068  .  26 
.821801  i  86 
.880845  84 
.819198  88 
.618640  ,  82 
.817789  21 
.816941     80 

10.810008  10 

.615216  >  18 

.814408  17 

.818661  16 

.813n»  16 

.811880  '  14 

.811042  18 

.810806  12 

.600871  11 

.806588  I  10 

10.807706  9 

.806876  8 

808047  .  7 

806880  ,  6 


.804894 


808570  I  4 

.808747  8 

.801826  2 

.801106  1 

10.800287  0 


Cotani^. 


D.  r.   I     Ting. 

igitized  by  VJiJUj; 


9^"" 


[1430 


-^6" 


81« 


^^K^^W^ri^^      c>€>&*m>«j 


\'., 


1-^  -.rr 

l-T.CiS 

llDijSilb  by 


,9934^0 
^4 


.33 

-S5 
.  3i> 

,3£:i 

.33 
-3S 

.33 

.3& 
,3S 
.31* 

.3S 

as 

.3& 
.35 

-«5 
,?i5 

.Ji7 
,35 

.87 
.35 
.37 
.85 

.87 
.35 

f     I 

m  I, 
.a? 

.a7     1 1 

.»7    I 

,S7  I, 
.^7    I 

.37    l> 

.97    "I 

m  ') 

.38      I 


lO**      LOGABITHHIC  8INEB,   GOSINES,   TANS  AND  00TAN8.     169* 


0 
1 
2 
8 

4 
6 
6 
7 
6 
0 
10 

11 
13 
18 
14 
16 
16 
17 
18 
19 
90 

» 

S3 
104 
96 
86 
«7 
28 
29 
80 

81 

fte 

88 
84 
86 
86 

87 
C3 
8U 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
60 

51 
62 
63 
64 
65 
66 
67 
68 
60 
60 


0.889670 
.240686 
.241101 
.241814 
.242626 


.248947 
.244656 
.245868 
.246069 
.24eTr5 

9.iM7478 
.248181 


.250980 
.251677 
.2.'S2878 
.258067 
.258761 

9.854458 
.^5144 
.25o834 


.257211 
.257808 


.259951 
.260683 

0.261814 
.261994 


.263351 
.264027 
.264703 


.266051 
.266723 
.267885 

9.268065 
.268784 
.269408 
.270069 
.270735 
.271400 
.272064 
.2^2726 


.274049 

9.874708 
.876867 
.276086 
.276681 
.877887 
.277991 
.878646 
.879897 
.870948 

9.880599 


Oosine. 


D.  1'. 


11.93 
11.92 
11. b8 
11.87 
11.85 
11.83 
11.82 

11. re 
ii.rr 
ii.rr 

11.72 

11.72 
11.70 
11.67 
11.66 
11.68 
11.02 
11.60 
11.67 
11.57 
11.53 

11.58 
11.50 
11.48 
11.47 
11.45 
11.42 
11.42 
11.88 
11.87 
11.85 

11.88 

11.82 

11.80 

11.27 

11.27 

11.28 

11.23  i 

11.20  ! 

11.20  I 

11.17 

11.16 
11.18 
11.12 
11.10 
11.08 
11.07 
11.08 
11.06 
11.02 
10  96 

10.96 
10.97 
10.96 
10.96 
10.90 
10.90 
10.87 
10.86 
10.86 


OosiDa 

9.993861 
.993829 
.998807 


.998217 
.993196 
.9981?^ 
.908149 
.998127 

9.996104 
.998061 


.996086 
.998018 
.998990 


.902944 


9.992876 


.992806 


.902759 
.992786 
.992718 


.992619 
.992506 


.998640 


.992501 
.992478 
.902454 
.992480 

9.902406 


.002311 


.992214 
.998190 

9.992166 
.992142 
.992118 
.992098 


.998044 
.998080 
.991996 
.991071 
9.991947 


D.  r. 


40  I 

88 

88 

88 

40 

88  , 

88  I 

40  I 

38 

40 

40 

88 

40 

40 

40 

40 
88 
40 
40 
40 
40 
40 
42 
40 
40 

40 
40 
42 
40 
42 
40 
40 
42 
40 


D.r.  1 1     Sine.    I  D.  1% 


Tang. 


D.l'. 


Ootang. 


9.246819 
.247057 
.247794 
.248580 
.249264 
.249996 
.250780 
.251461 
.252191 


.268648 

9.254874 
.255100 


.256647 
.267269 
.267990 
.258710 
.259429 
.260146 
.260663 

9.261678 


.267261 
.267967 

9.268671 
.269875 
.270077 
.270779 
.271479 
.272ire 
.272876 
.273673 
.274269 
.274964 

9.875658 
.876851 
.877018 
.277784 
.878424 
.279118 
.279601 
.260488 
.281174 
.861858 

9.882542 


.868907 
.864688 


.265947 
.266624 
.267801 
.287977 


.268005 
.263717  I 


.265188 
.266647 


Ooteog. 


12.80 
12.28 
12.27 
12.28 
12.28 
12.20 
12.18 
12.17 
12.15 
12.18 
12.10 

12.10 
12.07 
12.05 
12.08 
12.08 
12.00 
11.96 
11.96 
11.96 
11.92 

11.90 
11.68 
11.87 
11.86 
11.88 
11.62 
11.80 
11.77 
11.77 
11.78 

11.78 
11.70 
11.70 
11.67 
11.66 
11.63 
11.62 
11.60 
11.58 
11.67 

11.66 
11.58 
11.62 
11.60 
11.48 
11.47 
11.45 
11.48 
11.40 
11.40 

11.86 
11.87 
11.86 
11.88 
11.88 
11.88 
11.88 
11.27 
11.26 


10.768681  60 
.758943  69 
.762806  58 
.761470  67 
.760786  56 
.760008  55 
.749870  I  64 
.748589  68 
.747809  58 
.747060  61 
.746SG8  I  60 

10.745686  49 
.744900  '  48 
.744176  I  47 
.748458  I  48 
.748781  I  46 
.742010  I  44 
.741290 
.740671 
.739864 
.789187 

10.738482 
.787708 
.786095 
.796288 
.785672 
.784808 
.784168 
.738446 
.788789 


10.731889 
.780685 
.789028 
.72801 
.728581 
.727888 
.72n24 
.786427 
.726781 
.786000 

10.784848 
.728640 
.788967 
.788266 
.781676 
.720687 
.780190 
.719618 
.718886 
.718148 

10.717466 
.716775 
.716008 
.71641S 
.714789 
714068 
.718876 
.718600 
.718088 

10.711848 


D.r. 


Tang. 


100'' 


[143r] 


79' 


18°      LOGARITHMIC  SINES,   COSINES,    TANS  AND  C0TAN8.     1©7* 


Bine. 


9.817879 
.S184T3 
.819066 
.819658 
.^(»49 
.320840 
.831480 


.823780 
9. 


.8;£>634 
.8ii6117 
.826700 


.828442 
.829021 
.829509 

9.880176 
.880753 
.831329 
.831908 
.832478 
.8880)1 
.8886^ 
.834195 
.834767 
.886887 

9.885906 
.836475 
.337048 
.837tH0 
.388176 
.338742 


.889871 
.810434 
.810906 

9.841668 
.842119 
.342&79 


.843797 
.844365 
.844912 
.845169 
.&i6021 
.846579 

9.847184 
.847687 
.848240 
.848792 
.849343 


.850443 
.860992 
.851540 


Cosine. 


D.  1'. 


Coeine.  I  D.  1'. 


9.90 
9.88 
9.87 
9.85 
9.85 
9.83 
9.82 
9.90 
9,78 
9.77 
9.77 

9.78 
9.73 
9.72 
9.72 
9.68 
9.68 
9.67 
9.65 
9.68 
9.63 

9.62 
9.60 
9.57 
9.58 
9.66 
9.66 
9.62 
9.68 
9.60 
9.48 

9.48 
9.47 
9.45 
9.48 
9.48 
9.42 
9.40 
9.38 
9.37 
9.87 

9.35 
9.88 
9.38 
9.30 
9.30 
9.28 
9.28 
9.25 
9.25 
9.25 

9.22 
9.22 
9.20 
9.18 
9.17 
9.17 
9.15 
9.13 
9.18 


9.960401 
.990878 
.990851 


j>.y,  I 


.990297 
.990270 
.990248 
.990215 
.990188 
.990161 
.990184 

9.990107 
.990079 
.990052 
.990025 
.98999r 
.989970 


.969915 
.989687 
.969660 


9. 


.989604 
.989777 
.969749 
.989721 


.969665 
.969637 
.969610 
.969662 

9.989668 


.969497 


.989441 
.969413 


.960000 

9.969871 
.98924:3 
.989214 
.969186 
.989167 
.969128 
.989100 
.989071 
.989042 
.989014 

!968966 
.968927 
968898 
.'968669 
.968840 
.968811 
.968782 
.968753 
9.968»4 


D.  r. 


.48    I 

.43    I 

.45 

.45 

.46 

.46 

.47 

.46 

.45 

.46 

.46 

.47 
.46 
.46 
.47 
.45 
.47 
.45 
.47 
.45 
.47 

.47 
.45 
.47 
.47 
.47 
.47 
.47 
.45 
.47 
.48 

.47 
.47 
.47 
.47 
.47 
.47 
.48 
.47 
.47 
.48 

.47 
.46 
.47 
.48 
.48 
.47 
.48 
.48 
.47 
.48 

.48 
.48 
.46 
.48 
.48 
.48 
.46 
.48 
.48 


Tang. 


9.827475 
.828095 
.828715 
.829384 
.829953 
.380570 
.831187 
.331803 
.8SIM18 


.888646 

9.884269 
.834871 


.837811 
.337919 
.338527 
.839188 


0.840844 
.840948 
.841662 
.842165 
.842757 
.348368 
.843968 
.844568 
.845167 
.845765 

9.846858 
.846949 
.847546 
.848141 
.848T% 
.849829 


.860514 
.851106 
.851607 


.854058 
.354640 
.856227 
.866818 


.857566 

9.858149 
.858731 
.8S9818 


.860474 
.861053 
.861632 
.862210 
.860787 

9.r 


D.  1-.      Cotang. 


10.88 
10.88 
10.32 
10.82 
10.28 
10.28 
10.27 
10.25 
10.26 
10.22 
10.22 

10.20 
10.18 
10.18 
10.15 
10.15 
10.13 
10.13 
10.10 
10.10 
10.08 
10.07 
10.07 
10.05 
10.08 
10.02 
10.00 
10.00 
9.96 
0.97 
9.97 

9.98 
9.98 
9.98 
9.90 
9.90 
0.88 
0.67 
0.87 
0.85 
0.88 

0.83 

0.82 

9.80 

0.78 

0.78  , 

0.7? 

0.73 

0.78 

0.78  I 

o.ra  I 

0.70, 
O.TOi 
0.67  ' 
0.68  I 
0.65 
0.66  I 
0.68  I 
0.68  I 
0.68  I 


10.678525 
.671905 
.6n285 
.670666 
.670047 
.660430 
.668813 
.668197 
.667582 
.666967 
.666854 

10.666741 
.666129 
.604518 
.668907 


.662081 
.661478 
.630867 
.660961 

10.669666 
.669058 
.658448 
.657845 
.657)848 
.666648 
.666048 
.666442 
.664848 
.664246 

10.668647 
.668061 
.668456 
.661859 
.661866 
.6600n 
.660078 
.649486 
.648894 
.648808 

10.647718 
.647184 
.646686 
.646047 
.645860  ;  15 
.644778  14 
.644187  13 
.648602  18 
.648018  n 
.648484 


10.641851 
.641809 
.640687 
.640107 


.688047 


10. 


.oawoo 

.687818 


108'> 


CoUMig. 

->rgnm 


D.r. 

.d  by  "'^ 


[143  x] 


Tang. 

^ 


770 


LOGABITHMIC  SINES,   COSINES,   TANS  AND  COTAN8.     165** 


Sine. 


388675 

884183 
884687 
885108 
886687 
886801 
886704 
887807 
SSTTOO 
888210 
888711 

388811 
888711 
880810 
880708 
391806 
391703 
398198 
898693 
883191 


884178 
884673 
895166 
885658 
396150 
896(M: 
8971&i 
397081 
898111 
898600 

399088 
33957o 
400008 
4<)a->4U 
401035 
401580 
408005 
408489 
408978 
40S466 

408888 
404180 
4O4U0I 
-iaVW8 
40.V<68 
406^11 
406880 
4i)7399 
40r777 
406854 

408781 
4098U7 
•I096ft3 
410157 
410638 
411100 
411579 
418058 
i\252i 
112096 


D.r. 


8.45 
8.48 
8.48 
8.48 
8.40 
8.88 
8.88 
8.87 
8.8S 
8.36 
8.88 

8.88 
8.88 
8.80 
8.80 
8.88 
8.87 
8.87 
8.87 
8.83 
8.83 

8.83 

8.88 
8.80 
8.80 
8.18 
8.18 
8.16 
8.17 
8.16 
8.18 

8.18 
8.18 
8.18 
8.10 
8.08 
8.08 
8.07 
8.05 
8.05 
8.05 

8.08 
8.08 
8.08 
8.00 
7.98 
7.88 
7.98 
7.87 
7.95 
7.96 

7.83 
7.83 
7.88 
7.98 
7.80 
7.88 
7.88 
7.87 
7.87 


Oosiiie. 


8.980804 
.886878 
.886841 
.886808 
.886778 
.986746 
.866714 


.966651 
.986618 
.866587 

8.966665 


.886481 
.886458 
.986487 


.966831 


8.860884 


.866169 
.866187 
.986104 
.886078 
.960060 
.866007 
.965974 
.866848 

8.865809 
.865876 
.966848 
.986811 
.985778 
.985745 
.985718 
.985079 
.965646 
.966613 

8.965580 
.985547 
.985514 
.965480 
.985447 
.985414 
.986881 
.986347 
.965314 


D.r. 


8.965947 
.985813 
.966180 
.985146 
.965113 
.966079 
.966045 
.886011 
.984978 

8.984944 


,68 
68 
68 
68 
.68 
M 
68 
63 
68 
68 

68 

68 

68 

68  ! 

58 

58 

58  I 

58 

55 

58 

68 

55 

58 

66 

58 

55 

58  I 

,55  I 

58 

55 

55 

65 

68 

65 

55 

53  I 

55 

,55 

55 

65 

55 
65 
67 
55 
56 
65 
57 
55 
67 
55 

57 
55 
57 
55 
57 
57 
67 
55 
57 
I 


Tang.   D.  1'. 


Cotanip. 


8.886771 
.887808 
.887846 


.886919 
.899455 


.400581 
.401056 
.401501 
.408184 

8.408666 
.408187 
.406718 
.404848 
.404778 
.405808 
.405886 
.406804 
.40GC98 
.407418 

8.407845 
.408471 
.408096 
.409581 
.410045 
.410668 
.411088 
.411615 
.418187 
.418658 

8.418178 
.419698 
.414818 
.4147« 
.415857 
.415775 
.416888 
.410810 
.417386 
.417^48 

8.418358 
.418873 
.418387 
.419801 
.480415 
.480887 
.481440 
.421958 
.488463 
.428974 

8.43M84 


.484503 
.485011 
.485518 
.480087 
.486584 
.487041 
.48fnM7 
9.486008 


8.87 
8.85 
8.85 
8.88 
8.98 
8.88 
8.90 
8.90 
8.88 
8.88 
6.87 

8.85 
8.85 
6.85 
8.88 
8.88 
8.80 
8.80 
8.80 
8.7B 
8.77 

8.77 
8.75 
8.75 
8.78 
8.78 
8.78 
8.78 
8.70 
8.06 
8.68 

8.97 
8.07 
8.66 
8.65 
8.68 
8.68 
8.68 
8.60 
8.00 
8.60 

6.58 

8.57 
8.57 
8.57 
6.55 
8.56 
8.58 
8.68 
8.58 
8.50 

8.48 
8.50 
8.47 
8.47 
8.47 
8.45 
8.45 
8.48 
8.48 


Mine.     D.  1'.  I      Sine.       D.  1*.  II  Ootong.  I  D.  1 
[1441 


10. 
.609681 
.608154 
.601617 
.601081 
.600545 
.600010 
.688478 
.588848 
.586400 
.687878 

10.607344 
.606618 


.60K51 


.604164 
.608686 
.608108 


10. 


.681688 
.081004 
.608470 
.688865 

.668481 


60 
60 
68 
67 
66 
65 
54 
58 
68 
61 
60 

49 
48 
47 
46 
46 
44 
48 
48 
41 
40 

80 
88 
87 
88 
86 
84 
88 

'.SBSm  81 
.68nMS     80 

10.680881     88 
.680801  I  88 

.680008' 86 
.664748  ,  85 
.66m  84 
.668307  I  83 
.668180  2i 
.66B074  81 
.668158  I  80 

10.661048  19 
.661187  18 
.660618  17 
.560089  ,  16 
.WBMS  I  15 
.6n073  14 
.578600  13 
18 
11 
10 

0 
6 
7 

5 

4 
8 
» 
1 
O 


.577ltt6 

10.070518 

.570007 

.6i8497 


.674481 
.578978 
.538106 
.578060 


10. 


Tens.    1 


7«o 


r.aes 


14^      IXX3ABITHMIC  SINI»,   CTQHINES,   TANS  AND  COTANS. 


Sine. 


9.888675 
.884iai 
.88M87 
.885198 
.885687 
.886001 
.886704 
.887807 
.8877TO 
.388210 
.888711 

9.880211 
889711 
.880810 
.890706 
.891200 
.391703 
.802199 
.899605 
.880191 
.898886 

9.804170 
.804678 
.805166 
.885658 
.806150 
.89664! 
.897182 
.397021 
.396111 
.896600 

9.899068 
.390575 
.400002 
.400549 
.401035 
.401520 
.402005 
.402489 
.402972 
.408466 

41  0.408088 

42  .404420 
.404001 


.405862 
.406^11 


.407209 
.407777 
.406254 

0.406731 
.409207 
.400682 
.410157 
.410032 
.411100 
.411570 
.419052 
.412524 

0.412006 


D.r 


8.45 
8.42 
8.48 
8.48 
6.40 
8.88 
6.88 
8.S7 
8.86 
8.85 
8.88 

8.88 
8.88 
8.80 
8.80 
8.88 
8.87 
8.27 
8.87 
8.88 
8.88 

6.83 
S.28 
8.80 
8.80 
8.18 
8.18 
8.16 
8.17 
8.15 
8.18 

8.18 
8.12 
8.12 
8.10 
8.08 
8.06 
8.07 
8.05 
8.05 
8.05 

8.08 
8.02 
8.08 
8.00 
7.08 
7.08 
7.96 
7.07 
7.95 
7.06 

7.03 
7.08 
7.08 
7.98 

7.90 
7.88 
7.88 
7.87 
7.87 


Oosiiie.  D.  1' 


Tang. 


0.966004 
.086873 
.066841 


.086778 
.086746 
.086714 


.086651 
.066610 
.086587 

0.068665 


.066401 
.066450 
.066427 


0.066884 


.066160 
.066187 
.086104 
.06e0?8 
.060060 
.066007 
.065074 


9.965003 

.085870 
.065813 
.085811 
.085778 
.065745 
.085712 
.065070 
.085646 
.966613 

9.066680 
.985547 
.065514 
.085180 
.985447 
.065114 
.965381 
.965947 
.085314 


9.065847 
.065213 
.065180 
.065146 
.066113 
.966079 
.966045 
.086011 
.064978 

0.964944 


CkMine.     D.  1'.  Ii     Bine. 


.63 
.68 
.68 
.68 
.68 
.58 
.53 
.53 
.53 
.58 

.68 
.68 
.68 
.68 
.58 
.58 
.68 
.68 
.66 
.68 

.68 
.65 
.53 
.66 
.53 
.66 
.53 
.55 
.63 
.66 

.65 
.65 
.53 
.65 
.55 
.55 
.56 
.56 
.55 
.55 

.65 
.55 
.57 
.55 
.55 
.55 
.57 
.55 
.57 
.55 

.67 
.55 
.57 
.55 
.57 
.57 
.57 
.55 
.57 


9.896771 
.807909 
.897846 
.388383 

.898019 
.809455 
.800000 
.400524 
.401058 
.401501 
.402m 

0.408656 
.408187 
.408718 
.404840 
.404rr8 
.405306 
.406836 
.4068&4 
.4C0&'J2 
.407410 

9.407045 

.406471 
.406906 
.400621 
.410045 
.410560 
.411002 
.411615 
.412187 
.418658 

0.418170 
.418600 
.414210 
A147Z8 
.413857 
.41577B 
.416298 
.410810 
.417826 
.4i;iM8 

0.418358 
.418873 
.410387 
.410901 
.420415 
.420027 
.421440 
.421052 
.428463 
.428974 

0.423184 


D.r. 


Cotaog. 


1 


.4.84503 
.486011 
.425510 
.426027 
.486534 
.487041 
.487547 


0. 


8.07 
8.06 
6.06 
8.08 
8.03 
8.02 
8.00 
6.00 
8.88 
8.88 
8.87 

8.85 
8.85 
8.86 
6.68 
6.88 
8.80 
8.80 
6.80 
S.79 
8.77 

8.77 
8.75 
8.75 
6.78 
6.78 
8.78 
8.78 
8.70 
8.68 
8.66 

8.07 
8.07 
8.66 
8.66 
8.68 
8.68 
8.68 
8.60 
8.00 
8.00 

6.58 
8.57 
8.57 
8.57 
8.56 
8.55 
8.58 
8.C8 
8  58 
8.50 

8.48 
8.50 
8.47 
8.47 
8.47 
6.46 
8.46 
8.48 
8.4S 


10.606889 
.609601 
.608154 
.601617 
.601081 
.600545 
.600010 
.600476 
.608048 
.608400 
.607870 

10.603844 
.606818 
.600868 
.605751 
.606888 
.«M608 
.604164 


.503106 
.608681 

10.508066  ,  ^ 
.601680  I  86 
.601001     «7 


60 
60 
68 
67 
66 
65 
54 
68 
68 
61 
60 

49 
48 
47 
46 
45 
44 
48 
48 
4t 
40 


.600470 
.680066 

.680481 


!667868 
.667848 


86 
85 
84 


81 
80 


10.686881  89 
.666801  I  86 
.686781  irr 
.6606  1  86 
.684748  ;  85 

.668707  I  88 
.688100  2d 
.6tt674  21 
.668168  I  » 
10.681648  ,  19 
.681187  18 
.660618  17 
.689000  ;  16 
.670665  I  15 
.690073     It 


13 


D.  r 


104° 


[1441 


1 1  Cotaag.  I  D.l\  I     fang. 


.'67S660  ^o 

.698048  1'^ 

.677687  11 

.579086  10 

10.676616 
.678007 
.576497 


.674461 
.678978 
.631486 


8 

7 

e 

5 

4 
8 

.0S8HO   8 

.678468  I  1 

10.671948  I  O 


7CI« 


AS^        liOGABITHHIC  BINIB3,    COBINBS,   TANS  AND  CCTANS.     ] 


O 

1 
2 
3 
4 
5 
C 
7 
8 
9 
Id 

^^  I 

W  , 

J* 

17 
18 
19 
90 

» 
» 
83 
«4 
95 
9B 

t: 

28 
29 
« 

91 
« 
83 
34 
35 
3S 
37 
88 
38 
40 


9.429996 
.413407 
.419088 
.414408 
.414878 
.415917 
.415815 
.419283 
.416751 
.417217 
.417884 

0.418150 
.418615 
.419079 
.419644 
.490007 
.490470 


.421885 
.421857 
.492818 

9.422779 


.494156 
.494615 
.426073 
.425580 


.426443 


9.427954 
.43TB(» 


.428717 
.42917D 


.490075 
.430027 
.490978 
.431490 
9.481879 


.432778 


41 
42 
43 
44 
45 

46  . 

47  .481560 
44  .495016 
40,  .435162 
60  I  .435906 

51  0.438358 

5(il  .436798 

6:)  .433912 

M  I  .437686 

Ki  .438129 

S6,  .438979 

57  .4a0014 

»\  .430456 

SO  .439697 
60,9.440888 


lOodne. 


D.V. 


7.85 
7.85 
7.83 
7.88 
7.89 
7.80 
7.80 
7.80 
7.77 
7.78 
7.77 

7.75 
7.73 
7.75 
7.79 
7.78 
7.78 
7.70 
7.70 
7.68 
7.67 

7.6r 
7.65 
7.66 
7.65 
7.68 
7.62 
7.69 
7.00 
7.00 
7.58 

7.68 
7.57 
7.57 
7.65 
7.66 
7.58 
7.68 
7.69 
7.68 
7.00 

7.50 
7.48 
7.47 
7.48 
7.45 
7.45 
7.45 
7.48 
7.48 
7,42 

7.42 
7.40 
7.40 
7.88 
7.88 
7.87 
7.87 
7.86 
7.85 


D.r. 


D.  r. 


9. 
.064910 
.964876 
.964849 
.964808 
.981774 
.984740 
.964706 
.964672 
.981638 
.964608 

9.964560 

.964586 
.984500 
.981466 


.984307 


.g8ia» 

.984204 
.984260 

9.984294 
.964190 
.984155 
.08tlSO 
.964065 
.964060 
.964015 
.968961 
.968046 
.968011 

9.968875 
.988840 


.988770 
.988785 
.988700 
.983664 


9. 


.'968416 


9.968166 
.968180 
.968004 
.968068 


.988960 
.988914 


9.968849 


Bine. 


.57 

.67 
.67 
.67 
.67 
.67 
.67 
.67 
.67 
.68 
.67 

.57 
.68 
.67 
.57 
.58 
.67 
.66 
.57 
.68 
.68 

.57 
.66 
.66 
.68 
.68 
.58 
.67 
.68 
.56 
.60 

.56 
.68 
.68 
.68 
.68 
.60 
.68 
.58 
.60 
.68 

.60 
.58 
.60 
.68 
.60 
.GO 
.60 
.58 
.CO 
.CO 

.00 
.CO 
.00 
.GO 
.CO 
.CO 
.60 
.60 
.60 


Tang. 


9.428069 


.429062 
.429666 
.480070 
.430678 
.481075 
.431577 
.482079 
.482680 
.438060 

9.488580 
.481080 
.484679 
.435078 
.486576 
.436073 
.436670 
.487067 
.437563 
.438060 

9.438554 
.438016 
.488548 
.440086 
.440629 
.441022 
.441514 
.442000 
.442197 
.442968 

9.448479 
.448866 
.444456 
.444047 
.445435 
.445928 
.416411 
.446806 
.447981 
.447870 

9.448356 
.448841 
.440326 
.449610 
.450294 
.450777 
.451260 
.4M748 


.42Sim 

8.453187 
.453668 
.454148 
.454C28 
.465107 
.435580 
.456064 
456542 
.457019 

9.457496 


D.  1%    I  Cotaag. 


D.r 


8.43 

8.40 
8.40 
8.40 
8.38 
8.37 
8.37 
8.37 
8.35 
8.88 
8.38 

6.83 
8.82 
8.88 
8.80 
6.28 
6.28 
8.28 
8.27 
8.27 
8.25 

8.28 
6.25 
6.29 
8.22 
8.22 
6.20 
8.20 
8.18 
8.18 
8.18 

8.15 
6.17 
8.15 
8.18 
8.13 
8.13 
8.12 
8.10 
8.10 
6.10 

8.08 
8.0Q 
8.07 
8.07 
8.05 
8.05 
8.05 
8.08 
8.02 
8.02 

8.02 
8.00 
8.00 
7.98 
798 
7.07 
7.97 
7.95 
7.95 


D.r. 


Ootang. 


10.6n948 

.67144^ 
.67093tj 
.570434 
.66993G 
.569127 
.568925 
.5684^23 
.667921 
.667420 
.56ti92C 

10.66642(] 

.6CC»SAI 
.66&121 
.6649--fc3 
.664424 
.563927 
.KMSC 
.66293:^ 
.56^37 
.661941 

10.661446 

.660g5S 
.660467 
.5599(M 
.550471 
.56897S 
.66818fl 
.6679<)^1 
.567rj(>a 
.55701Ji 

10.666621 

.55603S 
.55554S 
.66506£ 
.65456S 
.5510;^ 
.658r)8i 
.5581GX 
.56061C 
.56218C 
10.551641 

.55nni 

.550C7I 
.65019C 
.6497« 
.54fi22:i 
.64ffr4( 
.6482.5* 
.547775 
.51729^ 

10.54681S 
.5463;*2 
.545852 
.54587S 
.544898 
.514414 
.543030 
.64WM 
.542981 

10.542504 


lUigm 


IWi^ 


[144  o]' 


Him. 


440838 
440778 
441:218 
441658 
442006 
.442535 
.442973 
.443410 
.448847 
.444281 
.444720 

.445155 
.445590 
.446025 
.440459 
.446893 
.447826 
.447759 
.448191 
.448623 
.449064 

9.449485 
.449915 
.450345 
.450775 
.451204 
.451632 
.462060 
.452488 
.458915 
.453842 

9.453768 
.461194 
.454619 
.455044 
.455469 
.455893 
.456816 
.456739 
.457162 
.457584 

9.458006 
.458127 
.458848 
.459268 
.450688 
.460108 
.460527 
.460946 
.461364 
.461782 

9.462199 
.462616 
.463032 
.463448 
.463864 
.464279 
.464691 
.465108 
.465522 
,465935 


7.88 
7.88 
7.88 
7.80 
7.32 
7.80 
7.28 
7.28 
7.28 
7.27 
7.25 

7.25 
7.25 
7.28 
7.28 
7.22 
7.28 
7.20 
720 
7.18 
7.18 

7.17 
7.17 
7.17 
7.16 
7.18 
7.18 
7.18 
7.12 
7.12 
7.10 

7.10 
7.08 
7.08 
7.08 
7.07 
7.06 
7.06 
7.05 
7.08 
7.08 

7.02 
7.02 
7.00 
7.00 
7.00 
6.08 
6.98 
6.97 
6.97 
6.96 

6.95 
6.98 
6.98 
6.98 
6.92 
6.98 
6.90 
6.90 
6.88 


V)8iiie. 


D.  1-. 


OoBlne.     D. 

r. 

!J!i5i3848 

62 

60 
60 
62 
60 
60 
62 
60 
62 
62 
60 

^-^2805 
•1-2769 

•i>8783 

.t-2696 

'<>2660 

y>«624 

.'>s8587 

L»s2551 

H-2514 

iw«4r7 

(1  nc*M41 

62 
62 
60 
62 
62 
62 
62 
62 
.62 
62 

'*^mi 

i's^367 

'^.381 

usSdi 

'^^J257 

'.'-\1S!0 

j^nsi 

:<vi46 

i*sJi09 

9  "^^^^^^vre 

.•.-''«85 
,um;«8 

62 
62 
62 

j^im 

62 
63 
62 
62 
68 
68 
68 

A#i\\^i 

j:*si>«6 

j^stS49 

.iJ«tS12 
'.'-t:74 

'-!'.37 

9.9P1-10 

68 
68 
68 
68 
68 
68 
68 
68 
63 
68 

.9f>M>iJ2 

.«JH« 

.9^KVi7 
.9fi    19 

.«i  •18 

.«    r4 

.9^    i» 
.9f     » 
.9^     Jl 

9.981383 

68 
68 
63 
68 
68 
68 
63 
63 
68 
65 

.981286 

.961247 

.981209 

.981171 

.981133 

.981095 

.981067 

.981019 

.980981 

9.9^"^^^" 
.96 
.«: 
.96 

.96-;'-'' 

.96'KJ:J 

.96 

.96 

9.96 

63 
63 
66 
68 
65 
63 
66 
68 
65 

i    Bine.       D. 

r. 

Tang. 


i»  rH:496 
vTvrs 

1.^*449 
J.v«85 
I.-.IMOO 

.4.%9875 
mlM9 
1^:0888 
401297 

.  1^,1770 
<n!S42 

9.4I51J716 
.'|r"ll86 
I  .4r.:j858 
.  !fVH28 
.1599 
.069 
.  689 
.008 
.  477 
.1.945 

9.467418 
.467880 
.468847 
.468814 
.469280 
.460746 
.470211 
.470676 
.471141 
.471606 

9.478009 
.472532 
.472905 
.473157 
.473919 
.474881 
.474842 
.475303 
.475763 
.476223 

9.476683 
.477142 
.477601 
.478069 
.478517 
.4:W75 
.479132 
.479889 
.480816 
.480801 

9.461: 
.461,  .-• 
.46",': 
.46^-'--! 
.46     : 
.46 

.48  - 
.46  ;i--' 
.46  - 

9.46    - 


Cotanff. 


D.  r. 


7.95 
7.93 
7.98 
7.98 

7.98 
7.90 
7.99 
7.90 
7.88 
7.87 
7.88 

785 
7.87 
7.88 
7.86 
7.88 
7  88 
7.88 
7.88 
7.80 
7.80 

7.re 

7.;s 

7.78 
7.77 
7.77 
7.75 
7.75 
7.76 
778 
7.78 

7.78 
7.« 
7.70 
7.70 
7.70 
7.68 
7.68 
7.67 
7.67 
7.67 

7.66 
7.66 
7.68 
7.68 
7.68 
7.68 
7.68 
7.60 
7.60 
7.60 

7.58 
7.58 
7.57 
7.57 
7.57 
7.65 
7.65 
7.5S 
7.58 


D.r. 


Ootans. 


10.548504  60 
.548087  50 
.541661  66 
.541075  I  87 
.540600  56 
.540125  66 
.589651  64 
.589177  I  58 
.588703  ,  58 
.588290  I  51 
.587768  I  50 

10.587985  49 

.586814  I  48 

.686842  47 

.586972  46 

.686401  46 

.584981  44 

.684461  48 

.688892  I  42 

.588528  I  41 

.588055  40 

10.6886f 


10  688817  I  19 
.682858     18 


TMg.     1 


[144*] 


Digitized  by  LjOOQ  Ij^S" 


ffcl      III     i 


D.r. 


6.48 
6.47 
6.47 
6.47 
6.45 
6.48 
6.45 
6.48 
6.43 
6.42 
6.42 

6.42 
6.40 
6.88 
6.40 
6.87 
6.88 
6.87 
6.87 
6.85 
6.85 

6.88 
6.85 
6.32 
6.88 
6.82 
6.82 
6.82 
6.80 
6.28 
6.80 

6.28 
6.27 
6.28 
6.27 
6.25 
6.25 
6.25 
6.25 


6.22 
6.22 
6.22 
6.20 
6.20 
6.20 
6.18 
6.18 
6.18 
6.17 

6.17 
6.15 
6.15 
6.15 
6.15 
6.13 
6.13 
6.13 
6.12 

D.r. 


OosinA. 


9.978206 
.978165 
.978124 
.97B083 
.978W.» 
.978001 
.977969 
.977918 

.9rr6rr 

.977^85 
.977794 

9.977762 
.977711 
.977669 
.977628 
.977686 
.9r7M4 
.977508 
.977461 
.977419 
.977877 

9.977Ta6 

.977293 
.977251 
.977209 
.977167 
.977126 
.977083 
.977011 
.976909 
.976057 

9.976914 
.976878 
.976880 
.976787 
.976745 
.976702 
.976660 
.976617 
.976574 
.976682 

9.978489 
.976446 
.976404 
.976861 
.976318 
.976275 


.976189 
.976146 
.976103 

9.976060 
.976017 
.975974 
.976030 
.973887 
.975844 
.976800 
.975757 
.975714 

9.976670 


D.r. 


.68 
.68 


.70 


.70 
.68 
.70 

.68 
.70 
.68 
.70 
.70 
.68 
.70 
.7T) 
.70 
.70 

.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
,70 
.72 

.70 
.70 
.72 
.70 
.78 
.70 
.72 
.72 
.70 
.72 

.72 

.70 
.72 
.72 
.72 
.72 
.72 
.72 
.72 
.73 

.72 
.72 
.78 
.72 
.72 

.ra 
.■ra 

.72 
.73 


Sine.  I  D.  1*. 


Tang. 


9.611776 
.512206 
.612685 
.518064 
.518493 
.618021 
.614849 
.614777 
.515204 
.516681 
.516067 

9.616484 
.616010 
.617986 
.617761 
.618186 
.518610 
.519084 
.619458 
.519682 


0.680728 
.621161 
521678 
.521095 
.623417 


.628680 

.524100 

.624520 

9.624940 


.525778 
.520197 
.620615 
.627033 
.527451 


.628702 
9.629119 


.629051 
.530866 
.580781 
.581196 
.581611 
.532025 


9.638866 
.538679 
.534092 
.634504 
.684916 


.685739 

.586150 

.538561 

9.5860^3 


D.  1-.  Cotang. 


7.17 
7.16 
7.16 
7.15 
7.18 
7.18 
7.18 
7.12 
7.12 
7.10 
7.12 

7.10 

7.08 
7.10 
7.08 
7.07 
7.07 
7.07 
7.07 
7.05 
7.06 

7.06 
7.08 
7.08 
7.08 
7.02 
7.02 
7.(B 
7.00 
7.00 
7.00 

6.96 
0.98 
6.96 
6.97 
6.97 
6.97 
6.96 
606 
6.95 
6.95 

6.08 
6.98 
6.03 
6.92 
6.92 
6.92 
6.90 
6.90 
6.90 
6.88 

6.88 
6.88 
6.87 
6.87 
6.87 
6.85 
6.85 
6.85 
6.86 


10.488324 
.4877M 
.487366 
.480086 
.486607 
.486079 
.48!5661 


.4847^ 
.484369 
.483948 

10.488616 
.488090 


.481814 
.481890 
.480966 
.480542 
.480118 
.479695 

10.47B373 
.471«49 
.4'm427 
.47B005 
.47nj83 
.477162 
.470741 
.476820 
ATWOO 
.476480 

10.476060 
.474641 
.474222 
.473808 
.473385 
.478067 
.478540 
.472183 
.471716 


10.470681 
.470465 
.47W>40 
.460634 
.460310 
.468904 


4679^5 
467561 
I      .467147 

10.466734 
.466821 
.466008 
.466406 
.465084 
.464678 
.464261 
.468850 
.468480 

10. 


Cotang.  I  D.  1'. 


60 
60 
66 
67 
66 
65 
54 
63 
62 
61 
60 

49 
48 
47 
46 
45 
44 
48 
42 
41 
40 

80 
8B 
87 
36 
35 
84 
88 
88 
31 
80 

SO 

sw 

27 
96 
S5 
24 
88 
)i2 
21 


.471208     ;» 


10 
18 
17 
16 
15 
14 
18 
Vt 
11 
10 

9 
8 

7 
ft 
5 

4 
8 
8 
1 
0 


Tang,     i 


[144  rf] 


Digitized  by  Vj(^^^,C 


'7  •%    ^  i?*r/ 

1/  -• 


■I 


iT'^ 


LOOABITHMIC  SINES,   CX)8fNEb,    TANS  AND  OOTANS.     161^ 


S1b6^ 


.490871 
.490759 
.491147 
.491635 
.491922 


.493061 
.493466 
.496851 

.494S86 
.494821 
.496005 
.496388 
.495778 
.496154 
.496537 
.496919 
.497801 
.4976^ 

.498064 
.498444 
.496825 
.499204 
.499561 
.499963 
.500&12 
.600^1 
.501099 
.601476 

.601854 
.502231 
.602607 
.602984 
.608360 
.603736 
.604110 
.504486 
.504860 
.605234 

.605608 

.605981 
.606a'>4 
.506727 
.507099 
.607471 
.607848 
.508214 
.508585 
.608956 

.509328 
.609696 
.510065 
.510434 
.510803 
.511172 
.511540 
.611907 
.518275 
.512042 


Cosine. 


D.r. 


6.48 
6.47 
6.47 
6.47 
6.45 
6.43 
6.45 
6.43 
6.48 
6.42 
6.48 

6.42 
6.40 
6.88 
6.40 
8.87 
8.88 
8.87 
6.87 
6.36 
6.85 

6.88 
6.86 
6.88 
6.88 
6.88 
6.88 
6.88 
6.80 
6.28 
6.80 

6.88 
8.27 
6.28 
8.27 
6.25 
6.25 
6.25 
6.26 
6.28 
6.28 

6.28 
6.28 
6.28 
6.20 
6.20 
6.20 
6.18 
6.18 
6.18 
6.17 

6.17 
6.15 
6.15 
6.15 
6.15 
6.18 
6.13 
6.18 
6.18 


Oosiiie. 


D.r. 


9.978206 
.978165 
.978124 
.978083 
.97804: 
.978001 
.977959 
.977918 
.977877 
.977833 
.977794 

9.977i52 
.977711 
.977669 


.977586 
.9776+4 
.977508 
.977461 
.977419 


9.977335 


.977251 
.973^809 
.977167 
.977125 
.977083 
.97^041 
.976909 
.976057 

9.976914 
.976878 
.976830 
.978787 
.976745 
.976702 
.976660 
.976617 
.976574 
.976688 

9.976489 
.976446 
.976404 
.976361 
.978318 
.976275 


.976189 
.076146 
.976103 

9.976060 
.978017 
.975974 
.975930 
.975887 
.975614 
.975600 
.973757 
.976714 

9.975670 


D.r. 


.68 
.68 


.70 


.70 
.68 
.70 

.68 

.70 
.68 
.70 
.70 
.68 
.70 
.70 
.70 
.70 

.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.72 

.70 
.70 
.72 
.70 
.72 
.70 
.72 
.72 
.70 
.72 

.72 
.70 
.78 
.72 
.72 
.72 
.72 
.72 
.72 
.78 

.72 
.72 
.78 
.712 
.72 
.7H 
.72 
.72 
.73 


Tang. 


9.511776 
.518206 
.518686 
.518064 
.518488 
.518921 
.514849 
.5147r7 
.516804 
.616681 
.616067 

9.616484 
.516910 
.617885 
.617il61 
.518186 
.518610 
.519034 
.619466 
.619682 
.680805 

9.B807S8 
.681161 
.681578 
.681096 
.688417 


.684100 


9.6»4940 


.625778 
.626197 
.526615 
.627033 
.527451 
.627868 


9.689119 


.689951 
.580866 

.580781 
.681196 
.581611 


.638679 
.534092 
.6845(H 
.534916 


.636789 

.636160 

.686661 

9.686078 


D.r. 


Ck>taiig. 


7.17 
7.15 
7.15 
7.15 
7.18 
7.18 
7.18 
7.18 
7.18 
7.10 
7.18 

7.10 

7.08 
7.10 
7.08 
7.07 
7.07 
7.07 
7.07 
7.05 
7,06 

7.06 
7.08 
7.08 
7.08 
7.08 
7.08 
7.08 
7.00 
7.00 
7.00 

6.08 
6.98 
6.96 
6.97 
6.97 
6.97 
8.96 
6.95 
6.95 
6.96 

6.98 
6.98 
6.98 
6.98 
6.98 
6.98 
6.90 
6.90 
6.90 
6.88 

6.88 
6.88 
6.87 
6.87 
6.87 
6.85 
6.86 
6.85 
6.85 


Sine. 


D.r.  II  OoUng.  I 


D.r. 

-/'igiliz 


10.488884 
.467r94 
.467865 
.488986 
.486607 
.486079 
.485661 


.464796 
.464869 
.483948 

10.488616 
.488090 


.488880 
.481814 
.481890 
.460966 
.480648 
.460118 
.479605 

10.47D878 

.478849 
.47«487 
.47^)05 
.47J588 
.477162 
.478741 
.478380 
.476900 
.476480 

10.476060 
.474641 
.474222 
.478808 
.478385 
.47U67 
.478549 
.478132 
.471715 
.471208 

10.470881 
.470465 
.470049 
.469634 
.409219 
.468604 


.467975 
.467561 
.467147 

10.4667M 
.466881 
.466006 
.466496 
.466064 
.464678 
.464861 
.468850 
.468489 

10.468088 


60 
60 
68 
57 
66 
66 
54 
68 
68 
51 
60 

49 
48 
47 
46 
45 
44 
48 
48 
41 
40 

89 
86 
87 
86 
85 
84 
88 
88 
81 
80 

£9 
>« 
27 
86 
S5 
84 
88 
88 
81 
40 

19 
18 
17 
16 
15 
14 

la 

vt 
11 

10 

» 

8 

7 
6 
5 

4 

a 

8 
1 
0 


I 


[144  rf] 


LOGARITHMIC  SINES,   COHINIfiB,   TANS  AND  OOXANS.    IW^ 


Bine. 


1.534068 
.634890 
.5^745 
.535092 


.636129 
.686474 

.686818 
.637168 
.687507 

).687851 
.638194 


.689666 
.689907 
.640249 
.540590 
.540931 

).64127S 
.641613 
.541953 
.642298 
.549688 
.542971 
.548810 
.543649 
.548087 
.644825 

).644668 
.545000 
.545338 
.515674 
.546011 
.546347 
.546683 
.517019 
.547351 
.547689 

».548aM 
.548359 
.548698 
.549027 
.549360 
.549693 
.550026 


.561024 

.661856 
.651687 

.652(48 


.558010 
.558311 
.553670 
.651000 
.554820 


D.  r. 


5.78 
5.77 
6.78 
6.77 
6.75 
6.77 
5.75 
5.78 
5.75 
5.78 
6.78 

5.7» 
6.78 
5.70 

5.7» 
6.70 
5.70 
5.68 
5.68 
5.68 
6.68 

5.68 
5.67 
6.67 
5.66 
6.65 
6.66 
6.66 
6.68 
6.68 
6.68 
6.68 
6.68 
6.60 
6.68 
6.60 
6.60 
6.60 
6.58 
5.58 
5.68 

6.68 
5.67 

6.sr 

5.65 
6.65 
5.55 
6.55 
5.55 
6.58 
5.58 

5.68 
5.58 
5.58 
5.58 
5.50 
5.S8 
5.48 
6.50 
5.48 


0.978966 
978040 
078894 
078848 
07>i808 
072756 
078700 
913568 
078617 
073670 
078684 

078478 
078481 


078888 
078201 
078845 
972198 
972151 
078106 
078058 

07S011 
071064 

onei7 

0n870 
071823 
0717r6 
071780 
071682 
071685 
On588 

071540 
071493 
On446 
071898 
971851 
971808 
071856 
071808 

oni6i 

071113 

971066 
971018 
0TOO7O 
9n)922 
97T»74 
070827 
070770 
970731 
970683 
070685 

970686 
070538 
07M90 
970448 
070894 
970645 
070807 
070240 
970200 
070158 


D.r. 


77 
77 
,77 
77 
.78 
77 
77 
.77 
,78 
,77 
77 

78 
77 
78 
78 
77 
78 
78 
77 
78 
78 

,78 
78 
78 
78 
,78 
,78 
,78 
,78 
,78 
,80 

78 
,78 
80 
78 
80 
78 
80 
78 
80 
,78 

.80 
80 
80 
,80 
78 
80 
80 
80 
80 
88 

,80 
80 
80 
80 
82 
80 
80 
82 
80 


Tailor- 


0.661066 
561459 
561861 
562844 
662636 
568028 
668419 
568811 
564808 
664698 
564888 

666878 
665768 
566158 
,566548 
666888 
667820 
,567709 
668098 


:osine.  I  D.  1'.        Sine.        D.  1'.      Ootanc.  I  D.  1'. 


668878 


560648 
6!?0065 
67M22 
570809 
571195 
871681 

wioe? 

578852 


678188 

578607 


674876 
674660 
675044 
,676487 
676810 
676198 
678576 


677841 
677783 
578104 
678486 


578248 
579629 
580009 


580760 
681149 
581588 
681907 


,588044 


0.584177 


D.r, 


6.65 
6.58 
6.55 
6.68 
6.58 
6.58 
6.58 
6.58 
6.58 
6.50 
6.50 

6.60 
6.50 
6.48 
6.60 
6.47 
6.48 
6.48 
6.47 
6.45 
6.47 

6.46 
6.45 
6.45 
6.45 
6.48 
6.48 
6.48 
6.48 
6.48 
6.48 

6.40 
6.48 
6.40 
6.40 
6.40 
6.88 
6.88 
6.88 
6.88 
6.88 

6.87 
6.87 
6.85 
6.87 
6.85 
6.85 
6.85 
6.88 
6.88 
6.88 

6.88 
6.88 
6.88 
6.88 
6.88 
6.88 
6.80 
6.80 
6.88 


CoUuig. 


10.488834 
.486641 
.488149 
.487756 


.488072 


.486180 
.486n6 
.485107 
.480017 


.484887 
.488817 


.480680 


.481008 
.481614 
.481187 


10, 


.488101 


.488410 
.488088 

.487648 


87 
86 
85 
84 
88 

as 

81 
80 

90 
.C04W  88 
.488108  .  87 
.488394  ,  98 
.488840  I  86 
.4M8B6  I  94 
.494678  88 
.494190  1  99 
^""^  JH 
.  90 


10.486877 


00 
60 
68 
67 
60 
66 
64 
58 
68 
61 
60 

40 
4B 
47 
« 
46 
44 
48 
48 
41 
40 


10 
18 
17 

.491806  I  16 
.481614  15 
.481188  14 
IS 
IS 
11 
10 


.410091 
.419611 

10.410881 
.418861 
.418498 
.418008 
.417714 
.417886 
.410066 
.416638 


10. 


8 
8 
7 
8 
6 
4 
8 
2 
1 
O 
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.V 


^  ^r 


* 

s 


Vxif^kflC-     S<X5C¥?^^, 


« :4>*^ 


X>.  1-, 


CV>^ne. 


r>. 


.^-Digfeed^r^ZI  Ot5^jp;  |  jn- 


ES®      LOGARITHMIC  SINUS,   COaiN£S,    TANS  AND  COTANS.     1(RT** 


Sine. 


9.67S575 


.674200 
.674612 
-.674824 
.575186 
.675447 
.575758 
.57G069 
.676879 
.676689 

9.576999 
.577809 
.577618 
.677927 
.678286 
.578546 
.578853 
.579162 
.579470 
.679777 

9.680085 


.580099 
.581005 
.581312 
.581618 
.581924 


9.583146 
.568449 
.668754 
.6&1058 
.684361 
.684666 


.686574 
.686877 

9.686179 
.68&188 
.686783 
.567086 


.687688 
.687989 


.668690 


9.689190 


.689989 
.680068 

.690887 
.600866 
.000964 

.6019» 

.801680 

9.80187B 


Cosine. 


D.  r. 


6.22 
6.20 
5.20 
6.20 
6.20 
6.18 
5.18 
6.18 
5.17 
5.17 
5.17 

6.17 
6.16 
6.16 
6.15 
6.15 
6.13 
6.16 
6.18 
6.12 
6.18 

6.12 
5.12 
6.10 
5.12 
6.10 
6.10 
6.08 
6.10 
5.08 
6.06 

6.07 
6.08 
6.07 
6.06 
6.07 
6.06 
6.07 
6.08 
6.06 
6.08 

5.0B 
6.02 
6:08 
6.02 
5.08 
6.02 
6.00 
6.00 
6.00 
6.00 

4.96 
6.00 
4.98 
4.96 
4.98 
4.97 
4.97 
4.97 
4.97 


D.  r. 


Coeine. 


9.967166 
.967116 
.967064 
.967018 
.966961 
.966910 


.9667^ 
.966705 
.966653 

9.966602 
.966550 
.966499 
.966447 
.966895 
.966344 
.CG6S92 
.£66210 
.966188 
.966186 

9.966065 


.966981 


.966876 


.9657^8 
.966720 
.966668 
.966615 

9.966668 
.965611 
.966458 
.966406 


.966801 


.966195 
.965143 
.966090 

9.966087 
.964981 
.964981 
.964879 
.964826 
.964778 
.964720 


.964618 
.964660 

9.964607 
.964464 
.964400 
.964847 
.964204 
.964240 
.964187 
.964188 
.964060 

9.964006 


D.  r. 


.86 
.86 
.87 
.86 
.86 
.86 
.87 
.86 
.87 
.86 

.87 
.86 
.87 
.87 
.86 
.87 
.87 
.87 
.87 
.85 

.87 
.87 
.87 
.88 
.87 
.87 
.87 
.87 
.88 
.87 

.87 
.88 
.87 
.88 
.87 
.88 
.86 
.87 


.87 
.88 
.88 
.88 
.90 
.88 
.86 
.88 

.88 
.90 
.88 
.88 
.90 
.88 
.90 
.66 
.90 


TaniT- 


9.606410 
.606778 
.607187 
.607500 
.607868 


.606588 
.608950 
.609812 
.609674 
.610086 

9.610697 
.6107^ 
.611120 
.611480 
.611841 
.612201 
.612561 
.612921 
.618281 
.618641 

9.614000 
.614359 
.614n8 
.616077 
.616435 
.015793 
.616151 
.616509 
.616867 
.617224 

9.617582 
.617939 
.618296 
.618652 
.619G08 
.619364 
.619720 
.620076 


.620787 

9.621142 
.621497 
.621852 


.622661 
.022915 


.628976 


9.624688 

.626086 


.606741 
.606008 
.606445 
.880797 
.687149 
.687501 


D.  r. 


6.05 
6.07 
6.06 
6.05 
6.08 
6.06 
6.08 
6.08 
6.08 
6.08 
6.00 

6.06 
6.02 
6.00 
6.00 
6.00 
6.00 
6.00 
6.(0 
6.00 
6.96 

6.98 
6.98 
6.98 
6.97 
6.97 
6.9/ 
6.97 
6.97 
6.95 
5.97 

6.96 
6.98 
6.95 
6.98 
5.98 
6.98 
6.98 
5.98 
6.90 
6.90 

6.90 
6.90 
6.90 
6.90 
6.90 
6.90 
6.90 
6.88 
6.90 
6.86 

5.88 
6.87 
6.88 
6.87 
6.87 
6.87 
6.87 
5.87 
6.86 


Ck>tang. 


10.8 


.898227 
.892868 
.892600 
.892187 
.391775 
.891412 
.891060 


.889964 

10.889608 
.889241 


00 
60 
68 
67 
66 
66 
64 
58 
62 
61 
60 


48 
47 

888520  46 

.888159  45 

.887r99  .  44 

.887489  I  48 

.887t)79  ;  40 

.886719  I  41 

.386860  40 

10.886000  '  80 

.885641  86 

.386282  I  87 

.884923  '  86 

.884566  !  86 

.884207  j  84 

.888849  I  88 

.383491  I  80 

.888188  I  81 

.860776  ,  80 

10.880418  00 

.862061  28 

.881706  07 

.881848  26 

.880992  85 

.880636  !  24 

.880280  I  28 

.879924  28 

.879568  21 

.879213  20 

10.878668  19 

.876503  18 

.878148  I  17 

.877i96  !  16 

.877489  >  15 

.877X)85  ;  14 


.879731 

18 

.878877 

12 

.876024 

11 

.87667t) 

10 

10.876817 

.874064 

.874612 

.874250 

.878007 

.878666 

.878808 

.878651 

.879490 

10.870148 

Sine.      D.  1*.  [\  Cotang.  | 


D.  1'.  1     Tang. 


iisr 
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67*» 


tlTUMIC  8INBB,  O0BIHX8,  TANS  AND  00TAN8.    1(MI^ 


D.  r. 


4.97 
4.95 
4.9S 
4.9S 
4.93 
4.98 
4.98 
4.93 

4.m 

4.9-i 
4.04 

4.98 
4.94 
4.90 
4.90 
4.90 
4.90 
4.88 
4.90 
4.88 
4.87 

4.88 
4.87 
4.87 
4.87 
4.87 
4.85 
4.85 
4.85 
4.85 
4.88 

4.88 
4.88 
4.88 
4.88 
4.88 
4.88 
4.88 
4.80 
4.88 
4.80 

4.80 
4.78 
4.80 
4.78 
4.78 
4.78 
4.77 
4.78 
4.77 
4.77 

4.75 
4.7r 
4.75 
4.75 

4.78 
4.78 
4.78 
ath 


.968872 
.968019 


.968811 
.968757 
.9687M 


.968518 
.968488 

9.908184 
.968879 


.968817 
.968168 
.968108 


9.908BB0 


.908781 
.909787 
.969678 
.968617 
.968668 
.968608 
.969458 


.968178 
.968128 


.908018 
.961967 
.961901 
.961846 

9.961791 
.961786 
.961680 


.9n669 
.961618 
.961458 
.961408 
.961840 
.961890 

9.961986 
.901179 
.901188 
.901007 
.961011 


.900848 


D.r. 


Tmd«. 


.90 
.88 
.90 
.90 
.90 
.88 
.90 
.90 
.90 
.90 
.90 

.93 
.90 
.90 
.90 
.90 
.08 
.90 
.98 
.90 
.09 

.90 
.93 
.90 
.98 
.99 
.93 
.90 
.99 
.93 
.93 

.93 
.93 
.93 
.93 
.98 
.93 
.93 
.93 
.98 
.98 

.98 
.98 
.98 
.93 
.98 
.93 
.98 
.98 
.98 
.03 

.08 
.98 
.98 
.98 
.98 
.98 
.98 

M 


.688664 


.6B835G 
.689600 


.680666 

.681006 
.681865 

9.681704 


.688750 


.688447 
.688796 
.684148 


9.685185 
.686588 
.686679 


.686578 
.686019 
.687966 
.687611 
.687966 


9.688647 
.688993 
.680687 


.640037 
<  .640871 
I  .640716 

.641060 
,  .641404 

.641747 

I  9.048091 


.648777 
.648130 
.648468 
.648606 
.644148 
.644490 
.644883 
.646174 

9.64B816 
.646657 
.646199 
.646540 
.046881 

.647603 
.647906 


D.r. 


Coteag. 


5.8S 
5.85 
6.85 
6.88 
5.85 
5.88 
5.88 
5.88 
5.88 
5.88 
5.88 

5.88 
5.88 
5.80 
0.88 
5.80 
5.80 
5.80 
5.78 
5.80 
6.78 

5.78 
5.78 
5.7B 
5.77 
5.78 
5.77 
5.77 
6.75 
5.77 
5.76 

5.78 
5.78 
5.75 
5.75 
5.78 
5.78 
5.78 
5.78 
5.78 
6.78 

5.78 
6.78 
5.78 
5.78 
5.78 
5.70 
5.70 
6.70 
6.70 
6.70 

6.68 
5.70 
5.68 
5.68 
5.68 
5.07 
5.68 

R  ftV 


10.878148 
.871797 
.8n446 
.871095 
.870745 
.870894 
.870044 


.868995 
.868645 


10. 


.807947 
.867606 
.882860 


.866668 
.886806 
.866867 
.866510 
.865108 

10.864816 

.804408 
.864121 
.868774 
.868428 
.868061 
.808736 


.809044 
.861696 

10.861868 

.861008 


.800618 
.860078 


.856940 


10.857909 
.857566 


.856880 
.866687 
.866194 


.8S5510 
.855168 
.854636 

10.864484 
.854148 
.858801 
.858400 
.858110 
.868778 
.858488 


00 
50 
58 
67 
66 
55 
64 
66 
63 
51 
50 

49 
48 
47 
46 
45 
44 
48 
48 
41 
40 

89 
88 
87 
80 
85 
84 
88 
83 
81 
80 

29 
28 
27 
80 
85 
84 
28 
23 
21 
80 

10 
18 
17 
16 
15 
14 
18 
13 
11 
10 


4 


d  by  Google 


tf4^      LOGARITHMIC  SINUS)   COBIMSS,    TANS  AND  C0TAN8.     1{W° 


Sine. 


D.r. 


9.600813 
.009597 


.6101&4 
.610147 
.610^29 
.611012 
.611294 
.611576 
.611858 
.612140 

9.618421 

.612702 
.612983 
.613264 
.618545 
.618825 
.614105 
.614385 
.614665 
.614944 

31  •  9.615228 
22  :  .615502 
.615781 
.616060 
.616388 
.616616 
.616894 
.6171?2 
.617450 
.6irr27 

9.618004 
.61^81 
.616558 
.618834 
.619110 
.619886 
.619662 


.620213 
.6^9188 

9.6907)B8 
.0210:38 
.021313 
.021587 
.021861 
.622185 


.022956 


.628774 
.634047 
.684319 
.0M591 


.025185 

.685406 

.666677 

9.68S(M8 


Codne.  I  D.  1'. 


4  73 
4.72 
4. 73 
4.78 
4.70 
4.'» 
4.70 
4.70 
4.70 
4.70 
4.68 

4.68 
4.68 
4.68 
4.08 
4.G7 
4.67 
4.67 
4.67 
4.65 
4.66 

4.65 

4.66 
4.65 
4.GS 
4.68 
4.68 
4  63 
4.68 
4.62 
4.62 

4.08 
4.68 
4.60 
4.00 
4.60 
4.00 
4.00 
4.58 
4.58 
4.58 

4.58 
4.56 
4.57 
4.57 
4.57 
4.57 
4.56 
4.57 
4.55 
4.56 

4.S8 

4.66 
4.68 
4.58 
4.58 
4.58 
4.58 
4.58 
4.58 


9.900730 
.960674 
.960618 
.960561 
.960605 
.960448 
.960892 


.960165 

9.900100 
.960052 
.958095 
.9690:« 


.95982.') 
.950768 
.960711 
.9596r>l 
.969596 

9.950590 
.959482 
.959425 
.060368 
.900810 
.960258 
.960195 
.960188 
.959080 
.060003 

9.968905 
.968008 
.968850 


.9587&4 
.058677 
.958619 
.958561 
.958503 
.956445 

9.958887 


.958271 
.956213 
.958154 
.958006 
.058038 
.957979 
.957921 
.957863 

9.967804 
.957746 
.967687 
.957028 
.957670 
.957S11 
.957453 


.857835 
9.857278 


.as 

.95 
.93 
.95 
.93 
.95 
.93 
.95 
.95 
.93 

.95 
.05 
.95 
.93 
.95 
.95 
.95 
.96 
.97 
.95 

.96 

.95 
.95 
.97 
.95 
.97 
.95 

.vr 

.95 
.97 

.96 
.97 
.97 
.97 
.96 
.97 
.97 
.97 
.97 
.97 

.97 
.97 
.97 
.08 
.97 
.97 
.98 
.97 
.97 
.98 

.97 
.98 
.06 
.97 
.98 
.98 
.98 
.97 
.08 


Tang.   D.  1\  \   Cotang. 


9.646583 
.648923 
.649263 
.049602  I 
.649942  I 


.660620 
.650959 
.651297 
.651636 
.651974 

9.652812 
.652650 


.653663 
.654000 
.654337 
.654674 
.656011 


9.056684 
.666020 
.060866 


.667028 
.667864 
.657099 


.668704 

9.669069 
.669873 
.659708 
.660042 
.660376 
.660710 
.661043 
.6618r7  I 
.661710 
.666048 

9.008890 

.602709 
.668042 
.608375 
.668707 
.664089 
.004871 
.664708 


.606866 


.660029 

.600860 
.600691 
.007081 
.607868 


.006018 


9.066673 


6.67 
5.67 
6.65 
6.67 
5.65 
6.65 
5.65 
6.68 
5.65 
6.63 
6.68 

5.68 
5.68 
5.68 
5.68 
5.68 
5.08 
5.6a( 
5.68 
5.68 
5.60 

5.60 
5.60 
5.60 
5.60 

5.60 
5.56 
5.56 
5.56 
5.56 
5.56 

6.57 
6.56 
5.57 
5.57 
5.57 
5.55 
5.57 
5.55 
6.55 
5.55 

5.55 
5.56 
5.55 
5.58 
5.58 
5.58 
5.58 
5.58 
6.58 
5.58 

5.68 
6.58 
5.58 
5.60 
5.68 
5.60 
5.68 
5.50 
5.50 


10.801417 
.851077 
.850787 
.850896 
.850068 
.349719 
.849380 
.319041 
.348208 


.848086 

10.847688 
.847350 
.847012 
.840674 


.840000 


.846326 
.344989 
.844652 

10.844816 
.848960 
.848644 
.848808 
.848972 


.848C01 
.341966 
.341631 
.841296 

10.340901 
.340627 


.880968 


.838290 
.888957 


.887057 


10, 


.88»91 


.896961 


.896297 
.834965 
.88403i 


10. 


.888809 


.888648 
.888818 
.831987 
.881657 
10.881887 


Cosine,     D.r.  II    Sine.    I  D.r.    I  Cotang.  |  D.r.  1  .Tang. 

.jigitizedby  VjOO' 


114° 


^ 


51 
00 

49 
48 
47 
40 
45 
44 
43 
48 
41 
40 

ao 

OB 
87 
86 
85 
84 
88 
88 
81 
80 

89 

88 
87 
86 
85 
84 
88 
88 
81 
80 

19 
18 
17 
16 
15 
14 
13 
18 
11 
10 


[1441] 


65' 


j^XC?     BTJfMBy    OOBINBB,   TANS  AJSD  OOTANS. 


y 


jj    ckfrnin^ 


:SS«^ 


'^4090 


'5^728 


^ln0*    1  D.  r. 


D.  r. 


.06 
.96 
.96 
.96 
.96 

1.00 
.96 
.96 
.96 

1.00 
.96 

.96 
1.00 

.96 
1.00 
1.00 

.96 
1.00 
1.00 

.06 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.96 
1.00 
1.00 

1.00 
1.08 
1.00 
1.08 
1.00 
1.08 
1.00 
1.0« 
1.08 
1.00 

1.0« 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 

1.08 
1.08 
1.08 
1.08 
1.03 
1.08 
1.08 
1.03 
1.08 


Ting. 


0.668678 
.600002 


.600661 
.060991 
.670600 
.670649 
.67D9T7 
.671806 
.671686 
.671068 

0.072801 
.0;»)19 
.07S047 
.678S74 
.678602 
.678029 
.674257 
.6746&1 
.674911 
.675287 

0.078664 
.676690 
.676217 
.676648 
.676860 
.677194 
.677520 
.677846 
.678171 
.678406 

0.678881 
.670146 
.670471 
.679796 
.680120 
.680444 


.681092 
.681416 
.661740 

0.688068 


.68»no 


.688679 
.684001 


.684646 
.664968 


.686612 


.686677 


.687210 

.687M0 

.687861 

0.668182 

Cotang. 


D.r. 


6.48 
6.60 
6.48 
6.50 
6.48 
6.48 
5.47 
5.48 
6.48 
6.47 
5.47 

6.47 
6.47 
6.45 
6.47 
6.45 
6.47 
5.45 
5.45 
6.48 
6.45 

6.48 
6.45 
5.48 
6.48 
6.40 
5.48 
6.48 
6.48 
6.42 
6.48 

6.48 
6.40 
6.40 
6.42 
6.40 
6.40 
6.40 
6.40 
6.40 
6.36 

6.40 
6.88 
6.88 
6^ 
6.38 
6.37 
6.38 
6.87 
6.87 
6.37 

5.87 
6.87 
6.35 
6.37 
5.86 
6.86 
6.85 
5.85 
5.85 


Ck>teii8 


10.8818S 

.88091 
.8806< 
.880;fi 
.SSOOi 
.92»H 

.3290: 

.82801 
.8S83< 
.8260; 

10.8877( 
.88731 
.8270! 
.8887] 


.8264 
.82601 
.82471 

10.8244J 
.8241 
.8287J 
.82841 


.8221! 
.821 8J 
.82154 

I0.82ir 

.3208i 
.8206: 

.319^ 
.8195.' 

.aiiw; 

.8181K 
.818« 

10.81795 

.8176. 
.aiT'.^l 
.816W 
.81  «6^ 
.81635 
.8159! 
.3156: 
.81  .'A' 
.8150! 

10.81471 
.8143} 
.3M0( 
.8137. 
.3134J 
.3131( 
.3127* 
.3124( 
.3121? 

10.81181 


D.  V.  I     Tang. 


[144/] 


S6°     liOGABITHMIC  BINES,   C08INBB,   TANS  AND  CXITANB.     li 


Bine. 


9.641848 
.012101 
.6423G0 
.M2618 
.542877 
.64818S 
.648898 
.648650 
.643906 
.644165 
.6444:28 

9.644680 
.644986 
.645196 
.645450 
.64En06 


.640S18 
.646474 
.646739 
.646864 

9.647940 
.647404 
.647749 
.618001 
.518258 
.618612 
.648706 
.649020 
.649274 
.649627 

9.649781 
.650081 


.660689 
.660792 
.66iai4 
.651297 
.661549 
.661800 


9.662804 


.668067 


.654069 
.654809 
.654568 

9.654808 
.666068 

.666807 


.666806 

.666054 
666808 
.666661 

.666799 
9.667047 


Cosine. 


D.  r. 


4.8S 
4.82 
4.80 
4.82 
4.80 
4.80 
4.28 
4.80 
4.28 
4.80 
4.28 

4.87 
4.28 
4.28 
4.27 
4.27 
4.27 
4.27 
4.25 
4.26 
4.27 

4.88 
4.26 
4.85 
4.28 
4.28 
4.28 
4.28 
4.28 
4.22 
4.28 

4.88 
4.22 

4.20 
4.28 
4.20 
4.83 
4.20 
4.18 
4.20 
4.20 

4.18 
4.18 
4.18 
4.18 
4.17 
4.17 
4.18 
4.17 
4.16 
4.17 

4.17 
4.15 
4.16 
4.15 
4.15 
4.18 
4.15 
4.18 
4.18 


D.  r. 


CkMtne. 


9.968660 
.968699 


.968475 
.968418 


.958166 
.968104 
.958012 

9.968960 
.962918 
.968865 
.952793 
.952781 


.952606 
.962544 
.952481 
.968419 

9.968856 
.962294 


.9621G3 
.962106 
.952018 
.961960 
.961917 
.951854 
.951701 

9.961788 
.961665 
.961008 
.961539 
.951476 
.961412 
.961849 
.961286 


.961169 

9.961086 
.951032 
.960966 
.960906 
.960841 
.960778 
.960714 
.960650 
.960686 
.960628 

9.960458 
.950694 
.960680 


.960809 
.960188 
.960074 
.960010 
.949946 
9.949681 


D.r, 


1.08 
1.08 
1.06 
1.06 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 

1.06 
1.05 
1.08 
1.06 
1.08 
1.05 
1.06 
1.05 
1.08 
1.05 

1.06 
1.05 
1.05 
1.08 
1  05 
1.05 
1.05 
1.05 
1.05 
1.05 

1.05 
1.05 
1.05 
1.05 

i.or 

1.0» 
1.05 
1.06 

1.07 
1.05 
1.07 
1.05 
1.07 
1.07 
1.07 
1.07 
1.07 

1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.08 
1.07 


Sine,  i  D.  1'. 


Tang. 


9.688188 
.688602 


.689148 
.689468 
.689788 
.690108 
.680488 
.690748 
.691062 
.691881 

9.691700 
.698019 


.698656 


.608618 


.694218 
.694666 


.695201 
.696618 


.696158 
.606470 
.686787 
.09n06 
.697420 
.697786 

9.608068 

.696869 


.699001 
.699816 


.700868 
.700678 
.700898 

9.701808 
.701588 
.701887 
.708168 
.708466 
.708781 
.708006 
.708400 
.706S88 
.7DM66 

0.704860 
.704668 
.704876 


.706608 
.706016 


.706641 

.706864 

9.707166 


D.  r. 


5.86 
5.88 
6.88 
5.88 
5.88 
5.86 
5.88 
5.88 
5.88 
5.88 
6.88 

5.88 
6.88 
6.80 
5.88 
5.80 
5.88 
6.80 
5.80 
5.80 
5.28 

5.80 
5.28 
6.80 
5.28 
5.28 
5.28 
5.27 
6.28 
6.27 
5.28 

5.27 
5.27 
6.27 
5.26 
5.27 
5.25 
5.87 
5.85 
5.85 
5.25 

5.25 
5.88 
5.25 
5.88 
5.25 
5.88 
5.88 
5.88 
6.28 
5.88 

5.28 
5.88 
5.88 
5.88 
5.88 
6.80 
6.88 
6.28 
5.80 


Ootang.     D.  IV 

^iii^FirlJriy  V 


Ootaog. 


10.811818 
.81149B 
.811177 
.810667 
.810637 
.810217 
.809897 
.809677 


.808619 

10.808800 
.807061 
.807668 
.807&44 
.807085 
.806707 
.806888 
.806070 
.806758 
.305484 

10.806117 
.304799 
.804482 


eo 

69 

68 
57 
66 
6S 
64 
66 
M 
SL 
60 

49 
48 
47 
40 
45 
44 
48 
48 
41 
40 

80 

88 
87 


.8041G4  I  36 


.308647 
.808680 
.808218 
.802697 
.802580 
.308864 

10.301917 
.301681 
.801315 
.800999 
.300684 
.300668 
.800058 
.899737 
.899422 
.289107 

10.898798 

.898477 
.898168 
.897848 
.897684 
.807819 
.896906 
.896601 
.890878 


io.i 


.886837 

.soeoM 

.804710 
.894897 
.894064 
.898m 
.886480 
.888116 


10.81 


11«« 


85 
84 
88 
88 
81 
80 

80 
88 
87 
86 
85 
84 
88 
8 
81 
80 

19 
18 
17 
16 
16 
14 
18 
18 
11 
10 

9 
8 
7 
0 
6 
4 
8 
f 
1 
0 


[144  m] 


i^\^ 


^r 


.,    /  !>'  *' 


Taag,      D.  1'. 


I 


*  -  121 


.738844 

.794149 
.7«4464 

.7«4fniO 
.7»065 

9.735674 


5.90 

s.ao 
5.9a 
5.ao 

5.18 

s.ao 

6.18 
5.18 
6.18 
6.18 

6.18 
5.18 
5.17 
5.18 
5.17 
5.17 
5.17 
5.17 
5.17 
5.17 

5.15 
5.15 
5.17 
5.16 
6.15 
5.15 
6.16 
6.18 
5.15 
6.18 

6.18 
5.13 
6.18 
6.13 
6.18 
6.13 
6.  IS 
6.13 
6.12 
6.12 

5.13 
6.13 
6.18 
6.10 
6.12 
6.10 
6.12 
5.10 
6.10 
6.10 

6.08 

6.10 

6.10 

6.0B 

5.08 

5.10 

5.08 

6.08 

6.07 


^-^ — \\  Cotang.  1  D.  v.  i 
byLjOOgle         [144  nl 


S8°      LOGARITHMIC  3INKS,   COSINES,    TANS  AND  COTANS.     151* 


Sine. 


0 

9.671600 

1 

.671847 

2 

.679084 

8 

.678821 

4 

.672568 

6 

.672796 

6 

.673032 

7 

.678268 

8 

.678505 

0 

.678741 

10 

.6789Tr 

11 

9.674218 

12 

.674448 

IS 

.674684 

14 
15 

.6^4919 
.675156 

16 

.675890 

17 

.675024 

18 

.675869 

19 

.676094 

20 

.676828 

21 

9.676562 

2-Z 

.676796 

2ii 

.677000 

24 

.677264 

25 

.677498 

26 

.677781 

27 

.677964 

28 

.678197 

29 

.678480 

80 

.678668 

81 

9.678895 

82 

.679128 

.670592 


.680056 


.680519 
.680750 


9.681218 
.681448 
.681674 
.681905 
.682185 


.682595 


.6a%55 


9.688514 
.683743 


.684201 
.684480 
.684658 
.684887 
.6R5115 
.685843 
9.685571 


D.r. 


8.97 
8.06 
8.96 
8.95 
8.96 
8.96 
8.98 
8.96 
8.98 
8.98 
8.96 

8.92 
8.98 
8.92 
8.98 
8.92 
8.90 
8.92 
8.92 
8.90 
8.90 

8.00 
8.90 
8.90 
8.90 
8.88 
8.88 
8.88 
8.88 
8.88 
8.87 

8.88 
8.87 
8.87 
8.87 
8.87 
8.87 
8.85 
8.85 
8.87 
8.85 

8.88 
8.H5 
8.85 
8.88 
8.88 
8.88 
8.88 
8.88 
8.82 
8.83 

8.82 
8.82 
8.82 
8.82 
8.80 
882 
8.80 
8.80 
8.80 


Cosine. 


9.945985 
.945868 
.945600 
.946783 
.945666 
.945698 
.946581 
.945464 
.(M5896 


.946261 

9.945198 
.945126 
.045068 
.044990 
.944922 
.944854 
.944780 
.944718 
.944650 
.944682 

9.944514 
.944446 
.944877 
.944809 
.944241 
.944179 
.944104 
.944066 
.948967 
.948860 

9.948890 
.948761 
.043693 


.948555 
.948486 
.94*417 
.948848 
.948279 


9.948141 
.94:^072 
.948003 


.942864 
.942795 
.942726 
.942656 
.942587 
.94J^17 

9.942448 
.9423(S 
.942308 
.942239 
.942169 


.941959 

.941889 

9.941819 


Cosine,  i  D.  1'.  h     Sine. 


D.l'. 


12 
18 
12 
12 
18 
12 
12 
18 
18 
19 
18 

18 
12 
18 
.18 
18 
,18 
18 
18 
.18 
18 

18 
15 
18 
18 
16 
18 
18 
15 
18 
15 

.15 

.13 

15 

15  I 

15 

15 

15 

15 

15 

15 

15 
15 
15 
17 
15 
15 
17 
15 
17 
15 

17 
17 
15 
17 
17 
17 
17 
,17 
,17 


Tang. 


9.725674 
.725979 
.726284 

.726588 


.727197 
.727501 
.727805 
.728109 
.728412 
.728716 

9.7290S0 


.780585 


.781141 
.781444 
.781746 

9.732048 
.782351 
.782658 
.782965 
.788867 
.788558 


.784162 
.784468 
.784764 

9.786066 
.785367 
.735668 


.786369 
.786570 
.786670 
.7^171 
.787471 
.737771 
9.788071 
.738371 
.788671 
.788971 
.780871 
.789570 
.789870 
.740169 
.740468 
.740767 

9.741066 
.741865 
.741664 
.741902 
.742261 
.742550 
.742858 
.748156 
.748454 

9.748752 


D.  1'.  ;  C\)tang. 


D.l'. 


6.06 
5.06 
5.07 
5.07 
5.05 
6.07 
5.07 
5.07 
6.06 
6.07 
6.07 

6.05 
5.05 
5.05 
5.07 
5.08 
5.05 
5.06 
5.06 
5.08 
5.08 

5.06 
5.06 
5.06 
5.06 
5.02 
5.08 
5.06 
6.02 
5.02 
5.08 

6.02 
5.02 
5.02 
5.00 
5.02 
5.00 
5.02 
5.00 
5.00 
5.00 

6.00 
6.00 
5.00 
5.00 
4.96 
5.00 
4.98 
4.98 
4.98 
4.98 

4.98 
4.98 
4.97 
4.98 
4.97 
4.98 
4.97 
4.97 
4,97 


Cotang. 


10.274826 
.274021 
.278716 
.273412 
.278106 
.272808 
.272499 
.272105 
.271891 
.271588 
.271284 

10.270060 
.270677 
.270874 
.2r0071 
.269767 


.269162 


10.267062 
.267649 
.267847 
.267045 
.266748 
.266442 
.266140 


.265587 


10.284964 


.264081 
.268781 
.268480 
.268130 


10.261929 
.261629 
.261829 
.261029 


.260480 
.260130 


.259532 


10. 


.258086 


.257789 
.257441 
.257142 
.256844 
.256546 


10. 


60 
50 
68 
57 
66 
65 
54 
58 
62 
51 
50 

49 
48 
47 
46 
45 
44 
48 
42 
41 
40 

SO 
88 
87 
86 
86 
84 
88 
82 
81 
80 

29 
28 
27 
26 
25 
24 
28 
22 
21 
90 

19 
18 
17 
16 
15 
14 
18 
12 
11 
10 

9 
8 
7 
0 
6 
4 
8 
2 
1 
0 


us^ 


D.  r. 

.jiqitized  by 


[144  o] 


«1« 


LOGABITHBnC  SIKSS^     CSOSlNlS,    TAKS  AND  ttVl 


.6H5793 

.(SdGZ>4i 

.986709 

.688036 

.687163 

.687399 

.687616 


f  (  -^ss 


Ckwlxke, 


I>.  1*. 


.1M111T 

9    94()33S 
.940122^ 

^^1#4  1 0 

OaP76T6 
9 '0137531 


Tanf. 


'I 


9.T47TyS 
'  .747^10 
.74;T31ii 
.  .747313 
i  .748at*9 
I  .74fl5tk5 
,  .74*101 
i  .74B0»7 
.749393 
.74^6^ 

0.74D96@ 

.750670 
.75<*fr2 
.751107 
.751409 
.W1757 
.753053 
.732*17 

.7I&3231 

.7S3820 

.754115 
.7&44fi9 
.754711(1 

.755291  ' 

9.755878 
.750172 
.75CMe5 
.75S7h9 
.157063 
.757345 
.75703? 
.757031 

,75B517 

8.758H10 
.7531^! 
.759396 

.7501179 
.760ST2 
.760661 

.7ail4H 
9.701439 


. PigitiiorJ  bij 


l}i^h  Cotang, 


^gle- 


i\  r.  I 


[I44p] 


k>v/i9ti,^ns7.     xjiao    jxau   \,\rxAaa. 


Sine. 


0 

0.096070 

1 

.600180 

2 

.600407 

8 

.690626 

4 

.600644 

6 

.700062 

6 

.700880 

7 

.700408 

8 

.700716 

9 

.700033 

10 

.701151 

11 

0.701868 

12 

.701585 

IS 

.701802 

14 

.702019 

15 

.702236 

IC 

.702452 

17 

.702660 

18 

.702885 

19 

.708101 

20 

.708817 

21 

9.706588 

22 

.708749 

23 

.7O80W 

»« 

.704170 

25 

.704805 

26 

.701610 

27 

.704825 

28 

.706040 

20 

.705254 

SO 

.705460 

81 

0.706688 

82 

.706808 

83 

.706112 

84 

.706826 

85 

.706530 

86 

.706763 

87 

.706067 

88 

.707180 

80 

.707803 

40 

.707606 

41 

9.707810 

42 

.708082 

43 

.708245 

44 

.708458 

45 

.706070 

46 

.706882 

47 

.700004 

48 

.709806 

40 

.709518 

60 

.709780 

61 

9,709941 

62 

.710153 

63 

.710864 

64 

.710675 

65 

.710786 

66 

.710007 

67 

.711808 

68 

.711419 

00 

.711029 

60 

9.711889 

Coohie. 


D.  1". 


8.65 
8.68 
8.65 
8.63 
8.68 
8.68 
8.68 
8.68 
8.62 
8.63 
8.62 

8.68 
8.62 
8.68 
8.68 
8.60 
8.62 
8.60 
8.60 
8.60 
8.60 

8.60 
8.58 
8.68 
8.60 
8.58 
8.58 
8.58 
8.57 
8.58 
8.67 

8.68 
8.57 
8.67 
8.56 
8.57 
8.57 
8.65 
855 
8.55 
8.65 

8.66 
8.55 
8.55 
8.68 
8.68 
8.68 
8.68 
8.68 
8.58 
8.52 

8.68 
8.62 
8.62 
8.68 
8.68 
8.68 
8.68 
8.60 
8.60 


D.r, 


Cosine. 

D.l\ 

9.087581 

1.88 
1.22 
1.22 
1.28 
1.28 
1.88 
1.22 
1.22 
1.28 
1.28 
1.88 

.087468 

.987885 

.9878138 

.987288 

.987165 

.987092 

.967019 

.986046 

.986872 

.086799 

9.960785 

1.88 
1.88 
1.88 
1.88 
1.88 
1.28 
1.28 
1.88 
1.88 
1.23 

.986662 

.986578 

986605 

.986481 

.966857 

.98(S84 

.980810 

.986186 

.980068 

9,986068 

1.23 
1.23 
1.23 
1.23 
1.28 
1.26 
1.28 
1.28 
1.25 
1.28 

.986014 

.985840 

.985706 

.086602 

.065618 

.066648 

.985460 

.985305 

.085820 

9.085246 

1.25 
1.28 
1.26 
1.28 
1.25 
1.26 
1.26 
1.23 
1.26 
1.25 

.935171 

.986097 

.985022 

.084918 

.034873 

.934706 

.984728 

.984649 

.984574 

9.984499 

1.25 
1.25 
1.25 
1.25 
1.27 
1.25 
1.25 
1.25 
1.27 
1.85 

.984424 

.984810 

.084274 

.984199 

.984123 

.084018 

.088973 

.968808 

.983822 

0.988747 

1.27 
1.25 
1.27 
1  25 
1.27 
1.27 
1.27 
1.27 
1.25 

.968671 

.988606 

.988620 

068445 

968860 

.968898 

.968817 

.088141 

9.988066 

Bine. 

D.r.  1 

Tang.       D.  1'.      Ck>Uuig. 


0.761480 
.761731 


.762314 
.768606 


.768188 
.768479 
.763770 
.764061 
.764368 

9.764648 
.764988 
.760^ 
.766614 
.766805 
.766005 
.766885 
.786675 
.766065 
.767S55 

9.767646 
.707B84 
.768184 
.708414 
.768708 
.708008 
.700881 
.769571 
.789860 
.770148 

0.770487 
.770726 
.771015 
.m808 
.7n608 
.771880 
.778168 
.778457 
.772745 
.778088 

9.778881 

.778608 
.778806 
.774184 
.774471 
.774750 
.77SM6 
.775888 
.775621 
.775008 

9.776196 
.776482 
.776768 
.777065 
.777848 
.777628 
.777915 
.778801 
.778488 

9.778774 


4.87 
4.87 
4.85 
4.87 
4.85 
4.85 
4.85 
4.85 
4.85 
4.85 
4.85 

4.88 
4.85 
4.88 
4.86 
4.88 
488 
4.88 
4.88 
4.88 
4.88 

4.88 
4.88 
4.88 

4.88 
4.88 
4.88 
4.88 
4.88 
4.80 
4.82 

4.88 
4.88 
4.80 
4.88 
4.80 
4.80 
4.88 
4.80 
4.80 
4.80 

4.78 
4.80 
4.80 
4.78 
4.80 
4.78 
4.78 
4.80 
4.78 
4.78 

4.78 
4.77 
4,78 
4.78 
4.77 
478 
4.77 
4.78 
4.77 


Cotang.     D.  1'. 

:jigitized  by  VjOOv  . 


10.888661     00 

.287977 
.287686 
.887804 
.887108 
.886818 


.886648 

16.886857 
.886067 
.884776 
.884480 
.884105 
.888905 
.288615 
.888325 
.888085 
.888745 


lO.S 


.888166 
.881876 
.881686 
.881897 
.881008 
.8aon0  88 
.880420  88 
.880140  i  81 


10.889668 
.280874 


.828180 
.88r888 
.887548 
.887256 
.886067 

10.886070 
886898 

.886104 
.886816 
226689 
.286841 
.884964 
.884667 
.8d4379  11 
.8^1008 
>.22a905 
.228518 
.228282 
.tt9046 
.888668 
.822878 


10.8 


.821799 

.281518 

10.821886 


Tang. 


180'' 


[144^] 


9V 


AJvn7.A.aiXxn  VAAV    oai^jws.     \j\xm^Migs-     x.A.i.^a    .a.j.^  t^    v>vrA4».xii7« 


Sine. 


__ 


9.7S4210 

.7»4614 
.724816 
.725017 
.725219 
.725420 


.726024 
.726225 

9.726426 


.?2.027 
.727228 
.7-27428 
.?27C28 
.727828 
.728027 
.728227 

9.728427 
.•P28626 
.728825 
.729024 


.729422 
.729621 


.730018 
.780217 

9.790415 
.780613 
.730811 
.781009 
.781206 
.781404 
.781602 
.731799 
.731996 
.788193 

9.782890 
.732587 
.782784 
.788980 
.738177 
.788873 
.788669 
.788765 
.783961 
.784157 

9.784353 
.7U549 
.7S4744 
.794939 
.785185 


.785625 

.785719 

.785914 

9.786109 


I  Cosine. 


D.  r, 


8.37 
3.37 
3.87 
8.85 
3.87 
3.35 
8.87 
8.85 
3.85 
8.85 
3.86 

8.88 
8.85 
3.83 
8.35 
3.33 
8  83 
3.83 
3.82 
3.88 
3.33 

3.82 
3.32 
3.32 
8.32 
3  32 
3.32 
3.32 
3.30 
3.32 
3.30 

8.80 
3.80 
3.80 
3.28 
8.80 
3.30 
3.28 
8.28 
828 
8.28 

8.28 
8.28 
8.27 
8.28 
8.27 
8.27 
8.27 
8.27 
8.27 
8.27 

3.27 
8.25 
8.25 
8.27 
8.25 
8.25 
8.28 
8.25 
8.25 


D.  r. 


Cosine.      D.  1'. 


Tang.       D.  r.     Cotang. 


9.028420 


.928104 


.927946 
.927867 
.927787 
.927708 


9.927549 
.927470 
.927390 
.927310 
.927881 
.927151 
.927071 


.920911 


9.996751 
.926671 


.926511 
.926431 
.926351 


.926190 
.926110 


9.926949 


.925707 


.925545 
.925465 
.925884 
.925803 


9.925141 
.925060 
.924079 


.924735 
.924654 
.924573 
.924491 
.924409 

9.924888 
.924246 
.984164 
.924083 
.884001 
.988919 
.988837 
.988755 


9.988601 


Sine. 


1.30 
1.32 
1.83 
1.83 
1.83 
1.82 
1.82 
1.88 
1.82 
1.32 
1.83 

1.88 
1.88 
1.83 
1.83 
1.83 
1.33 
1.33 
1.83 
1.33 
1.83 

1.83 
1.83 
1.83 
1.83 
1.88 
1.85 
1.83 
1.83 
1.85 
1.83 

1.35 
1.83 
1.85 
1.85 
1.35 
1.33 
1.85 
1.35 
1.35 
1.35 

1.85 
1.85 
1  37 
1.85 
1.35 
1.35 
1.87 
1.35 
1.87 
1.85 

1.37 
1.87 
1.85 
1.87 
1.87 
1.87 
1.87 
1.37 
1.87 


D.  r. 


9.795789 
.796070 
.796851 
.796683 
.796918 
.797194 
.797474 
.797755 
.798036 
.798816 
.796696 

9.798877 
.799167 
.799487 
.799717 
.799997 
.800877 
.800667 
.800836 
.801116 
.801896 

9.801675 
.801955 


.802518 
.802792 
.800072 
.808351 
.808630 
.803909 
.804187 

9.804466 
.804745 


.806803 
.805680 
.805859 
.806187 
.806415 
.806693 
.806971 

9.807349 
,807627 
.807805 


.806861 


.808916 
.809193 
.809471 
.809748 

9.810035 
.810802 
.810680 
.810657 
.811134 
.811410 
.811687 
.811964 
.818241 

9.812517 


4.68 
4.68 
4.68 
4.68 
4.68 
4.67 
4.68 
4.68 
4.67 
4.67 
4.68 

4.67 
4.67 
4.67 
4.67 
4.67 
4.67 
4.65 
4.67 
4.67 
4.65 

4.67 
4.65 
4.65 
4.65 
4.67 
4.65 
4.65 
4.65 
4.63 
4.65 

4.65 
4.63 
465 
4.68 
4.65 
463 
4.63 
4.68 
4.03 
4.63 

4.68 
4.68 
4.68 
4.68 
4.68 
4.68 
4.68 
4.68 
4.68 
4.68 

4.68 
4.68 
4.68 
4.68 
4.60 
4.68 
4.68 
4.68 
4.60 


Cotang.  I  I>.  1'. 

Jigitized  by  VjOUy  . 


10.301311 
.308930 
.800M9 
.308868 
.308067 
.808806 
.308566 
.302345 
.3019U 
.301684 
.301404 

10.801128 
.300S4$ 
.300663 

.300883 
.300003 

.199728 
.199448 
.199164 
.198884 
.196601 

10.1 


.196045 
.193766 
.197487 
.197308 
.196038 
.196649 
.196870 
.196091 
.196818 

10.196684 
.196855 
.1949r7 
.194096 
.194«» 
.194141 
.1988^ 
.198685  „ 
.183807  21 
.198039  80 


10.198751 
.193478 
.198195 
.191917 
.191689 
.191868 
.191084 
.190807 
.190539 
.190858 

10.180075 
.180608 
.180480 
.180148 
.186666 
.186800 
.188818 
.188066 
.187769 

10.187488 


Tang. 


[144«] 


57' 


r>_  a^- 


1 

_«r 

3 

.ST 

:i 

.ar 

:i 

^ST' 

1 

.ST 

S 

As 

1 

lar 

1 

,flR 

1 

.37 

1 

,?tf» 

j: 

_a^ 

m 

.33 

:i 

.38 

1 

sr 

1 , 

3B 

i  , 

38 

1  - 

3» 

i  . 

3S 

1 . 

88 

1  . 

38 

1 , 

38 

1  - 

»8 

1 

.38 

1 

-40 

1 

.38 

1 

38 

1 

.40 

m 

38 

1 

.40 

1. 

.38 

1 

.40 

.&X042^ 

*^Vooea^ 


Tan^ 


9.812517 

.813070 
.618347 
,8]3G^ 

.Biag^ 

.61417« 

,€tl44fiS 
.8147S8 

_8in«Ji 

.816107 

_8i6aea 

.816658 

.eioos!! 

.Bl-rSOO 

_8177T»9 
_8ia085 

Q.81S310 
_818S85 
.818860 
_81!»135 
.81SM30 
.810684 
.810060 


3y  Google 


i»«'       lAIUAiiiTllMXi;   HlMKf,    IXJHIMJBS,    TJLMB    AXiU   iXJXAaS.      K'm/a 


Sin©. 


9.747568 
.747i49 
.747936 
.748183 
.748310 
.748497 


.748870 
.749066 
.740348 
.749429 

9.749615 
.749801 
.749987 
.750172 
.750858 
.750543 
.750729 
.750914 
.751099 
.751284 

9.751469 
.751654 
.751889 
.753028 
.752208 
.753392 
.752576 
.752760 
.752944 
.758128 

9.753819 
.753495 
.753679 


.754046 
.754229 
.754413 
.754595 
.754778 
.754960 

9.755143 
.755828 
.755508 
.755090 
.755872 
.7560&4 


.7i 
.756418 
.756600 
.766782 

9.756963 
.757144 
.757«W 
.757507 
.757888 
.757869 
.758050 
.756280 
.758411 

9.7B8591 


'  I  Ckwine. 


D.  r. 


8.12 
3.12 
8.12 
8.12 
8.12 
8.10 
3.13 
8.10 
3.12 
8.10 
8.10 

8.10 
8.10 
8.08 
8.10 
8.06 
3.10 
8.06 
8.08 
8.06 
8.06 

3.08 
8.06 
8.07 
8.08 
8.07 
8.07 
8.07 
8.07 
8.07 
8.07 

8.06 
8.07 
8.07 
8.07 
8.06 
8.0S 
8.05 
8. OS 
8.08 
8.06 

8.06 
8.08 
8.08 
8.08 
8.08 
8.08 
8.08 
8.08 
8.08 
8.02 

8.09 
808 
8.C9 
8.C9 
809 
8.09 
8.00 
8.09 
8.00 


D.r, 


Cosine. 


9.918574 
.918489 
.918404 
.918818 
.918233 
.918147 
.918062 
.917976 
.917891 
.917805 
.917719 

9.917684 
.917548 
.917463 
.917376 
.917290 
.917T804 
.9mi8 
.917032 
.916946 
.916859 

9.916778 
.916687 
.916600 
.916514 
.916127 
.916341 
.916254 
.916167 
.910081 
.915994 

9.915907 
.915820 
.915733 
.915646 
.915559 
.915472 
.915385 
.915297 
.915210 
.915123 

9.915085 
.914948 
.914860 
.914773 
.914685 
.914506 
.914510 
.914422 
.914881 
.914346 

9.914158 
.914070 
.9189® 
.918894 
.918806 
.918718 
.918680 
918641 
.918468 

9.918865 


I  Sine. 


D.1-. 


D.  r.  I 


Tang. 


.830077 
.880849 
.89)621 


.881165 
.831437 
.881709 

9.831961 


.832796 


.833611 


.881154 
.881426 

K  834696 
.881967 


.835509 
.835780 
.836051 


.836598 


.837181 

1.837405 
.837675 
.837946 
.838216 


.838757 
.8390OT 


1.840108 
.840378 
.840648 
.840017 
.841187 
.811457 
.811727 
.841996 
.812266 
.843585 

L842806 
.818074 
.848813 
.848613 


.844151 
.814430 
.814689 
.844958 
1.846837 


D.r. 


4.65 
458 
4.55 
4.58 
4.58 
4.58 
4.58 
4.58 
4.58 
4.58 
4.53 

4.68 
4.53 
4.52 
4.58 
4.53 
4.58 
4.59 
4.53 
4.52 
4.52 

4.59 
4.52 
4.52 
4.62 
4.59 
4.59 
4.52 
4.59 
4.50 
4.5S 

4.50 
4.59 
4.60 
4.68 
4.60 
4.50 
4.50 
4.68 
4.60 
4.50 

4.50 
4.50 
4.48 
4.60 
4.60 
4.60 
4.48 
4.60 
4.48 
4.60 

4.48 
4.48 
4.48 
4.60 
4.48 
4.48 
4.48 
4.48 
4.48 


CoUmg.     D.  1'. 

igitizea  oy  VJ  O  O  V  . 
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^  Digitized  by  CjO Ogle 


_      i~. 


80°      LOGARITHUnC  8INBB,   OOBINBB,   TANS  AND  OOTANS. 


Stne. 


.760803 
.760666 
.760740 
.700018 
.770087 
.770800 
.770483 
.770606 
.770779 
.7709GS 

9.771125 
.771298 
.771470 
.771648 
.771815 
.Tn987 
.778159 
.778881 
.772503 
.772675 

9.772847 
.773018 
.778190 
.773861 
.778588 
.773704 
.778875 
.774<M6 
.774217 
.774888 

9.774558 
.774729 
.774899 
.776070 
.778240 
.775410 
.775680 
.775750 
.775920 
.776090 

9.776259 
.776429 
.776508 
.776708 
.776937 
.777106 
.777275 
.777444 
.777618 
.777781 

9.777BB0 
.778119 


.778456 
.778624 
.778792 
.778960 
.779128 
.779805 
9.779468 

Cosine. 


D.  r. 


2.90 
2.88 
2.00 
2.88 
2.90 
2.88 
2.88 
2.88 
2.88 
2.88 
2.88 

2.88 
2.87 
2.88 
2.87 
2.87 
2.87 
2.87 
2.87 
2.87 
2.87 

2.85 
2.87 
2.85 
2.87 
2.85 
2.85 
2.86 
2.85 
2.85 
2.88 

2.85 
2.83 
2.85 
2.88 
2.88 
2.88 
2.88 
2.83 
2.88 
2.82 

2.88 
2.88 
2.88 
2.88 
2.82 
2.88 
288 
2.82 
2.80 
8.82 

2.89 

2.80 
2.80 
2.82 
2.80 
2.80 
2.80 
2.78 
2.80 


Ck)8ixie. 


9.907958 
.907866 
.907774 


.907500 
.907496 
.007406 
.907814 
.907228 
.907129 
.907087 

9.906945 


.906760 
.906667 
.906575 
.906482 
.906889 
.900296 
.906204 
.906111 

9.906018 
.905925 


.905789 
.906645 
.905568 
.905459 
.905866 
.906273 
.905170 

9.906086 
.904992 
.904808 
.004804 
.904711 
.904617 


.904489 
.904835 
.904841 

9.904147 
.904053 
.908959 
.003864 
.OOBTTO 
.908676 
.008681 
.908487 
.906892 
.906808 

9.906806 
.008108 
.906014 
.902919 


.908634 


.908444 
9.908849 


D.  1-.    li     Sine. 


D.  r. 


1.58 
1.58 
1.58 
1.58 
1.58 
1.68 
1.58 
1.58 
1.56 
1.58 
1.58 

1.66 
1.68 
1.56 
1.68 
1.66 
1.66 
1.66 
1.53 
1.55 
1.66 

1.65 
1.66 
1.66 
1.57 
1.66 
1.56 
1.66 
1.67 
1.66 
1.67 

1.66 
1.67 
1.57 
1.55 
1.57 
1.57 
1.57 
1.57 
1.57 
1.57 

1.67 
1.57 
1.68 
1.67 
1.57 
1.68 
1.57 
1.68 
1.57 
1.68 

1.68 
1.57 
1.68 
1.58 
1.58 
1.68 
1.68 
1.58 
1.68 

D.  r. 


Tang. 

D.r. 

COtKDg, 

/ 

9.861261 

4.48 
4.48 
4.48 
4.48 
4.48 
4.48 
4.43 
4.48 
4.48 
4.48 
4.48 

.861687 

.188473 

50 

.861792 

.188006 

58 

.808068 

.187M8 

57 

.808888 

.1»7W7 

56 

.868589 

.137411 

56 

.868654 

.137146 

M 

.868119 

.186861 

53 

.868886 

.186616 

58 

.863650 

.136860 

51 

.868015 

.180065 

50 

9.864180 

4.48 
4.48 
4.48 
4.48 
4.48 
4.48 
4.48 
4.48 
4.40 
4.48 

10.188680 

49 

.864445 

.186555 

48 

.864710 

.186890 

47 

.864975 

.186085 

46 

.865840 

.184780 

45 

.865605 

.184496 

44 

.866770 

.184880 

43 

.860065 

.188966 

42 

.806800 

.133700 

41 

.806664 

.188486 

40 

9.8666S0 

4.48 

4.40 
4.48 
4.40 
4.48 
4.40 
4.40 
448 
4.40 
4.40 

10.188171 

39 

.867094 

.138906 

88 

.867368 

.189648 

87 

.867883 

.188877 

86 

.867887 

.1«113 

85 

.868162 

.181848 

84 

.868416 

.131684 

83 

.868680 

.181880  ;  88 

.868046 

.181055  1  81 

.869809 

.180791 

80 

9.860473 

4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.88 

10.130687 

29 

.869787 

.180868 

88 

.870001 

.188099 

87 

.87T)B66 

.180785 

86 

.870629 

.189471 

» 

.870793 

.188807 

£4 

.871067 

.128948 

88 

.8n821 

.128679 

28 

.871685 

.128415 

81 

.8n849 

.188151 

90 

9.878118 

4.40 
4.40 
4.88 

4.40 
4.88 
4.40 
4.88 
4.88 
4.40 
4.88 

10.187888 

19 

.187084 

18 

.878640 

.187800 

17 

.878903 

.187097 

16 

.878167 

.186888 

15 

.878480 

.186570 

14 

.873694 

.186806 

18 

.878957 

.126018 

18 

.874280 

.126780 

11 

.874484 

.186616 

10 

9.874747 

4.88 
4.88 
4.40 
4.88 
4.88 
4.88 
4.88 
4.88 
4.87 

10.18B888 

9 

.875010 

.184990 

8 

.8^273 

.184787 

7 

.875637 

.184468 

0 

.876800 

.184800 

5 

.876063 

.188987 

4 

.876886 

.188674 

8 

.876689 

.198411 

9 

.876852 

.188148 

1 

9.877114 

10.188886 

0 

Cotang. 

D.r. 

Tang.    1 

"^ 
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•VC7  Aj\juiAihxxxiini.v>    OM.aaio^ 


«JIOy      AJVCID     A.X1Lr     «J\/JL/&X«0« 


Sine. 


9.789942 
.789504 
.789605 
.789827 
.789988 
.790149 
.790810 
.7904n 


.790793 
.790954 

9.791115 
.791275 
.791486 
.791500 
.791767 
.791917 
.792077 
.792237 


.798567 
9.792716 


.793085 
.793195 
.793354 
.798614 
.793673 
.798832 
.793991 
.794150 

9.794306 
.794467 
.794636 
.794784 
.794942 
.795f01 
.795259 
.795417 
.795575 
.795788 

9.795091 
.796049 
.796206 
.796364 
.796521 
.796679 
.796836 
.796993 
.797150 
.797307 

9.797464 
.797621 
.797777 
.797934 
.798091 
.798247 
.798403 
.798560 
.798716 

9.'n»873 


'    I  Cosine. 


D.  1'.      Oodne. 


2.70 
2.68 
2.70 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 

267 

2.68 
2.67 
2.68 
8.67 
2.67 
2.67 
2.67 
2.67 
2.65 

2.67 
2.65 
2.67 
2.65 
2.67 
2.65 
2.66 
2.65 
2.65 
2.68 

2.66 
2.65 
2.63 
2.68 
2.66 
2.68 
2.68 
2.68 
2.63 
2.68 

2.68 
2.62 
2.63 
2.62 
2  63 
2.62 
2.62 
2.62 
2.62 
2.62 

2.08 
2.60 
2.62 
2.62 
2.60 
2.60 
2.62 
2.60 
2.60 


9.896582 
.896438 


.89618? 
.896088 


.895840 
.895741 
.895641 
.896542 

9.896443 
.896343 
.866044 
.896145 
.896045 
.894945 
.894846 
.804746 
.894646 
.894546 

9.894446 
.894846 
.894846 
.894146 
.894046 
.893946 
.893846 
.893745 
.893645 


9.809441 
.893843 
.893848 
.893142 
.888041 
.892940 


9.898185 


.801929 
.891827 
.891726 
.891624 


9.891421 
.891819 
.891817 
.891115 
.891013 
.800911 
.890809 
.890707 
.890606 

9.890503 


D.r. 


1.65 
1.68 
1.66 
1.65 
1.65 
1.66 
1.66 
1.66 
1.67 
1.66 
1.66 

1.67 
1.65 
1.66 
1.67 
1.67 
1.66 
1.67 
1.67 
1.67 
1.67 

1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.68 
1.67 
1.68 
1.67 

1.68 
1.67 
1.68 
1.68 
1.68 
1.68 
1.67 
1.68 
1.70 
1.68 

1.68 
1.68 
1.68 
1.70 
1.68 
1.70 
1.68 
1.70 
1.68 
1.70 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


Tang.       D.  1*.      Cotang. 


9.802810 
.898070 


.806601 
.808851 
.894111 
.8948?2 


.895162 
.895412 

9.895678 


.896192 


.896712 
.896971 
.897831 
.807491 
.897751 
.896010 

0.898870 


.808799 
.899049 
.899808 
.890568 


.900087 

.900846 
.900606 

0.000864 
.001184 
.001883 
.901642 
.901901 
.902160 
.908420 
.902679 
.902988 
.008107 

0.008460 
.008714 
.006078 
.004288 
.004401 
.004760 
.9(6008 
.905267 
.005626 
.905785 

9.906048 


.906560 
.906819 
.907077 
.907^86 
.907594 
.907853 
.908111 
9.908369 


D.r. 


Sine. 


D.r. 


4.88 
4.85 
4.88 
4.83 
4.88 
4.85 
4.33 
4.88 
4.88 
4.88 
4.88 

4.88 
4.88 
4.88 
4.88 
4.88 
4.88 
4.88 
4.88 
4.88 
4.88 

4.88 
4.38 
4.38 
4.88 
4.83 

4.ae 

4.88 
4.38 
4.88 
4.88 

4.88 
4.88 
4.88 
4.88 
4.38 
4.88 
4.88 
4.88 
4.88 
4.88 

4.80 
4.88 
4.38 
4.88 
4.88 
4.80 
4.88 
4.88 
4.32 
4.80 

4.88 
4.30 
4.82 
4.30 
4.82 
4.90 
4.88 
4.80 
4.80 


ltiH° 
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I    Cotang.     D.r. 
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X  * 

'*'~^ 

I, 


0 

Sine. 

0 

9.806067 

1 

.806218 

8 

.806868 

8 

.806619 

4 

.806669 

6 

.806810 

6 

.806969 

7 

.809119 

8 

.809269 

9 

.809419 

10 

.800669 

11 

9.809718 

12 

.809668 

18 

.810017 

14 

.810167 

16 

.810816 

16 

.810465 

17 

.810614 

18 

.810763 

10 

.810918 

90 

.811061 

81 

0.811210 

88 

.811858 

88 

.811507 

84 

.8116A5 

85 

.811804 

88 

.811962 

87 

.812100 

88 

.812818 

89 

.812896 

80 

.818644 

81 

0.818602 

82 

.812840 

83 

.812988 

84 

.618185 

86 

.618283 

86 

.618430 

87 

.818678 

88 

.818725 

80 

.81887^2 

40 

.814019 

41 

9.814166 

48 

.814818 

48 

.814460 

44 

.814607 

46 

.814753 

46 

.814900 

47 

.815046 

48 

.816198 

40 

.815389 

60 

.816485 

61 

9.815638 

68 

.815778 

68 

.815024 

64 

.816069 

66 

.816215 

66 

.816861 

67 

.816607 

68 

.816662 

D.r, 


8.68 

2.50 
8.52 
8.50 
2.50 
2.60 
2.50 
2.50 
2.50 
2.50 
2.48 


.868723 
.863617 
.883510 
.863404 
.883297 
.86819i 

9.883084 
.888977 
.8826n 
.662764 
.862667 
.862560 
.888448 


.860613 
.860606 
.860897 
.860289 
.860180 
.880072 
.879963 


9.678766 
.878666 
.878647 
.878488 
.878828 
.878219 
.878109 
.877000 


.82 


Ttag. 

D.r. 

Oo(aa«. 

/ 

0.988814 

4.87 
4.28 
4.87 
4.28 
4.87 
4.87 
4.88 
4.27 
4.88 
4.27 
4.87 

10.076186 

60 

.80MO7O 

.075080 

50 

.084887 

.076678 

68 

.981688 

.075417 

07 

.084840 

.075160 

66 

.086006 

.074804 

55 

.085868 

.074648 

54 

.025600 

.074801 

68 

.086666 

.074185 

68 

.026128 

.078878 

51 

.086878 

.078688 

60 

0.026684 

4.87 
4.86 
4.87 
4.27 
4.87 
4.87 
4.27 
4.86 
4.27 
4.87 

10.078866 

40 

.026600 

.oniio 

48 

.98n47 

.078668 

47 

.027403 

.oraB07 

46 

.087860 

.0»841 

45 

.027015 

.078065 

44 

.026171 

.071880 

48 

.028427 

.071673 

42 

.028664 

.071816 

41 

.086040 

.071060 

40 

0.020106 

4.27 
4.87 
4.27 
4.87 
4.85 
4.87 
4.27 
4.87 
4.87 
4.87 

10.070604 

80 

.029468 

.070548 

88 

.029706 

.070808 

87 

.980964 

.070086 

88 

.980880 

.000780 

86 

.080475 

.060GS5  !  84 

.080781 

.060260     88 

.080087 

.060013 

88 

.081848 

.068757 

81 

.981480 

.068601 

80 

0.081786 

4.86 
4.27 
4.27 
4.27 
4.26 
4.87 
4.27 
4.26 
4.27 
4.26 

10.068846 

80 

.082010 

.067000 

88 

.082866 

.O077:M 

87 

.088688 

.067478 

26 

.088778 

.067822 

85 

.088088 

.066067 

84 

.088880 

.066711 

88 

.988646 

.066466 

88 

.936600 

066800 

81 

.984066 

!065e44 

80 

9.984811 

4.87 
4.26 
4.87 
4.86 
4.87 
4.25 
4.27 
4.95 
4.27 
4.85 

10.066680 

10 

.084667 

.065488 

18 

.084828 

.066178 

17 

.086078 

.064028 

16 

.066888 

.064667 

15 

.086660 

.064411 

14 

.088844 

.064166 

18 

.086100 

.068000 

12 

.086866 

.068645 

11 

.086611 

10 

0.086886 

4.86 
4.27 
4.25 
4.85 
4.85 
4.87 
4.86 
4.85 

10.068184 

0 

.087181 

.062870 

8 

.087877 

.062628 

7 

.087688 

.008868 

6 

.087867 

.008118 

6 

.088148 

.061868 

4 

S 

.061608 
.061847 

8 
1 
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bina 


9.88S511 
.825651 
.885791 
.825931 
.828071 


.896491 


.826770 
.826010 

9.827049 
.827189 


.827467 
.827006 
.827746 
.827884 


.828716 


.829181 


.829545 
.829688 

9.829821 


.8S0097 
.890234 
.830372 


.880646 
.880784 
.830961 
.881068 

9.881195 
.881332 


.881606 
.831742 
.881879 
.882015 
.832152 


9-882561 
.832697 


.838105 
.833241 
.883377 
.833612 
.838<V18 
9.838788 


D.r. 


2.83 
2.33 
2.88 
2.33 
2.38 
2.88 
2.33 
2.38 
2.82 
2.33 
2.82 

2.S8 
2.88 
2.32 
2.82 
2.89 
2.82 
2.82 
2.82 
2.82 
2.30 

8.38 
2.80 
2.82 
2.30 
2.80 
2.80 
2.80 
2.30 
2.80 
2.80 

2.80 
2.80 
2.28 
2.30 
2.28 
2.28 
2.80 
2.28 
2.28 
2.28 

8.28 
2.28 
2.28 
2.27 
2.28 
2.27 
2.28 
2.27 
2.28 
2.^ 

2.27 
2.27 
2.27 
2.27 
2.87 
2.27 
2.26 
2.27 
8.26 


Cosiue.  I  D.  1'. 


Cosine. 


9.871078 
.870960 
.870846 
.870782 
.8710618 
.870504 
.870390 
.870876 
.870161 
.870047 


9.869618 
.869704 


.869474 


.869845 
.869130 
.869015 
.868000 
.868786 

9.868670 

.868555 
.868440 


.868098 
.867978 
.867862 
.807747 
.867631 

9.867515 


.86n67 
.867051 


.866686 
.866470 

9.866358 


.866180 
.866004 
.866887 
.866770 
.865653 
.865536 
.865419 


D.r. 


9.866185 


.864950  , 
.864833 
.864716 
.864506  ' 
.864481  I 
.864368  I 
.864846  I 
9.864127  I 


1.88 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.92 
1.90 
1.90 
1.98 

1.90 
1.98 
1.92 
1.90 
1.92 
1.92 
1.92 
1.92 
1.92 
1.98 

1.98 
1.98 
1.93 
1.92 
1.93 
1.92 
1.93 
1.98 
1.98 
1.93 

1.98 
1.93 
1.98 
1.93 
1.93 
1.98 
1.93 
1.95 
1.93 
1.95 

1.93 
1.96 
1.98 
1  96 
1.96 
1.95 
1.95 
1.96 
1.96 
1.96 

1.95 
1.97 
1.96 
1.96 
1.97 
1.96 
1.97 
1.97 
1.97 


Sine.  I  D.r, 


Tang. 


9.954437 
.964691 
.054946 
.966800 
.055454 
.966706 
.965961 
.056216 
.966469 
.956723 
.956077 

0.0eP7281 
067486 
.067780 
.067908 
.066847 
.068600 
.068754 
.060008 


.060516 
0.050760 


.060277 
.060630 
.060784 
.061088 
.061808 
.961646 
.961799 
.968058 

9.968806 


.968818 
.963067 


.963574 


.961061 
.9&18S5 
.964568 

9.964843 
.966006 
.066840 
.066608 
.066866 
.066100 


.066616 


.067188 

0.067878 
.067680 
.007868 
.068186 


.068648 


.009149 

.969403 

9.960666 


xsst^ 


Cotang.     D.  V. 

.jiyi[izfc;uLjy  VjQ05i 


D.r. 


4.88 
4.86 
4.88 
4.88 
4.83 
4.88 
4.88 
4.88 
4.83 
4.28 
4.28 

4.83 

4.28 
4.88 
4.88 
4.28 
4.28 
4.23 
4.88 
4.28 
4.28 

4.83 
4.23 
4.28 
4.28 
4.28 
4.28 
4.28 
4.23 
4.88 
4.28 

4.28 
4.82 
4.23 
428 
4.88 
4.88 
4.28 
4.88 
4.28 
4.83 

4.88 

4.83 
4.82 
4.88 
4.28 
4.88 
4.88 
4.28 
4.88 
4.88 

4.88 
4.83 
4.2i 
4.88 
4.88 
4.88 
4.88 
4.88 
4.88 


C!otaog. 


10.045668 
.046800 
.045064 
.044800 
.044546 
.044898 
.044089 
.043786 
.043681 
.048877 
.048028 

10.048700 
.048616 
.042861 
.048007 
.041753 
.041600 
.041846 
.040008 
.040788 
.040484 

10.040881 
.060077 
.089788 
.080470 
.069816 
.088068 
.088706 
.088466 
.08ft»l 
.087048 

10.067094 
.087440 
.087187 
.080083 
.086080 
.086486 
.0860 
.086010 
.065666 
.065418 

10.065186 
.084005 
.084051 
.064806 
.064146 
.088601 
.088688 
.068884 
.088181 
.088877 

10.088681 
.088871 
.088117 
.061864 
.061611 
.081857 
.081104 
.080661 
.080607 

10.080644 


Tang. 
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44**      LOGARITHMIC  SINBS,   COBINBB,    TANS  AND  C0TAN8.     ISW 


0 

1 
2 
8 
4 
6 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
10 
20 

21 
22 
28 
24 
26 
28 
27 
28 
28 
80 

81 
82 
38 
84 
85 
86 
87 
88 
80 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
50 

51 
62 
58 
64 
65 
66 
67 
68 
60 
60 


Sine. 


1841771 
.841902 
.842038 
.842163 
.842294 
.842424 
.842565 


.842815 
.842946 
.848076 

9.843206 


.848466 
.848593 
.849725 
.843855 
.813984 
.814114 
.844243 
.844372 

9.844502 
.814631 
.844760 
.844889 
.815018 
.845147 
.845276 
.845405 
.845533 
.845662 

9.845790 
.845019 
.846047 
.846175 
.846804 


.846660 
.846688 
.846816 
.846044 

9.847071 
.847199 
.847827 
.847454 
.8475ftS 
.847709 
.847836 
.847964 
.848001 
.848218 

9.848845 
.848472 
.848600 
.848726 
.848862 
.848079 
.849100 
.848832 
.840860 

9.848485 

Ckwine. 


D.r. 


2.18 
2.18 
2.17 
2.18 
2.17 
2.18 
2.17 
2.17 
2.18 
2.17 
2.17 

2.17 
2.17 
2.15 
2.17 
2.17 
2.15 
2.17 
2.15 
2.15 
2.17 

2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.15 
2.18 
2.15 
2.18 

2.15 
2.18 
2.18 
2.15 
2.18 
2.18 
2.13 
2.18 
2.13 
2.12 

2.18 
2.18 
2.12 
2.18 
2.12 
2.12 
2.18 
2.12 
2.12 
2.12 

2.12 
2.12 

2.12 
2.10 
2.12 
2.12 
2.10 
2.12 
2.10 

D.  r. 


Oocine. 


9.866084 
.860812 
.866600 
.866666 
.866446 


.850201 
.856078 
.866066 


.865711 
9.866688 


.855342 
.855219 
.865006 
.854978 
.854850 
.854727 
.854608 
.854480 

9.854356 
.854233 
.854103 


.853614 
.853490 
.863366 


9.858118 


.862745 


.862496 
.862371 


.852122 
.861997 

9.851878 
.851747 
.851022 
.851497 
.851372 
.851246 
.651121 
.860096 
.860670 
.860745 

9.850619 
.850493 
.860866 
.860242 
.860116 
.849980 
.840864 
.840786 
.848611 

0840486 

"sine. 


D.r. 


Tang. 

D.r. 

Ootang. 

/ 

9.064637 

4.22 
4.28 
4.22 
4.20 
4.22 
4.22 
4.22 
4.22 
4.20 
4.22 
4.28 

10.015168 

00 

.066000 

.014810 

50 

.066843 

.014657 

66 

.065506 

.014404 

57 

.066848 

.014160 

66 

.086101 

.013608 

65 

066854 

.013646 

54 

.066607 

.018898 

53 

.086660 

.013140 

52 

.067112 

.012866 

51 

.067866 

.012685 

60 

0.987618 

4.22 
4.20 
4.22 
4.22 
4.22 
4.20 
4.22 
4.28 
4.22 
4.20 

10.012882 

48 

.067871 

.012120 

48 

.068123 

.011877 

47 

.068376 

.011624 

46 

.068629 

.oiisn 

45 

.068883 

.011118 

44 

.060134 

.010666 

43 

.080887 

.010618 

42 

.069640 

.010860 

41 

.068893 

.010107 

40 

0.900146 

4.20 
4.22 
4.20 
4.22 
4.22 
4.22 
4.20 
4.22 
4.22 
4.20 

10.000865 

88 

.990606 

.008602 

88 

.000651 

.008848 

87 

.990908 

.008087 

86 

.901156 

.008844 

35 

.991409 

.006681 

84 

.991662 

.006886 

S3 

.991914 

.008066 

88 

.992167 

.007883 

81 

.900420 

.007660 

80 

9.990672 

4.22 
4.22 
4.22 
4.20 
4.22 
4.22 
4.20 
4.22 
4.20 
4.20 

10.007828 

29 

.992925 

.007075 

96 

.998178 

.000828 

27 

.998431 

.006668 

96 

.900863 

.006817 

25 

.988086 

.000064 

94 

.994188 

.006611 

88 

.894441 

006660 

82 

.994684 

.006806 

81 

.884847 

.006068 

90 

8.886188 

4.22 
4.22 
4.20 
4.22 
4.22 
4.20 
4.22 
4.22 
4.20 
4.22 

10.004801 

18 

.886462 

.004648 

18 

.886706 

.004886 

17 

.906867 

.004018 

16 

.000210 

.000790 

15 

.006468 

.008687 

14 

.996715 

.008885 

18 

QQAQMk 

.oooon 

12 

.997221 

.OOSTTO 

11 

.997478 

.002507 

10 

9.897796 

4.20 

4.20 
4.22 
4.22 
4.20 
4.22 
4.22 
4.20 
4.2i 

10.002874 

8 

89?979 

.000081 

8 

.906881 

.001708 

7 

.006484 

.001516 

6 

.096787 

.001068 

5 

QQAOBQ 
.WWJVUtf 

.001011 

4 

.000042 

.000768 

8 

.088485 

000606 

8 

.888747 

.000068 

1 

10.000000 

10.000000 

0 

8.08 
2.08 
2.08 
2.08 
2.05 
2.08 
2.0R 
2.06 
2.06 
2.08 
2.06 

2.06 
2.06 
2.06 
2.06 
2.06 
2.05 
2.06 
2.07 
2.06 
2.07 

2.06 
2.07 
2.06 
2.07 
2.07 
2.07 
2.07 
2.07 
2.07 
8.07 

8.07 
2.06 
2.07 
2.06 
2.07 
2.06 
2.07 
2.06 
2.06 
2.06 

2.06 
2.06 
2.06 
2.06 
2.10 
2.06 
2.06 
2.10 
2.06 
2.10 

2.10 
2.06 
2.10 
2.10 
2.10 
2  10 
2.10 
2.12 
2.10 


D.  r.  ,i  Cotane:.  I  D.  1'. 
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POLYGONS. 


POI.TOONS. 

O    h 


Adj  ■tralfhi-ildad  flf  li  oalled  a  polrgoo.    If  all  iac  iMm  and  anglM  arc  mmI,  It  to  a 
poligoQ :  if  not.  It  ii  IrrecalAi*.    Of  coane  th«  nambcr  of  poljrgon*  !•  inflalta. 


Table  of  Beynlar  Polygons. 


Hnmbn- 
of 

SldM. 

NaM« 

of 
Poljgon. 

(■qaare  of  one 
lido)  malt  bj 

RudlMofeir- 
oumseribing 
oirel«  =  tid« 

BOltbj 

•  AeoonulDtd 

botiretn  two 

aldoo. 

byasid*. 

»] 

Equilateral 
triangle. 

}     .438013 

.577850 

600 

120» 

4 

Square. 

1.000000 

.707107 

9fP 

90» 

5 

Pentagon. 

1.720477 

.850651 

1089 

72© 

6 

Hexagon. 

2.598076 

1.000000 

120O 

600 

7 

Heptagon. 

8.633912 

1.152382 

128°  84.2857' 

51°  25.710 

8 

Octagon. 

4.828427 

1.306563 

13SP 

450 

9 

Nonagon. 

6.181R24 

1.461902 

140° 

40O 

10 

Decagon. 

7.694209 

1.618034 

1440 

Sfio 

11 

Hndecagon. 

9365640 

1.774733 

1470  16.3636' 

820  4a6364' 

12 

Dodecagon. 

11.196152 

1.931854 

150° 

30° 

Area  ef  mmj  renilAr  Mlyaoa  =  length  of  one  tldo,  six  perp  j»  drawn  from  oon  of  Ac  ta 
WD  of  vide  X  b«ir  the  number  ornidoe. 

8«a  •r  liifeerl«r  aaslea, mh9,9tc,mt  mij p«l7fl«a«  res«l«r  mt  lrrec«k»r  =  ISQO  x 

(number  of  Midu  —  2). 

Ancle  Aieea  svMeaded  bf  •  il4e,  hi  mij  res«l«r  pvljsMi  =  sa(K>  +  Baaowf  tMaa 
TRIANOI^ES. 


!•■•  triangloe  onlr ;  or  tbooo  having  alndcht  iMoa. 
.■llAteral  when  all  lu  oklca  are  oqnal,  a«  a  ;  iMeeeles  «bon 


Wo  epoak  here  of 

A  truBsle  la  •«■. . 

areequKl.  ■«  K;  aeitlene  when  all  the  ildee  are  naoqual,  as  C.  D.  and  K 


:  ff1skl-«a^e4  vbon 


only  two  Bidoi 
ia^e4whra 
It  eoDUtoH  a 


all  lu  aoglct  are  acute,  or  each  !«■■  than  fKP,  as  A,  B.  and  C :  :    _  _ 

right  aiifle,  a*  D :  •ktBse*aB^e4  when  it  oontalne  an  obtuM  augle.  ur  one  greater  than  90^. « 

All  tke  thr«e  •■«!«•  •TMiy  trlMisie  are  e««al  to  iw«  ri«kt 
aaxlea.  or  IdH^'-.  thererore.  ir  we  know  two  ol  them,  we  emu  flod  the  third  by 
•ubiTMilDg their  lum  from  iso^.  All  triMislea  wkleh  kawe  e««al  taaea, 
and  equal  perp  heighta,  have  alM  equsl  trcas ;  ihut  the  area*  of  a  ic  e,  a  w  d.  and 


1  proportion  to,  their  pei .        _       . 
with  a  perp  height  c  n,  equal  to  but  one'half  that  («  •)  of  the  three  other  trian    ^ 
glee,  but  with  the  ■■me  baM  a  w,  has  alao  bat  half  the  area  of  either  of  thoee  <* 
othera. 

Are««f  M17  trlMisie,  Flga  a,  B.  0,  D.  I,  s  half  the  baae.  8.  X  the  height  or  perp  diet  p«i 
the  eppoaiie  angle.  Anv  aide  may  be  taken  as  the  baae  of  a  triangle ;  but  the  perphoight  maet  alwan 
be  meaaured  from  th»'eide  ao  aeaumed;  to  do  whioh.  the  side  mut  •ometimcn  he  prelaaind,  ne  It 
Pig  R ;  but  the  prolonfation  la  not  to  beeonaidered  as  a  part  of  the  baae. 

AreaafMiy  e««lliitona  trlMSto  =  .48nu  x  aqnare  of  ooe  aMei. 

To  And  area,  liarinv  the  three  sides. 

AM  them  ogether ;  dlT  the  aam  by  1 ;  tnm  the  jalf  enm.  nibtraet  each  aide  eeparateljs  mmJm  the 
kalf  aam  and  the  three  remainder*  oontinuoaaly  together;  uke  the  eq  rt  of  the  prod. 

Bx.-The  three  aldeesM.  ao,  40  ft.  Here  IO-I-SO  +  MibM;  and  ^a-fl.  And  IS^SOmSS 
«S— 80i«16|  aBd45-«0«ft.  ▲nd46XtSxl6x6»84875*andthe«qrter  8ttT»tom.«7•q^ 
**'^*-  Digitized  by  LjOOgle 
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lad  area,  haTtac  oae  side  Mid  tbe  9  ABirles  at  lla 


the  t  M0M  taccther :  Uke  Um  ram 
teukBlMorthUu«l«;  ateoflnd  - 
\m  thm  nmX  tia*  of  th«  slogte  uiglc,  { 
of  tha  giTOB  ride  te  doiiil*  the  re<|d  area. 


■afroBiaVi  (teraawnibeiktaagleepptlM  gtvM  rii^ 
d  the  MtialoM  or  the  other  aDglCB.  end  molt  then  tocher. 
I.  U  to  the  ptod  or  the  wu  etaMe  or  the  other  I  uglei,  so  U  tht 


flad  area,  lia¥lns  two  sides,  and  tlie  Incladed  anfle* 

loiMher  the  two  eldea.  aad  the  sat  siMor  the  leoladed  eagle }  dlv  ^  S. 
-COdea iM  ft asd  »80  ft;  iaeleded  eagle  mPVf,    By  the  tahle  we  Had  the  aat  tf 
dMXMOXJUd _ 


iX  JMd^ 

To  And  area,  liaTlitfr  the  three  ansl^*  *■'  ^^* 
perp  height,  a  5. 

Vtad  ae  BBS  elnes  of  Ihethroe  eoglea :  melt  together  the  elnee  of  the  eoglM 
rf  aad  e;  dir  the  dae  eT  the  eagle  h  bj  the  prod ;  aeH  the  qaoi  ^  the  eqoen 
or  the  perp  height  a  »;  dtr  by  t. 

I     To  dnd  aay  side,  as  d  o,  haviniT  the  three 
angles,  d,  h  and  o^  and  the  area. 

fofdX  line  or  e)  I  Btne  of  fc  1 1  twl«e  thr  »Trm  t  mytrnt  fi  of  d  e. 

I  pei9hclskt«f«aeqidIatentlirUasi«u  equal  u>  one  ride  XJWOS-    nmeeooeor 

n  l«  equal  to  the  perp  height  div  by  .MCOtS  or  to  perp  height  X  IIMT.    Or,  to  la4  •  dAl^ 

be  eq  rt  or  Its  area  by  1^1987.    The  ride  or  an  cqellateral  triangle,  melt  by  .658(n7  =  lide  oft 

imtAm  aaae  areas  or  Malt  by  .TiS517  it  givea  the  diaai  of  aelfole  of  the  lanie  area. 

nrilewtng  appty  to  aay  plane  triangle,  whether  obltqoe  or  right>eaglad :  a 

he  three  aaglee  aiaoMt  to  18IF>,  or  two  rtght  aaglee.  - 

ny  encrfor  angle,  aa  A  C  n,  is  equal  to  the  two  interior  and  eppoeite 

,  ftsd  B. 

be  greater  aide  is  eppoeite  the  greeter  angle.  tL 

^e  sidaa  are  as  the  rines  of  tbcoppoaitc  aaglee.    Thaa,  the  side  e  is  to  CO 

e  *  84  the  rise  or  A  is  to  the  sine  of  B. 


r  aay  angle  as  «  be  bieeeted  by  a  line  «  e.  the  two  perta  «  e.  e  it  of 
jostle  side  ma  will  be  to  eeeh  other  as  the  ether  two  sides  sflh  «n; 


:emus  ■•:sii. 


^, 


TOO  n 

.       ___     .    ley  will  meet  at  a  polni 

perpendiealariy  eqeldistaat  rroa  eaeh  side,  aad  eoaaeqaeoUj  the  oeate* 
I  mi  tho  ai  f  tebt  oiroie  that  ean  be  drawn  la  the  triangle. 
*     9.  ir  a  line  «  a  be  drawn  paraUd  to  aay  side  e  •« 


C  ir  Bnea  be  dra'vn  fVeni  eaeh  angle  r«  c  to  the 
eeater  oT  the  opporite  side,  tbey  will  eroes  eaeh 
ether  at  one  point,  a,  aad  the  short  part  or  eeeh 
or  the  lines  wUl  be  the  third  part  or  the  whole  line.  '     "^  ^ 

Also,  e  Is  the  901  tff  STBT  or  the  trleagle. 

T.  ir  lines  be  drawn  biseeting  the  three  aaglee.  tbey  will  meet  at  a  point 


s  r  s  «,  r  e  e,  will  be  slmnar. 


O 


le.  To  find  the  grealaet  parallelema  that  ean  be 
drawn  la  aay  givea  trlaagle  eat.  Bieeet  the  three  sidaa  at  e e e, aad  join 
a  c,  •  e,  c  e.  Then  either  este,  aeee^orarsn.  eaeh  equal  to  bair  the 
triangle,  wiU  he  the  raqd  paralMograai.  Aay  of  tbcee  paraUelocraiBs  ean 
plainly  be  oooverted  lato  a  reetangle  ef  eqaal  area,  aad  the  grsateet  that  oaa  be 
drawa  in  the  triangle. 

tPH.  It  a  Hoc  e  e  bliccta  any  two  ridee  e  &,  e  a,  of  a  triangle,  it  wiu  be  per 


«  b 

the  third  side  a  *.  eod  hair  ae  long  aa  it. 

gm  11.  Toftedtbegraaceetsqaare  thasoaabedrawQ  iaaay  triaagleaar.   rroao 

-  aa  aagle  as  a  draw  a  perp  a  a  u>  the  opposite  side  *r,  aad  0nd  iu  loagth.  Thea 


e  a,  or  a  aide  *  I  of  the  sqoara        = ; 

gfiM     Tf  the  triangle  is  sash  that  two  or  three  taeh  perpa  eaa  be  drawa,  ihaa 
two  or  three  eqaal  sqinares  aiaf  be  foaad. 


Digitized  By  CjOOQ  IC 
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PROBLEMS  IN  BURVEYING. 


AtooSlMorO  = 


ltlarlil«anfrled  Trlannrlrs. 

4U  the  torafolnc  'PPlJ  >im  ^  rlgh(-ugl«d  triaaglMt  but  what  fnllov  applj  t«  thsm  ostT. 

Call  tbo  right  ttngle  A,  aod  the  other*  B  Mid  C;  and  emU  the  tU 

oppiMit*  to  them  •,  ft,  and  e.    ThMU 

XSiaeR  =  aX  Cm  C=  e  X  Cot  0  =  0  X  TaQgB. 
XSlotOsaXCoflBsfrXTaoffa 

eft  • 

3;CosC  =  g;  TufOs|-. 

AndSlDOof  B  =  ^f  CosB  =  ^;  TangBs^. 

And  SlD«  of  A  or  000=1.    CosA=0.    Tang  A  s  InVnlty.    Sn  A  =  talalCf . 
].  ir  from  tiM  right  angle  e  a  line  e  w  be  drawn  perp  to  (be  hjpotbeooM  or  long  tldo  A  o,  then  tbi 
two  amall  triaDgles  9wk,owg,»aA  the  largo  one  •  A  •,  will  oe  daUar. 
Or0w:i*o::wo:w*;aud9wXwA=:wol 

S.  A  line  drawn  from  the  right  angle  to  the  Matar  of  the  long  aid*  wlk 
be  hair  as  long  as  ■••d  aide. 

8.  If  on  the  three  ildea  oh,  og,  gh  w  draw  three  cqaarea  <,«,*.  or 
three  otrdee,  or  triangle*,  or  any  oriier  three  Og*  that  are  aimilar.  tlion  Um 
area  of  the  largest  one  I*  eqaal  to  the  aum  of  the  areaa  of  tbo  two  othera. 

4*  fn  a  triangle  whoae  side*  are  a*  8,  4,  and  ft  raa  are  tboae  of  tbo  tri- 
angle A  B  C),  the  angle*  are  rery  approximately  M";  SaPTi&MT*:  and 
36^ Sr  11.82'/.  Tbeir  Sines,  1. ;  .8  j  and  .6.  Their  Tangs,  Inflnltr ;  1.SS33 ; 
and  .76.  m  ,  J,  , 

A.  One  wbooe  sides  are  as  7,  7.  and  9  9,  bas  rrrj  approi;  en*  angle  of  90^ 
and  two  of  4ftu  each,  near  eaoagb  tor  all  practical  purposes. 


FIff.  W 


PROBLEMS  IN  SURVEYINO. 

Plavs  trigonometry  teaebee  bow  to  flod  oerUin  nnkaown  part*  of  plane,  or  *tralgbt*aldod  trl* 
angle*,  bj  niettaa  of  other  part*  which  are  known ;  and  thn*  enable*  n*  to  measure  lnseoe«*ible  dia- 
tanoee.  Ao.  A  triangle  eomUta  of  *ix  paru,  naraelT,  three  sides,  and  three  aufrles;  and  if  we  kcow 
any  three  or  these,  (exoept  the  three  angles,  and  in  the  amblgoon*  oa*e  under  "  Case  t.")  we  can  find 
the  other  three.  The  following  row  oaacs  inclnde  the  whole  sat()eot;  tb«  atadeot  shoo  1  oomwli  tbeas 
to  memory. 

Case  1.  ITaTlnjr  any  two  anfrles,  and  one  aldei 
to  And  the  otber  sides  and  anirle. 

Add  the  two  angle*  together :  and  anbtract  their  sum  ftvm  180°;  the  rem 
will  be  the  third  ang**.    And  ror  the  sides,  ai 

Sine  of  the  angle      ,    Sine  of  the  angle    ,   ,    -i,-- -m.  .  »-od  alda. 
opp  the  given  aide    •    opp  tbo  r«|d  side    •   •    «*""  •'**•  *  '^'^  •"*•• 
U*e  the  (ido  thus  found,  a*  the  given  one  i  and  la  tba  same  manner  And 
the  third  sida. 

Case  2«  H a vinfc  two  sides,  ha,ae,  Flfr  X.  and  the  annrle  <f  fr  e, 
opposil  te  to  one  of  tbem,  to  Ond  the  otber  side  aod  angles 


side  a  e  opp 
the  given  aa* 
flea  6  e 


The  otber 
civenslda  ; 


Sine  of  the 
I  given  angle  ; 
•  *e 


Sine  of  angle  ft  tf  <«  or 
ft  e  a  opposite  the  other 
given  elde  ft  a. 


f:«.x 


Having  fbond  the  alne,  take  ont  tbo  oerreeponding  angle  tnm  the  ubie  ei 
■at  alne*,  but.  In  doing  so.  If  the  side  a  t  opp  the  given  angle  is 

■borter  than  the  other  given  side  ft  a,  bear  In  mind  that  an  angle  and  its  aap 
plement  have  the  aam*  alne.  Thoa,  In  Pig  X,  the  Mine,  as  found  above,  i* 

opp  the  angle  ft  e  a  in  the  ubIe.  Bat «  e.  if  •horter  tkuH  ft  a.  ean  evidently  be 
laid  off  In  the  opp  direction,  a  d.  In  which  case  ft  4  a  Is  tbe  aoppleaMat  of  ft  e  a. 
If  a  c  ia  aa  long  as,  or  longer  than,  ft  a.  there  oan  be  no  doabt ;  for  la  that  case 
It  oannot  be  drawn  toward  ft,  but  only  toward  t^  and  llM  aag^  ft  a  •  will  br 


izTci'bTttW^le 


jigitizecl 


PROBLEMS  nr  SDRYETIKO. 
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Wbn  tk*  twB  aaglM. «  »«.  ft«fl.tev«  bcM  iMn«.  Sad  tk*  iMnlntaf  site  bj  Cut  I. 

rtH-  Um  rwMJalM  aacta,  ftac, add  iint>T  tli«  maflac* «  Sni  glvra,  aad  iJm  000.  ft  •  «.  taM 

Ca»«  S.  H»Tlac  two  sides,  atnd  tke  Miffle  Inelnded 
betweea  theai. 

TktetkamncletroBino:  Ih*  rem  vin  to  the  aaa  «r  tlM  two  aBkaova  aaglaa.    DfrUibaavlf 
tsa»iAadtk«nat<aB(or  tteqaat.    Thaa  aa 
TkcMBor  (ba 


xaairom    .    ,    u,,  »|,,  Bntnowa  anf  laa    •    thdrdiC 


Taba  Anaa  th«  UUe  of  aat 
arihft  tw 


taas.  tha  aogla  apiwrfta  ihla  laat  taaff.  Add  thU  aaale  10  Um  hdf  aaai 
la  t«a  ■BkavwB  anglca.  aod  it  vtn  gl*e  ibe  aagla  opp  tha  loogait  jtlvaa  aida :  aad  ubtraat  U 
t  tha  aaaa  half  moi,  for  tha  aaela  app  tha  •hettaai  glvaa  alda.  Harfag  thas  favad  the  aairiaa, 
cha  thM  sMa  bj  CaM  1.  ^^ 

AaanraMlaalaxamplaar  thai»aorCaaaa.««aaa  aaaertala  tha  dht «  »  aanm  a  dcap  paad,  by 
Mearamg  two  Bnaa  «  o  and  m  n;  and  tha  aagla  m  •  ak  FnMB  tbaaa  data  «a  aiaj  oalevlata  «  ai ;  or 
bjr  dravlag  ih«  t«a  wdea,  and  iba  aaf  la  aa  papar,  bf  a  aaakw  w  aaa  aAermaid  maaaora  »  ai  aa 
Ihadimvias. 


Cms  4.  Ha  vine  the  ttiFee  sldem 

V»tB<iihattTCaaB^lai;  npaBOB«aMaaftaiabaaa,draw(araappaaalaba4ravii)aparpo«ft<m 
IbaappoiAlaaiislac  Plad  thadlffbctveea  theoUMrtvoaIdaa,aeaad  ei:alaathalra«m.  Thaa.aa 
._  h.M  •  Sam  or  the  .  .  DiflTorothar  .  DilT  of  tha  two 

^"*  ""^  •  otbar  two  ddaa   •  •  two  oklaa       •  paita  ay  and  ftf.  of  tha  baaa. 
Add  teir  «bb  «f  «r  tha  porta,  to  fta|/ Jba^  baaa  •  ft ;  Jbe  Jioa  win  ba  tha  toafMt  pan  a  f  j^  whioh 


i 


#r,  —  M«ie  t  <•!»  half  the  amn  of  tbo  thiae  ildaa.  m%  and  aaU  tha 
two  ddaa  whiah  tatm  althar  aagia.  m  and  tu    Than  tha  not  alaa  af 

kflifthataaclawfUbeavulAo  \^t«-»)X  (*-»)^ 

Ex.  1.   To  And  the  dist  fVoai  a  to  am  Inae- 
eeselble  o1||eet  e. 


Maaamwaltaaaftf  and  from  lu  aadaa 


f  and  from  tu  aadt ^ 

eft  a.  Thas  baring  band  oaa  aida  and  two  aaglea  of  the  uiaagla  a  ft  Ob 


lora  the  anglea  e  a  ft  and 


Flff.2. 


«eby  Beaasof  Oaaal.  Or  if  ascraBe  aeaniaar  ia  not  rnd* 
draw  tbeUaeaftoBpaportoanjaoaraniaatMalc;  thanb7  niaaoaOTa 
protraetor  laj  off  tha  aaglai  e  a  ft,  c  ft  «;  and  draw  a  c  and  a  ft;  thaa 
■aasare  a  c  by  tha  mubw  aaala. 

Bx.a.  To  dnd  the  height  off  A  «0r«iMd 
ol^eett  n  a. 

Plaaa  tha  taatminant  fbr  maaaorinv  aaglai,  at  anr  aoor* 
■tont^oto:  alaoaieaathedl«toa;orlroaoaDootbeaetval1r 
■aaad  In  eaaaaqaanea  of  aoma  obataela.  oolevlaro  ft  br  the 
UHM  proeaM  aa  a  e  la  Fig  1.  Then,  flrat  direeting  the  inatra 
nant  horlaentally.*  aa  o  •.  maaaare  the  aagla  of  depraMlon. 
•  0  a.  say  ISO;  aiae  the  aaglaa  ea,  lay  90^.  Tbera  two anglaa 
added  together,  gira  the  anglo  «e  a,  «lo.  Now.  la  the  oaaU 
triangla  o  •  •  wa  hara  the  anglo  aaa  oqaal  ta  W»,  beoaaoea n 
It  rart,  and  a  «  her ;  and  Rinoe  the  throe  aaglei  of  anr  triangla 
are  eqoal  ta  l9tP,  It  wa  oabtraet  the  angleo  o$m  {90P),  and  «oa 
(ir>)  ftoni  1800.  the  ram  (TSO)  win  be  the  angle  0  «  «  or  o  a  a. 
Thcrafera.  In  tha  triangle  oaa,  we  hare  one  olde  e  a;  and  twa 

-  ^-a  a  •  a,  and  a  a  a,  ta  aalenlato  tha  lide  0  a  by  Oaaa  L 


» Aa^leo  and  dtats  on  eloplnur  irronnd  mnst  be  memiiireU  hor- 

Isoiitally.    Tbegraduatedhor 

drela  of  tha  Inotnnnent  orfdenfly  rnaaa- 

1>'V — ■".-."•-•-s—vO  \  •»«■  *^  MJl*  between  two  ol^eeta  boil 

■•*"  *       ^  tontally,  no  matter  bow  maeh  hlgbei 


of  them  may  be  thaa  the  other ;  one  pei> 
hope  reqnlrlng  the  toleaeope  of  the  iaatrn- 
ment  ta  be  direeted  npwmrd  toward  hi 
aad  the  --     -  - 

the  aldai 
graoad,  1 


_      npwmrd  1 
aad  the  ather  downward.    If.  t 
the  aldaa  of  triangloo  lying  npon  oloplnt 
alM  meaodbor.  theroooai 
fewa*  Itaa- 


li)Z 


FBOBLEMB  IN  BUBYEYINO. 


Bbi«  ir  m  !■  riff  t,  H  ihoold  b*  iMonMiT  to  ueertain  tb«  vtrt  hdcht  •«  flva  a  polat  •,  raUrdj 
■twT«  tt,  tiMti  W>ib  tbd  fta«lfw  IIMM4  at  o,  naaelv,  «  o  n,  and  «  o  a,  irlU  b«  anglM  of  dcpraaalon.  oc 
b*tJm  Ibt  bar  Uttt  o  •  uiumed  to  meuure  them  from.    la  ttalt  oaM  w*  har»  tb«  tldo  o  a  aa  b«ta«: 


ibs^DKlen »<*-'««—*•«(  Uftdtha  aofto o a «  =  I8OO  —  (•  « •  (MO|, aad  «•• 

Am  bj  Cam  1. 


^ 

► 


Fig.  a 


Fiff.4. 


€N-ir,  an  In  F1 1 4,  tbfl  abHrratloni  are  to  ba  takao  from  a  pofnt  0,  antiraly 
tMtli  ibff  aDiicn  «  >!>  d,  Mom,  will  ba  anglaa  of  alevatloB,  or  cftova  th«  aaar^ 
have  lu  the  irLiag]*  o  n  ii,  Uia  giveD  fide  o  •  aa 
"  '         iba  uQf  Le  4  0  n  ^  ■  a  n  —  «  0  •;     -  -  -"^  - 


ealciilate  a  «  b; 
if  ih«  obitvl 


iin  bj  Cu«  1. 


,  u  ^n  Fit  I,  iBttMd  of  balBg 

mud  ibtmtA  of  lU  vart  baigbt. 


va  viHb  iu  flufl  3u  irufLlii  a  l^  wa  moat  firat  aa- 
tvnmla  iu  BUf  le  g  1 1  ot  l&clinatlon  to  tha  hori- 
WW  ;  to  artilcb.  jiqsLq  ■■■aIi  «r  the  aoglea  o««  win 
b«  cctual .  To  Q  ad  tki Ij  aikt^r  y  ( i.  tupead  a  plamb- 
lin«  il  y,  of  uj  ctfDvenkiiiit IltowD  leofth.  from  tb« 
ol^cet  (ift;  mad  uieMtici!  alM  y  I  noiiiontall/. 
Than  »mj  •• 

V  (  :  4f  ;  ;  1  {  Dattanfof  tagtef  f  i. 
From  Tbe  labia  of  uai  Langa  taka  oat  tbe  aa^ 
V  f  f  rouud  oppoilie  ttali  aai  tang;  aad  oaa  it  for 
th*  edkU*  a  i  n  or  u  d  at ;  I  atiaad  of  tta«  90°  of  Pica        Ydf^ — 
1  mati  i.    Al*a  whea  iti«  ol^t  iacllnao.  the  etda       /ijLtttM 

a  «  of  ibci  triugle  niiti  ba  meaad  ia  line,  or  Ib  ««^:<99>^<^ 


rang*  with  tbs  laeJltiailno.  If  iha  ohiaet,  aa  tha 
r»aii  a  fi,  r jjc  A.  ■•  curvH  or  Irrecmlar,  a  imle  •  a 
'  Miy  b«  plMiMd  ttiipifi^  la  th*  dlreotioo  m  n;  aad 


Flff.6. 


h»  (h«  tri  an  triv  a  he.  ufx^n  ilopiog  groaod.  the  loRtnimeBt  at  o.  meaaaraa  tha  bor  angle  t  o  m  ;  and  bo* 
tii«  aogli'  hat.  Thfrei('\-9,  the  tide  vbioh  eerreepoode  with  thie  hor  angle  <  e  n.  la  tha  hor  diet  <  m; 
«nd  Bat  th«  alofJiii  diat  i  c  In  other  vorda.  when  aldea  and  anglea  are  on  aloplng  ground,  wa  4v 
V<»t  aeek  ihrlr  d<-J«dr  m»auras ;  bnt  their  Jkor  onea.  Thla  remark  appllea  to  all  aunrejlnv  fbr  farma, 
taUitMda^  Lrian«i]laUuaii  aT  oo«ntrlaa,  Ao,  Jko;  and  the  want  of  a  atriot  attention  to  it,  fa 
■r  tha  imall  ainiri,  alwoat  BBavoldabla,  (and  fertaBaMj,  of  bnt  trilllog  oonaaqm 
Vhleh  oeeur  lo  ail  ortHnitry  iSaM  operatlooa. 
Wh«ii  a  HP  x.tiiiit  la  nsed,  angles  between  objects  at  dlflf  altitudes,  as  p  an/ 

q,  naj  ba  mnm»4.  bor,  itv  f1r*c  planting  two  vert  roda 
«  and  •»  In  nia«e  with  ih^^  ouiecia;  and  then  taking 
the  bar  aaffia  »  n  <>  •ulM'*Q«lra  by  the  roda. 

Aii»l««i  mny  b«>  n«iMid  wltli^ai 
mmj  Iniii,  thii^:  Measure  100  ft  toward 

•Mb  amact,  and  AriiTe  itatea  |  meaanre  the  diet  aeroaa 

fren  qm  «ukr  lo  the  oiher.    Half  thla  diat  will  be 

tb*  »^o*  of  AoJ/the  aDK]i>  t«  a  rad  of  100 ;  and  if  we  mora 

fb^inHlinit  fwhriT  two  pla^ea  to  the  left,  wecettbenal 

UntitifiM*  (vne  haif  of  (hdancle  toarad  nf  1.  aaln  the 

tablrn.     Tlsna,  inippo**  ihv  diat  to  be  W.W  f«*t :  then 

4O.i1  U  tht'  •!««  nf  bair  lb*  angle ;  and  .40B«  will  ba 

the  uai  alna,  ftpp<Mlia  tn  whieh  in  the  Ubiv  of  nat 

alne<  wa  find  th»  ang]*  ISf  41' ;  whlob  mnU  by  S  glTea 

gTM'f  Iha  nqd  angie.    I  r  obataolaa  prerent  meaattrinf  fe«Minl  tha  objeeti,  wa  may  maarara  directly 

front  thaaii  i^  1i«cau'«,  whnd  iwo  linaa  fniarseot,  the  oppoilte  anglee  are  eoual.   A  roogb  maaaamneat 

mar  ha  mmAt  br  t licllnK  ihfee  pina  T«ri.  and  a  (hw  Ina  apart,  fnto  a  amaJI  pleoe  of  board,  nallad  hot 

la  th«  Utpotm  pA>t.     Thtp  Ina  woald  ooonpy  tha  poaltlena  «  o  c,  of  the  laat  llgura.    PanelMtnca  may 

th^n  1»  Anwn.  coiitiMttag  the  pin  hole*  ;  and  the  angle  be  meaad  with  a  protraetor.    By  nailing  a 

pl«e«  of  U%mrA  mrt  Eo  a  Lna.  and  than  drawing  upon  It  a  abort  bor  Hoc.  by  meant  of  a  poeket  oar- 

penbcra'  ■piHi  IpitpU  vert  aaglea  of  cleTatlon  aod  depretaion  mav  be  Uken  ronghly  In  the  aama  way. 

In  ibU  w««  It)*  vrttrr  liBa  jii  timet  arallcd  hlmaeir  of  the  outer  door  of  a  hoaae.  by  opening  it  antllll 

#aiB«ad  Inward  aoaw  mo  umtaia-paak,  tha  dlat  of  which  ha  knaw  approzlmatat7J  nsu^af  tha  halfht  «ff 
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Ub  sBgto  irti  of  InollnAtloa  with  th»  kwisao  fband  m  k«te«r 
IB  which  cue  the  di«t  a « is  emteaUtad.  Or  If  th«  w^rt  height  en 
is  Mafht.  the  point  e  may  tint  be  round  hj  elghtlBC  npwarA 
alaoc  a  plamb-UiM  held  abote  the  heed. 

Ex.  S.  To  And  ih«  approxlniAte  height, 
•  asy  of  »  HiomitaiOy 


Fig.  6. 


Flff.T. 


i»SHlla>.te.    BMtMeba 


Of  whloh,  perfaapa,  enlj  the  wmrj  ■ammic  c  i«  ^ 
laterpoelnc  tartmU,  or  other  obtcaelee :  but  the  dUt.  mi,  of  wbMi 
fe  knewa.  In  tbla  eaae,  first  direet  the  inetraaMot  hor.  •■  ■  *; 
and  then  Beasure  the  ao^  i  m  m. 
Then  in  the  triangle  f  m  s  we  have 
one  eide  ei<:  the  ueaMl  angle  <eis, 
and  the  aagle  ■•  i  x  (90°),  to  find  i» 
bT  Caee  1.  Bet  to  this  (  x  we  meet 
add  ( o.  eqaal  le  the  height  y  m  of  the 
Inetrameat  above  the  ground :  and 
also  o  e.  Kow,  o  «  ia  mp^artnUg  dae 
entirdv  to  the  curratnre  of  the  earth, 
vhieh  u  oqaal  to  verj  oearlj  8  ins,  or 
Jta  ft  In  oae  mile :  aad  inoraaecs  as 
Um  naaree  of  the  diau;  being  4 
timee  8  las  in  3 mllee;  » tiaee  Sine 


. pkaft  fltMJnlehnJ  hf  tke  nift—tlou  of  the  atoKMphere :  which  rarlee 

wttk  teaparatore.  oMUiare,  4e;  bat  alwajs  teooi  to  make  the  olt)eet  a  appear  higher  than  tl 

nta  to  abost  yth  part  of  the  oarratara  el 

ertbedleia.  OooseqMBtly If  w« ewblraot  -=- 


ewaeliy  ia.      At  an  aeen«e,  thla  daeeptif*  daeatlea  i 

the  earth :  and  like  the  latter,  it  Tarles  with  the  eqaaro 

part  ftvm  8  ine,  or  Ml  ft,  wo  bnw  ai  onoa  the  eonMned  efltoet  of  earratvre  and  reTkwetlea  for  one 
uike.  eqoal  to  CSbT  Ina.  «r  .ST14  ft:  and  for  other  diele.  ee  ■hown  in  the  foUewlog  table,  by  the  aeo 
or  vhteh  we  avoid  the  aeeeeeity  of  aakiag  nparvU  aUowaaoee  for  o— ~-' '  - 


TaMo  of  Allow 

Aseos  to  b«  added  for  earvatore  of  the  eartli  i 

and  for  reAraetloa;  eoi 

Dftblned. 

Dial. 

Allow. 

Disk 

Allow. 

Met. 

AUov. 

Dlst. 

Allow. 

tayaide. 

foec. 

In  miles. 

feet. 

in  miles. 

feet. 

In  miles. 

fbei. 

100 

.003 

!• 

.096 

6 

90.6 

20 

220 

150 

JOOI 

12 

J43 

7 

28.0 

22 

277 

aoo 

jom 

^ 

2ax 

8 

86w6 

26 

857 

aoo 

.017 

1 

An 

0 

46J> 

80 

614 

400 

sm 

}K 

.808 

10 

67.2 

85 

700 

500 

.046 

1.28 

11 

69.2 

40 

916 

600 

J066 

1% 

1.76 

12 

82.3 

45 

1168 

700 

.000 

2 

2.29 

18 

96.6 

50 

1429 

800 

.118 

2H 

8.87 

14 

112 

55 

1729 

900 

J49 

3 

5.14 

15 

129 

60 

2058 

1000 

a85 

3M 

7.00 

16 

146 

70 

2801 

IJOO 

.266 

4 

9.15 

17 

166 

80 

8659 

1500 

^15 

^ 

11.6 

18 

186 

90 

4631 

2000 

.738 

6 

14.8 

19 

206 

100 

5717 

i 

i 


Bemcc,  if  »  person  wboee  eye  ia  5.14  ft.  or  112  ft  above  the  sea.  soss  an  olUect  Jiwt  st  the  sea's 
horicoa,  tbas  ohjeet  will  be  aboat  t  miles,  or  14  miiee  distant  ft^m  him. 

A  liAriMMital  line  is  not  a  level  one.  Cor  a  straight  line  cannot  be  a 
levwl  oao.  Tha  enrre  of  the  earth,  as  cxempllllsd  In  an  azp^nse  of  qalet  water,  is  leTel.  In  Fig  7, 
If  wc  aoppose  the  enrvad  Uno  t  y  «  p  to  represaai  tbe  sorfhee  of  the  eea,  then  the  points  <  y  «  and  •  ar« 
ea  a  lavol  wick  each  ether.  They  need  not  be  equidisUnt  frea  the  eeoMr  of  the  earth,  for  the  saa  at 
the  polea  is  aboat  IS  miJee  nearer  It  than  at  the  oquator;  yei  its  sarfooe  !■  everywhere  on  a  level. 

dp.  mod  down,  refer  to  sea  leveL  I^evel  means  parallel  to  the  curvature 
of  toe  sea;  and  horlaontal  means  tangential  to  a  leveL 

Ex.  4.    ir  tlie  InaeeeMlble  Tert  height  e  d,  Fifr  S, 

A  so  Htmmud  that  we  tmmmoi  naek  U  ml  all,  then  plaee  the  Instroment  for  maasnring  anglee.  at  any 
eoevenient  spot  it :  aad  in  range  between  ft  and  4,  plant  two  eufb,  whoee  tops  e  and  i  shall  raoga 
preeiaely  with  m  tkongh  tbey  need  not  be  •■  the  same  level  or  hor  tine  with  it.  Meaeore  no:  also 
from  ft  msssare  the  angtoe  o ft  «l  and  o  ft  e.    Tbea  more  tto  taatnamoBt  to  the  piwelse  spot  prertonsly 


lUy 


which  he  had  no  idea.    For  al]owani»  for  corrature  and  refraction  see  above  Table . 
A  triancl®  whoee  eidee  are  as  S,  4«  and  5,  is  right  angled;  and  one 

^  " as  7:  T;  and  9.  9;  eonuins  1  right  angloi  and  2  anglee  of  4&Oeaeh.    As  it  is  rre> 

r  to  lay  down  anglee  of  *SP  and  9v3  on  toe  gronad,  these  proportions  may  be  used  for 
ihaptag  a  portlen  ef  a  Upe-iina  or  ehain  into  sash  a  triangle,  and  driving  a  staks  a» 
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•oea|itod1ijtta«tep0ortlM«tmff;aiidftoaiomMmmth«aBglOT<0«laiid«l««.  TUMUia^6mi,u 
met  the  Migto  toe trvm 
180°;  Um  rem  vUl  ba  Um 
ancle  eon.    OooMqiimt* 
ly  in  tho  trianglA  aee. «« 
hare  one  aide  n  o,  and  t«o 
anglee,  ei»oand  oe%  to 
*  And  by  Caae  1  the  fide  ee. 
Again,  take  the  angle  to 4  ■ 
trim  l&OP ',  the  remainder 
will  be  the  angle  no  4,  wo 
that  In  the  triangle  dnc 
ve  have  one  aide  n  o,  and 
the  two  anglec  «l «  o  and 
n  0  rf.  to  flnd  br  r 
the  ilde  erf.    Fina 
the  triangle  CO 4, « 
two  fides  CO  and  od,  and 
their  ineladed  angle  ood, 
to  ftnd  0  <i,  the  read  rert 
hdffht. 


_      r  Case  1 
FfnallT,  in 
\wennr" 


Fijf.a 


Fiir.«. 


,  and  the  obeerrationi  reqd  to  be  made  fhMi  tltlMr  htt^g 


Bbm.  Tf  e  d  were  In  a  rallej,  or  so  a 
•r  lower  ground,  the  operation  would  be  preolselj  the  same. 

£x.  ft.    See  Ex  10. 
To  Had  the  dlst  ao^  Wig  •«  between  two  enttrelj- 
objectoy 

Measure  a  ilue  «« ;  at  n  measure  the  angles  ««■»  and  of»«:  also  at  m  measure  the  aa^ee 

mmn.  This  being  done,  we  have  in  the  triangle  anm,  one  side  n  m.  Fig  9,  and  the  an^oo 

•  ma;  beooe.  by  Case  1,  we  oan  oaleulate  the  side  an. 

Again,  in  the  triangle  o  «  «  we  hare  one  side  n  m,  and 

the  two  angles  omn.  and  m  f»o ;  henee,  by  Case  1 ,  we  can 

ealonlaie  the  side  n  e.     This  being  done,  we  have  la  the 

tr{K'^r'>  -nTT*  "    Twn  niAfni  nn.  »nfl  n  ""  "■■"^^  *»-fJ-  « — '— "ril 

■  nqh:    .f  '-:  H  ;      I,    I,...-,    i.;,    ■     i^,    ?< .    Trn    r  n,    .,  .'     ;   '   -.:.-    '     -.       ,,1,., 

oOb  »»]jlicb  Ls  ih'j  n'^ii  tjls-i,  U  li  plain  thai  i'l  rlin  mannef 
wft  iDKj  obL&la  also  tbo  pMilloa  df  dlractiun  of  Itiu  LuscmHi^ 
ttblc  llua ao ;  fi>r  wt  cia  calcQlale  tLn  sngls  n  aw ^ uid  can 
thererraoi  dad uce thai  of  a&\  and  ihai  be  en aMwd  lo  run 
a  Una  parallel  l-o  H.  IT  re^airnl.  By  drawlag  nfn  oa  p*' 
per  br  a  Hal«,  and  lay  lag  dawn  th.fl  four  mi«ad  anflss. 
the  disi  a  iff  m«y  b«  pie«»»tl  apou  Uie  djawlni;  by  the  mam^  seiSf. 

ir  %be  im*ltioii  of  tbe  Inscoeavlble  dltt  e  n.  Fig  10,  be  aue|»  ibsi 
wu  oan  pisoe  a  stalM  p  In  Uae  with  ll^we  ntar  pncvcd  tbu« :  pik* 
the  Inttrumeot  «l  any  avttabta  polut  f.  and  tslie  ib*-  aDRi«j  p  «  c 
aod««m.  Also  find  the  aatle  «p«.  and  nwuanr  ttai>  dltt  p  r.  Thvn 
In  Ibetrlaiiiitspt  e  flnd  •  e  by  Cms  i  \  aitala.  th*  #»ierlnr  angla 
fi  t;  *,  twtut  Fadal  to  tb*  twa  iuterii^r  and  flpf«>«lri«  angirt  cp  t, 
atid  p  1  r.  we  nave  la  the  tiiaugle  «  •  n,  ooe  tide  and  two  augtaa 


•mmnad 
•  ftm.aa4 


PIfir.lO. 


ta  find  cnht  Co. 


!    1. 


Flff.lL 


Ex.6.  Toflndadlsta6,Fiirll.orwliic1i 
the  ends  only  are  aeeeiuilble. 

From  a  and  h,  measure  anr  two  lines  a  e.  (  c  meeting  at  e ;  also 
measure  the  angle  a  eh.  Then  in  the  triangle  a  i  e  we  have  two 
sides,  and  ths  included  angle,  to  flnd  the  third  side  «  &  by  Case  8. 

Ex.  7.  To  flnd  the  vert  height  o  tn,  of  n 
hill,  Above  a  irlven  point  i. 

Plaoe  the  Instrument  at  I;  measure  a  m.  Directing 
the  instrument  bor.  as  an.  take  the  angle  nam.  Then, 
since  anm  is  90<>  Fig  12.  we  bare  one  side  a  m,  and 
two  angles,  nam  and  anm.  to  flnd  nm  by  Case  I . 
Add  n  o,  equal  to  a  <.  the  height  of  the  Instrumnit. 
Also,  ir  the  nill  Is  a  long  one,  add  for  eurrature  of  tho 
earth,  and  fbr  refraction,  aa  explained  In  Example  S, 
Fig  7.  Or  the  instrument  may  be  placed  at  the  top  of 
the  bill ;  and  an  angle  of  deprcaalon  measured ;  instead 
of  the  angle  of  elevation  nam. 

Rbm.  I.  It  is  plain,  that  if  the  height  om  be  previously 
known,  and  we  with  to  aseeruln  the  dist  firom  lu  sum-  pi„  |o 

mit  m  to  any  point  i,  the  same  measurement  as  before,  ** 

of  the  ancle  nam.  will  enable  us  to  calculate  a  jn  by 

Case  1.  So  In  Kx.  i,  if  the  height  na  be  known,  the  aaglee  measd  In  that  example,  will 

to  oompntethe  dist  ao;  so  also  in  Figs  8, 4,  6,  aiMlT}  In  all  of  which  theprooeHls  so  plain  as  to 
require  uo  further  explaaatioa. 

Rbm.  t.  The  height  of  a  vert  object  by  meiUkS  Of  ItS  ShadoW.  Plant  one  end  of 
a  straight  stick  vert  In  the  ground ;  and  measure  u  shadow ;  also  measure  the  length  9f  the  shadow 
of  tho  obteeu     Then,  as  the  length  of  the  shadow  of  the  stick  ia  to  the  length  of  the  stick  above 
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MM  to  afM^y  taodart. 

<n>     ^-,.  Bcoi.S.  OrUie1i«lKhtor»¥erf  oM^cCm*, 

^^    rlg.xZli    ^     Fig  l^^wlMMe  distance  r  m  U  known,  may  be  fimnd  l^jr 
^"W  Its  reflceiian  in  a  ywBel  of  water,  or  in  «  pleoe  of 
^^'{^  iMkiag  f»n  Rlaead  perfMUy  boritaalal  ot  r ;  tar  M  r  « Is  %•  tto  M|M 
.    ^_^        0^9*''        1^  «<or  ibe  ajsaibovv  (b«  riMeior  r, MtoraileM         Vl«w  -«4iL^ 
lll^^^'^         ---"O  Ite kdgbi m»9ttbm ellMt abw* r.  ^ ^^      ?'       ^ 

"*  ^^     KeBa.4.    Or  let  6  e,  Fig  12K  b«    I       "*J       ^ 

•  yl«»tg^  P*l«f  or  a  nid  held  vert  by  ao  aadatant.  Then  I  Y\  ^>i9 
«tM«atmvi«pv4tebMkhwiU.an4k«plBCtk««7MMMd7,lttBiarfcak»  1  JH'^^^ 
•M4aa&«M«e.wtaf«tlicllMiiraiCk»f»u4<ai«lrltolb«Nd.    ThM  w-AsS^— 4— ^ 


ic  to  %•  c  •«.■•  ia  f  ••  t»  aiN* 


iptaa  BAT  te  rcgardad  aa  ■atwtltatai  for  rtrlat  trlgona— 
try :  aad  will  at  doMw  be  umAiI,  to  nm  •  uMa  of  rtoM,  *«,  U  m»(  r4  hand  tar 


Ex.  S.  To  And  tlie  dint  ab,  of  whldi  one  end  only 
In  aeeennlble. 


R».13. 


nff.]& 


Drivv  a  iUk«  at  anj  Monateat  point  a;  from  a  lay  off  any  aagia  &  •  e.  la 
the  Ibw  AC  at  any  ooBTaa  teat  point  e,  drive  a  stake;  and  ft«m  e  lay  off  aa  aaflo 
•  etf.  oqoal  to  the  aagle  »  a e.  la  the  lino  « <i.  at  any  eoBToaieat  point,  at  dl 
drive  a  ttake.  Ttaea.  eUodlag  at  d,  and  loefctaf  at  b,  place  a  atako  o  In  raafi 
with  4  6:  aad  at  the  raaie  time  In  the  line  ac  Meaaare  •»•  oe,  anderf;  tki^ 
firaaa  the  priaelirie  of  tlndlar  triaaglea,  ae 

oeiedssaoiab. 


Or  thiM: 

Fig  1«,  n  h  heiag  the  di«t,  place  a  aiake  at  n ;  aad  lay  off  the  aagle  hnm  MP. 
At  aay  eonTcateat  dl«t  n  la.  plaoe  a  utak  •  ai.  Make  the  angle  h  •»  y =90° :  aad 
plaea  a  euka  at  y.  In  range  with  h  a.  Meacure  n  y  aad  a  m ;  thea,  frooi  tho 
priael^  of  ilBiilar  triangiae,  aa 

nptntnimfHinh, 

Or  thiM«  Fig  14.  Lay  off  the  angle  A  »  m  «>  9(K>,  placing  a  stake 
a^  at  aay  oooTealeat  dist  a  ■».  Meaaare  a  ».  Alee  mearare  the  aagia  •  m  h. 
riad  aat  taag  of  a  m  A  hj  TaUe  Malt  thia  aat  taag  by  a  ak    The  prod 

will  be  ah. 
Or  thnn.    Lay  off  angle  A  a  m  a  90^.    From  m  measure  the 

lay  off  aaglo  a  at  y  eqoal  to  il,  ^aelag  a  aiafea  at  y  la  nagt 

Then  ia  a  y  =-  a  %. 

tt f  Or  tlms,  without  naeMsHns 

gmjr  anvle; 

t  u  being  the  dlat.  Make  «  v  of  aay  ooaTenteni 
length.  In  range  with  t «.    Meaaara  aaj  v  o ;  and 

0  X  equal  U  ,t.  In  range.  Meaaare  h  o ;  and  oy 
oqaal  to  It  In  mage.  Plaee  a  stake  « la  range  with 
both  X  y,  and  t  e.    Then  wUl  y  «  be  both  eqoal  t« 

1  a»  aad  parallel  to  It. 


i 
( 


aagle  a  m  A.  aad  I 
withAa.    ~ 


Or  tiias,  wlthoat  naemiiirlBS  Any  anffle. 

Mtc  twv  ecakea  f  aad  a,  in  raafe  with  the  ol)|eeta.  Pr«B  Hay  off  aay 
eaa^MleaTdiMfa.  Id  aaj  dlwatSb.  Vnm  «  layoff  »  »  paralM  to  tx. 
PImC  w  la  raaga  ^th  a  i.  Maka  a  •  eqaal  to  I  a.  Moaanre  «  r,  r  a.  aa4 
al.    fbaa,ao 

wvsv»ttmitt». 
OrthiM.    At  «  Uy  off  angle  0ae-S»4r.   Lay 

r  M  iff  •«  at  right  angles  to  ae.    Measure  •«•  ^JJj^ 

*  «a  ■■  lOee.  too  long  only  1  psrt  In  985.6,  or  0.64S  feet 
^^  ^        D  a  mlle[  w  JIO«  &t  {Ml  Ik  inches)  in  100  feet. 
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Ex.  9.   To  find  tbe  dint  a  ft,  of  which  tlie 
cuds  only  are  aecemlblc. 

From  •  Uy  olf  the  aiiKte  hae;  and  rrom  h,  th%  aiicle  mhd.  eMh 
9(P.  Make  a 0  iind  hd  oqaal  to  each  otb«r.  Then.  ed  =  afr.  Or 
a  (^  mar  he  eontidpird  an  the  dint  aorrMt  the  rlrer  in  Piga  I&.  IS,  or 
14 :  and  be  aaoertafned  in  the  aame  var.  Or  maasnre  anj  dint.  Flc 
17,  a o;  and  make  on  \h  line  and  equal  to  it.  Alao  trmmnn  (e; 
and  make  om  in  :iB«  and  equal  to  It  Tbea  wOlmn  bebotb  parmi 
lal  to  ai,  and  eqval  to  It. 


Flu.  18. 


Ex.  10.    See  Ex.  4.   To  And  the  entlrely 

Inaceessible  disi  y  »,  and  also 

ito  dlreetlon. 

At  any  two  ooDTcnlent  poinu  •  and  h,  from  eaeh  of  whieh 
f  and  M  can  be  seen,  drlre  ataket.  Then  we  bare  the  fonr 
coruera  of  a  four-nided  flg ure,  in  which  are  flven  the  direotioni 
of  three  of  iu  lidefl,  and  of  its  two  diafs.  Theee  data  enable  as 
to  lav  out  on  the  groond,  the  «mall  fouF'Slded  Hmmeoi,  exaoUy 
limilar  to  the  large  one.  Thus,  In  the  Una  aft  place  a  atako 
c:  and  make  ee  parallel  to  6  s;  o  being  at  the  same  time  in 
range  of  the  diag  a  m.  Alao.  from  e  make  e  i  parallel  to  fr  v; 
i  being  at  the  aaoM  time  in  range  of  a  y.  Then  will  •  e  be  in 
the  aame  dlreetlon  aa  y  «,  or  parallel  to  it.  Measure  a e.  at, 
and  <o ;  then  evidently,  from  the  prinolple  of  similar  flgores,  as 
aex  ahx  iioiy»» 

It  f  M  were  a  Tisible  line,  inoh  as  a  fienoe  or  road,  we  oonld 
from  a  divide  It  Into  any  required  portions.  Thus,  if  we  wish 
to  plaoe  a  stake  halfway  between  y  and  m,  flret  plaoe  one  half- 
way between  i  and  o;  then  standing  at  a,  by  means  of  signals, 
plaoe  a  person  In  range  on  y  «.  Or,  to  find  along  a  6,  a  point  < 
perp  to  y  «  at y,  first  make  oi»  —  90P ;  and  measare  « «.  Then. 

oiiaaiiymiat. 
Ex.  11.  To  find  the  position  of  a  point,  n,  Flfr  19, 

By  mtana  of  two  angles  a  n  b  atul  b  n  c,  taken  from  n  to  th*  three  elt/ec(a  a  b  0,  irkoss  poeitioue 
and  diet*  apart  are  known. 

Thense  of  this  problem  is  more  fyeqaeat  la  marine  than  In  land  surveying.  It  is  ohtofly  enplojM 
fbr  determining  the  position  n  of  a 
boat  from  which  soundings  are  being 
taken  along  a  eoast.  As  the  boat 
moves  from  point  to  point  to  take 
tnmh  aeaadlngs.  it  bcoomea  neoessarv 
to  make  a  fresh  observation  at  eaoh 
point,  in  order  to  define  its  position 
on  the  ehart.  An  observation  oooaisU 
In  the  measurement  by  a  sextant  of 
the  two  angles  anb,  bnc,  to  the  sig* 
nals  «  6  e.  prevlousi  v  arranged  on  the 
shore.  When  praelleable.  this  method 
shenid  be  rejected :  and  the  obeerva. 
tlons  taken  to  the  boat  at  the  same 
Instant,  by  two  obserrers  on  shore,  at 
two  of  the  stations.  The  boat  to  show 
a  signal  at  the  proper  moment.  The 
roost  expeditious  mode  of  filing  the 
point  n  upon  the  map.  Is  to  draw  three 
lines,  forming  the  two  angles,  and  ex- 
tended indefinitely,  on  a  piece  of  trans- 
parent paper.    Plaee  the  paper  upon  the  map,  and  move  It  about  until  the  three  llnca  paM  UironKfe 


Fiflr.19. 


the  three  sutlons ;  then  prick  through  the  point  n  wherever  It  happens  to 

Instead  of  the  transparent  paper,  an  Instrument  called  a  sloMow 
are  many  points  to  be  fixed. 


pe<iUer  may  be  used  whan  ihara 


But  the  poiltion  of  the  point  n  can  be  found  more  oorreotlr  by  describing  two  dreles.  as  In  Fig  19, 
eaoh  of  which  shall  pass  through  n  and  two  of  the  sutlon  porats.  The  question  is  to  find  theoeniars 
o  and  m  of  two  such  circle«.  This  Is  very  simple.  We  know  that  the  angle  a  o  k  at  the  center  of  a  circle  te 
twice  as  great  as  any  angle  a  a  k  at  the  cireumf  of  the  same  circle,  when  both  are  subtended  by  the 
same  chord  a  b.  Consequently,  if  the  angle  mnb,  observed  from  the  boat,  is  say.  &0°,  the  angle  «e  t 
most  be  100^.  And.  since  the  three  angTea  of  every  plane  triangle  are  equal  to  180<>,  the  two  angles 
oab  and  o  b  a  are  together  equal  to  1800  —  100°  =  »0P.  And,  since  the  two  sides  a  e  and  t  o  are 
equal  (being  radii  of  the  ssme  elrele),  therefore,  the  angles  eat  and  o  &  a  are  equal ;  and  each  equal  to 

'y  =  40P.    Consequently,  on  the  map  we  have  only  to  lay  down  at  a  and  b,  two  angles  of  40°;  tba 

Knt  e  of  Intersection  will  be  the  center  of  the  circle  abn.  Proceed  in  the  same  way  with  the  anglo 
\  C  to  find  the  oeniOTs.    Then  the  laterseoUon  of  tba  two  droles  at  n  will  be  the  paint  a ^^ 
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PARAI.I.EI.OORAHS. 

BMtoMgle.        HIiOMbu.  Bkmnboid. 


A  PABAUKUMOtAX  li  U17  tgon  of  fimr  ■tnight  ddai^fhe  oppcMlto  ooeiof  wbteh 
■re  pAimVeL  There  are  bat  four,  m  in  the  abore  figs.  The  rhombus,  like  the  them- 
a  ,.-^___  —_  *_--»-.,  _...  _^  «all«d  **rhoiiu»."  In  the  ■qnare  and  rbombne 
I  rectangle  and  riiomboid  only  the  opposite  ones 
be  foor  angles  amount  to  four  right  angles,  or 
MOP;  and  any  two  diagonally  opposite  angles  are  eqnal  to  each  other;  hence,  hating 
one  angle  glVen,  the  other  three  oan  readily  be  found.  In  a  square,  or  a  rhombus,  a 
djag  dlTidds  each  of  two  angles  into  two  equal  parts ;  but  in  the  two  other  parallel- 


■n  paimvei.  xnere  are  oui  lour,  as  in  tne  ai 
bohedroa.  Fig  3,  p  196^  Is  aometimes  called  ' 
all  tke  fDor  aides  are  eonal;  in  the  rectangl 
are  eqvaL    In  any  parallelogrsm  Ae  four  i 


of  any  |MU«llelocrMM« 


.  Ji  to  a  slTea  eirslov  is  equal  le 

u  (Aof  CMft  ht  internes  to 


•  Bide  BUH  br  1.41421 ;  «od  a  rfdo  le  e^ul  le 

•  W^m  •Sneto,  Is  evuHedlaa  X  Mlim. 

ftoelAe  or  a  mass mU  1^  1 JMT  cHee  tke aUo  of  •■  •«■!- 
ftstoeaiCriufleof  theiamearra.  AH  paralielegrBms  m  a 
■ad  C,  wUeh  ■«▼«  af  al  taaea,  a  c,  aad  eqoal  pcrp  iMlfhta  n 
e,  >aw  alee  eqaal  aieaa;  aad  tha  ana  of  eaeh  la  twiee  tkatof  alii- 
aaclt  bavfaff  tbe  nne  bate,  aad  pcrp  belghu  The  av«a  aC  m 
» Inaislhfid  in  a  drale  la  eqoal  le  tvke  Uw  •qtuue  of  tae 


i 


Ibatvaaqai 


s  drawB  oa  lu  X  dlaca. 


4  iqiiarM  drawn  on  Ita  aldn  bave  a  anited  area  eqaal  to  tbat  af 
L    If  a  larger  s«nare  b«  drawn  on  tbe  dlag  «  *  of  a  smaller 


•aaara.  Ha  area  wlU  be  twioe  tbat  of  said  «maUar~«iBare.    Either  dlag  af  anj  pnntllt 

Amm  n^lBCo  two  c^aal  iriaacleB,  aad  tbe  S  dlaga  dlT  te  Into  4  trlanglca  of  «^^^ 

betber  Into  two  eqaal  part*.  Any 
we  eqaal  parte. 


dffMM  H  iBCo  two  eqaal  iriaaclee,  aad  tbe  S 
dtogaaraaviMndr  ' 


eqnal  areai 
rltoadm 


the  ecBter  «fa  dine  dtvidoe  tbe  paraHeloKraai  into  two  eqaal  parte. 

MsaasMPk  l.-The  ans  aC  aajr  tg  wSatorar  ae  B  &at  kanalaaad  by  few  aindsht 
Ba«a»  av  be  feand  tbna :  Malt  tngBtber  tbe  too  dlace  •»,«(:  and  tbo  nai  aiae  of  tbo  leeet  angle 
•  o*:er»ea^tvned  by  tbelrlaiaiBeelien.  DIt  Ibe  prodaet  by  t.  Tbla  la  oaifai  la  land  eBrTeyia& 
•aaobe*aelee,aaU  often  tbo  eaae.BukaUdUBealt  temcaanretbeBldMof  theSgeraeld;  wbUe  11 
mn  be  eaau  to  meaanre  tbe  dlaae;  and  aflcr  flodiac  tbeir  point  of  interaeetlon  0,  to  meaaore  tbe  re* 
qafred  eagle.    B«t  If  tha  tgla  to  be  drawn,  the  parts  e  a,  e  »,  0  a,  e  at  of  tbe  dlaga  anet  alM 

ium,  9.~Tha  sldaa  af  a  frailiilaftiaas,  triaaala,  and  nuwy  athar  las  auiy  ha 

■niBd*  vrikaa  aaly  the  aaaa  and  anglTW  are  g^Trnt^  tbna :  Aeaaaie  aone  partleoiar  one  of  ice 
*tAm  M  be  of  tbo  longU  1 :  and  eaJeulata  vbat  Urn  area  weald  be  If  Uat  were  tbe  eaM.  Tben  aa  tbe 
•q  rt  of  tba  eran  thne  flMnd  la  le  tbis  aide  l,selstoeaqrieffibe  aeiaal  glfsa  area,  to  ibe  earn- 
--BdlagaaeMlaMserihelf. 


On  m  irlT«M  lii>«  woD^to  draw  a  Miaaro^ 


. , ^aroe  arf  andwre. 

From  tbeir  InterModoB  r,  aad  wltb  red  eqoal  to  M  ef  wa.  dSMribe 
F  and  a  draw  w  a  aad  a  » tangential  te  e  e  «,  ead 
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TRAPBZOmS  AND  TBAifJEEZIUlDB. 


Ill t 


TRAPEZOIDS. 

n  t, w* n 


a    9     c        a  &     e  a     a   c 

Atnpewld  •enai.la  any  Hear*  wftb  fiMU*  itnl^t  ddM,  onlj  two  of  wbisk,  m m aad  » *,  an 

To  And  the  areA  of  any  trftpeaald. 

Add  tagtUier  Uw  two  parallel  Mm^  mcutdmnt  aatt  tho  laa  by  Um  pcrp  dirt  •  I  b«r  «m 
tbeiB ;  dlT  the  prod  by  1.  Sao  tho  Ibtlovlqf  ruleo  for  trapwlvaM,  whloh  or*  aU  oqullj  apfl  n«a 
to  irapeioida;  alio  see  Bomarki  after  ParaUelosrama. 

TRAPKZIVHS. 


A  trapMlnm  a  &  e  o,  la 

To  And  the  »re»  of  any  irapestnm,  havlnir  iriven  <he  diac 
6o,  or  a  e,  between  either  pair  of  opposite  ancles  |  and  i^M 
the  two  perps,  n,  n^  fkH»ni  the  other  two  annrles. 

Add  locethar  theoe  two  perpo ;  malt  the  iom  hj  the  dlag;  dlv  the  prod  bj  1. 

Haviny  the  four  sides  i  and  either  pair  of  opposite  anylca* 

as  a  be,  aoe$  or  bao,  and  beo. 

Consider  the  truMiivm  ae  dlvldod  Into  two  trlangloe.  in  eaoh  of  whleh  aro  giTen  two  aldee  and  tka 
(Doiaded  anaio.  Find  the  area  of  eaoh  of  thaoetriangloa  aadlreeladndar  tkapnoediag  hand**  Tlt- 
anglee."  and  add  them  tocether. 

IlaTlny  the  four  anirl««*  and  either  pair  of  opposite  sides. 

Bogin  with  one  of  tho  ildaa,  and  tho  two  anglea  at  Itt  onda.  If  tho  inm  of  theae  two  aagJoaiiBunde 
lflO°.  ■obtraet  eaoh  of  them  m»m  1MK>.  and  make  uaa  of  the  remt  Inetead  of  the  angloa  thcakwlTna. 
Then  oonslder  thia  aide  and  Its  two  adjaoani  anf  lee  (or  the  two  rema,  aa  tho  oaae  majr  be)  aa  tftooa 
of  ktrlaafle;  and  find  iU  ana  aa  diraoled Car thaAooaanadar tiiapneodinc head  "trlaacla."  On 
the  aamewlth  the  otbor  gtren  alda,  and  Itt  two  n^aoent  ai«lee.  («r  their  rama.  aa  the  oaae  maj  bn.) 
Snbtraet  the  leaat  of  the  area*  thee  foand,  fhMU  the  greateat:  the  rem  will  be  the  reqd  area. 

HaviuiT  three  sides ;  and  the  two  inelnded  anirles. 

Molt  together  the  middlo  fide,  and  one  of  the  a^Jaooot  eidfle ;  mult  the  prod  hj  the  uat  aino  of  their 

toolodad  an^;  oaU  the  raenlta.      Do  tho  aamo  r"^     " "" '• "- 

and  tho  nat  line  of  the  other  inoloded  angle:  eall  t 

the  dlir  between  their  nm  and  180°,  wbother  i 

togaiher  the  two  given  aidea  whiob  are  Mwoeiia  o 

eJl  tho  reanlt  e.    Add  together  the  roaidto  •  and  6 ; 

than  180'>,  aubtract  e  fhtm  the  eam  of  a  and  b ;  ho^the  rem  i 

If  tho  eam  of  the  two  giren  angles  be  yreoler  than  IBOP,  •" 

kui/  their  anm  will  be  the  area. 

HaTlnir  the  two  diagonals,  andelther  anffle  flmned  hy  their 

Interseetion* 

See  Remarka  after  Parallelograma. 


with  the  middle  aide  and  He  other  a4jaeeM  aide, 
the  result  h.  Add  the  two  angloa  tofether;  find 
latar  or  lees ;  fted  the  nat  aino  of  this  dlff ;  malt 


In  railroad  measni 

or  exeavation  and  embankment,  the  trancalam 
I  m  It  o  rrequentlj  ooenrs ;  as  well  as  the  two  »*alded 
figarss  1  m  i»  0 1  and  <  «  m  o  •;  in  all  of  whiob  m  • 
rspreeenu  the  roadwaj ;  r;  r  e,  and  r  I  the  oenter- 
depths  or  helghU:  I  w  and  ov  the  side-depths  or 
h^bte.  aa  t^rtia  bi  the  ler*!;  I«  and  Motbeaidn- 

of  theoe 


e  genera]  mie  for  area  applies  to  all  three 


If  theoe  fifs ;  namely,  malt  the  oatremo  her  width 
a  «  by  ib«4rtho  oenter  depth  r  «,  r  c.  or  r  r.  as  the 
oaae  may  be.  Also  malt  one  >b«ra  of  the  width  of 
roadway  «  »,  by  the  ««»  of  the  two  side-depths  I  u 
aadeo.  Add  the  two  prods  together;  the  samte  dm 
ni|d  area.  Thla  iwie  appUaa  whether  the  two  aidn- 
rtapaaat  I  and  «e  have  the  same  angle  orinellnatlon  or  BOt.    IM  ndlrwia  wM4ceCa»(te  aU- 

waT  hor  wIdU,  oenter  depth,  and  side  denths  of  a  prlsaseld  are  r« ^-•-      "^-  ' ' 

«ie  eorreapondlag  ecA  enea.  and  thoa  oan  be  Ibnnd  withent  aetnal  « 
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'  a1iezaMM,«sc1fe  vide  •f  wbtdi  Skall 
be  •%«»  to  m  irtv«i*  line*  a  b. 

yrtm  m  maA  A,  vWk  rad  •  fr.  denribe  tb«  two aivt;  rrom  Qicir inlemetloo, 
i.  witb  tka  nas  nd.  4«eribe  m  cif«le ;  mrovad  tte  «li««nr  of  wkkh,  aUy  off 


SMtoofa 


BBfifiX<^7735b 


Tb  dvsw  aa  actaffoa,  with  eaeli  side 
•^oal  to  a  ^VOB  llae,  e  e, 

.Froaeaad  «drswt«operps,ej»,e9.  A  Uopralooffce  toward 
tad  ftvai  e  aaa  •.  with  rad  equal  e  «,  draw  Ui«  two 
:  ■adtBdthcir«MtonJkA:JoiDcA.aiMl«Jk;drav 
panUdtoaj*:  aad  Bake  each  of  them  cqval  to  «e; 
■ad  «  •,  eaeh  e^aal  to  *  A ;  Join  o  a,  •  «p  aad  «  C 

Sido  af  aa  octacaa  «  •  «  X  .414213U. 


To  draw  aa  oeiavoa  la  a  (>▼•"  Mivaro. 

*  caracr  of  the  iHafe.  and  wiih  a  rad  cqaal  to  half  Ito  diaff, 
I  tear  am;  aad  jeb  the  potato  at  wUoh  tbc/eatthaaldci  ef  the 


T^  draw  aaj^  rcgralar  polsreoa 
e^ual  to  M»  a. 

Div  a»  dccreee  tj  the  aanbc 
tmhjt.  Thtowia  give  the  aai 
aaetaa  ^a  prwinctor:  the  sUt 
whM  dBMrtbe  the  eirale  to  a  y ; 


e^ual 

Bf  I _       _  , .     

em«.ore»«.  Atataadalajdowa  theee 

*  '" *7«  wfllnMKatapolDt,e.  from 

eireaaf  alep  ^  dlitt  eqaal  to 


Divas  dccreeetj the  aanber  of  Bide«:  uke  the  qeot  tnm  \W*\  dlv  the 
tmhjt.  Thtowia  give  the  aag'.e '^ ^    - 


■Uca  of  Umn  aagic*  will  men  at  a  pblDt,  e.  tnm 
Id  ito  eirear' 


»  n  y,  to  draw  aajr  rei^vlar 
poly 


torn. 

la  aay  drclOy 

polygon. 

DivSMPIjtbeaanbcrereldea:  tbeqaeiwtllbeth«aBSlefae«.af  theeeoicr.  2S 
lajeff  thtoaa^byaprtonetorj  andluchord  mawUlbeeaeaide;  which  171 
ocp  eff  anaad  the  dnaiar. 

Vo  vadaee  aay  poly^^a,  mmahed efa,  to  a  trtaayle  of  ilia 


•ido 


ir«aVi«tee«kM  eide/atowaHlw;  and  draw  »f 
Bctae  «  c'».  aad  a  «  f.  hoih  aa  the  game  Imm  a  e;  ai 

Mjarahecwaaathetveparalleleacaadf &.    Bvtt 


paralM  to  «  e,  and  join  f  e,  we  get  eqnal  Ii1> 

and  heth  of  the  eaoM  perp  height,  iaatwnch  aa 

I  the  part  a  e  <  brato  a  perttoa  of  both  these  irl* 

to  »eM.    ThervMrv,  If  It  be  tahea  away  Iran  both  trlaagl 


a»  Fig 3;  er  to  a/«  a  e  o  a.  ri|  I. 

lli  apfltortle  to  pdygeM  of  aaj  ■utoher  ef  ol^ed  by  LjOOg  le 


16U 


FOLTGONa. 


To  rodnce  a  larB«  llfr« abed efg, to  a  sinaller 
•Imllar  one. 

rram  anj  Interior  point  e,  wbioh  had  better  be  near  the  oeeter,  dnv  Ilnee    „t 
lo  ell  the  eaglM  a,  6.  e.  Ae.    Join  tbeae  lines  bj  othen  perellel  to  the  eldee    Sf  I 
f€  the  fl(.    If  it  tboald  be  reqd  to  enlarge  a  small  fig,  drav,  from  any  point 
•  within  It,  llnei  extending  beyond  Ice  angles ;  and  Join  theee  lines  by  others 
ywnIM  to  the  ddes  of  the  smaU  Of. 


To  redneo  a  map  to  ono  on  a  sinaller  scale. 

The  best  method  Is  by  dlrldlag  the  large  map  into  squares  by  fhlnt  UneSp  vlth  a  Tsry  Mft  laai^ 


penell:  and  then  drawing  the  red  need  map  nnbn  a  sheet  of 
■mailer  soaares.    A  pair  of  proportional  dirldcn  will  assist  ^ 
mnoh  in  lizlag  polnu  Intermediate  uf  the  sides  of  the  sqnarss.  " 


If  the  largo  m^  wonid  bo  iidared  by  drawing   and  mbUng 
oaf  the  stnares,  thnads  may  be  r ""* '* "-  * —  "— 


I 


In  a  reetanirnlar  fly,  ghwd, 

BapneenUng  as  open  panel,  to  flad  the  pointo  eo**  ia 
eldes:  and  at  eqnal  dists  from  the  aoglee  g.  and  • ;  fbr  Insert 
a  dlag  piece  o  o  e  e,  of  a  given  width  f  I.  measnred  at  rl| 


inserting 
-  right 


Ig.    Draw  upon  transparent  paper, 
two  parallel  lines  a  a.  e  e.  at  a  distanoe  apart  eqnal  to  1 1:  and 


1,  more  them  abont  nntU  li 


anglee  lo  ita  length.    Frem  0  and  s  ae  erntare,  deserlbe  several 
eonoentrfe  am,  as  In  the  rig.    " 
two  parallel  lines  a  a.  e  e.  at  a 

Caelng  these  lines  on  top  of  the  panel, 
shown  by  the  ares  tbat  the  rear  dists  |r  o.  0  e.  s  0,  •  e,  are 
eqaal.    Inacead  of  ths  transparent  paper,  a  strip  of  common 
paMT,  of  the  width  1 1  may  be  nied. 

Rnf .  Many  problems  whioh  wonid  otherwise  be  Tory  difllonit, 
may  be  thus  solved  with  an  aeenraoy  enSeient  for  praetieal 

purposes,  by  means  of  transparent  psper. 


To  find  the  area  of  any  lrrcirnlar  poly* 
son,  a  n  fr  c  ta. 

DIt  it  into  triangles,  as  •  n  (,  •  m  e.  and  ahei  la  each  a 
whieh  Und  the  perp  diet  e.  between  lu  base  «  ft,  a  e,  or  ft  e;  aM 
the  eopoelto  angle  «.  m,  or  «:  malieaeh  base  fay  its  perp  dlst 
add  sJl  the  prods  together ;  dir  by  S. 

To  find  approx  the  area  of  a  lony  i». 

reifalarllf[;,as<ifretf.    Between  lU  ends  «  ft,  ••» 


lit,)  thnwgh  whleh 


Jlel  Unee  1.  S,  S,  *e,  aeroes  the  breadth  of  the  flg.  Measare  the  lengths 
:  add  ihem  (OK«th«r :  10  ths  snm  add  Mf  t^  ■>■  «'  ^«  ^*<>  end  breadths 
Ire  snm  by  one  of  the  equal  spaees  between  the  parallel  linee.    The  prod 


spaoe  oir  sfiMl  diets,  (the  shorter  thfy  1 
draw  the  intennedlaie  parallel  1'"  *   * 

of  these  intermediate  Unee :  add 

a  ft  and  e  d.    Malt  the  entire  snm  by  one  of  the  eqaal  spaees  I  . 

will  be  the  area  This  mle  answers  as  weU  if  either  one  or  both  the  ends  terminate  in  points,  as  at  m 
andn.  In  the  lael  of  these  eases,  both  «  ft  and  e  <l  will  be  laeladed  In  tae  intennediato  Unas;  and 
half  the  two  end  breadths  will  be  0,  or  nothing. 

To  find  Uie  area  of  any  irre^nlmr  llynre. 

Draw  arennd  it  liaee  whieh  shall  enoloee  within  then  (as  neariy  aa 
ean  bo  Jodned  by  the  ere)  as  maeh  spaoe  not  beleagiag  to  the  flgere  as 
they  eioiade  epaoe  belonging  to  it.  The  area  of  the  simpUfled  flgare 
thus  formed,  being  in  this  manner  rendered  eqnai  to  tbat  of  the  oom« 
pUoated  one,  may  be  ealealatsd  by  dividing  it  into  triangles,  4o.  By 
using  a  pleoe  of  line  thread,  the  proper  poeition  for  the  new  boundary 
• Ing  them  Ir 


upon  it  a 

mTmuo 


lines  may  he  fbnnd,  before  dmwlng  them  in. 

Areas  of  Irregular  tgnrse  nmy  he  found  flrem  a  drawing,  by  laylnn 

refnily  mledlnto  small  sqnatea,  eaeh  of  a  given  area,  aof  li 

latlng  thn  whole  o«narea,  and  then  adding  tiM  IhMtona  aC 


pleoe  of  transparent  paper  ear 

o«.  ft.  enok;  ant  by  flntoooating  « 
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cibci.es. 

A  circle  is  the  arm  ineliided  within  a  eunred  line,  called  the  ctrcnm* 
fcfl^nccy  every  point  of  which  is  equidistant  from  a  fixed  point,  within  the 
arde.  called  its  center.  Any  straicfat  line,  paaainc  entirely  across  the 
circle  through  its  center,  is  called  a  diameter  of  the  eircle.     Any  strai^t 


line,  extcnduie  from  the  center  to  the  circilmferenoe,  is  oedled  a  rMU 
Tkc  raUic  off  tlie  cireitBiffereiice  tc  Ute  diaiMeter,  or  of 


the 


semi-circumference  to  the  radius,  —  cireumf  -s-  diam,  is  called  v  (pi)* 
w  -  4  (1  —  1/3  +  1/5  —  1/7  +  1/9  —  etc.). 
V  is  inecanroensurable ;   i.  e.,  it  cannot  be  ezactlv  stated  arithmetically. 
It  has  been  determined  to  several  hundred  places  of  decimals. 


ApproxlHiAie  Talnes  cffv;    t  -  x  + 

xfa: 

« 

«                                           SB 

a 

3.141  592  653  6  . 
3.141  592  65. . . . 

3.141  593 

3.141  6 

—  307,788.000,000         356  -!-  113    .. 
. . .  +  875.085,000         377  -^  120    . . 

—9.069.000         360-^  114.6.. 

—427.637           22  +       7    .. 

—  11,776,700 
...  —42,447 
. . .  +  13.576 
....  —2.485 

Losarithm.                                                         Logarithm. 

w  -  3.14159265    0.497  1499                        2/v  -     0.636620     1.803  8S01 

«/2  -  1.57079632    0.196  1199                        3/ir  -     0.954930     1.979  9714 

«/3  -  li>4719755    0.020  0286                          w*  -     9.860604      0.994  2997 

*>  2  -  4.442883        0.647  6649                          ''  »  31.00628        1.491  4496 

»/r2  -  2.221442        0.346  6349                         ^w  -     1.772464     0.248  5749 

l/»  -  0.318310 

1.602  8501                      ^/Vw  -     0.564190      1.761  4251 

( 


Fcr  naaliiples  cff  «,  see  "  Cireumf,"  in  tables,  pp.  163  to  178. 
Badinm,  B;  Diameter,  O;  ClrcararereBee,  <7;  Area,  J. 


^      2     2»     \-; 

C-2»«-irD-  2/irA  ; 


1>  -  2/2 


-   2- 


C 


A  -  »iP  -    f  Da  -  ^^ 

4  4' 


DC 
4   • 


REI.ATIOHS  OF  dBClii:  TO  OTHER  FIGITRIS.     y^ — ^ 

0 


CircviDacribed  polygon,  regular  or  Irregular. 

Area  of  circle  circumference  of  cirde 

Area  oi  polygon 


circumference  of  polygon' 


Eqailateral  triaByie  off  e^nal  area.    D  -  diam  of  circle. 
Side  of  triangle  -  D  V^  -*-   Vz  -   1.34677  D. 

Square  cff  e^oal  area. 

Side  of  square  -  a88623  X  diam  of  circle. 
Diam  of  circle  *-   1.12838  X  side  of  square. 
lnacril»ed  iiqaare.    D  -»  diam  of  circle. 
Sde  of  square     -  D  V%  -  0.7071  D. 
Area  of  square     —  2  )<  radius^  of  circle. 
Badius  or  circle  —  ^  X  diagonal  of  square 

-   Vyi  X  side  of  square  -  0.7071  X  side. 


Clreaaeacribed  iiqnare. 

A  ^  area  of  square ; 

A   -  -"  a  -  1.2732  a; 


a  —  area  of  circle. 

e  -  ^    A  -  0.7854  A.         .      _     ^ 
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PROBIiBMS  IN  CIRCUBS. 

To  flBd  the  dlRineter,  d  g,  And  Uie  «eiiter,  «^ 
of  »  irtv«B  elrele. 

Draw  any  chord  a  b  ;  and  from  its  middle,  o,  draw,  at 
lijKht  a^les  to  it,  a  diam  d  g ;  find  the  eenter  c  of  this 
diam.    Or  sae  below. 


) 


To  describe  a  circle  throvcli  any  three  «>/        .       *f/ 
points,  o  ^  <Cl  »•*  in  i»  stralirht  line;  i.  •- ^^^^^^J^-^^^'V 
ttarooyh  the  ihree  aniflea  of  a  trlauffle.  vX^s'vSv 

Join  the  points  by  the  lines  ah^hd.  From  fr,  with 
any  cM>nvement  rad,  draw  the  arc  m  n ;  and  from  a  and  Oj 
rf,  with  the  same  rad,  draw  arcs  y  and  t ;  then  two  Unes, 
e  9,cit  drawn  through  the  intersections  of  these  arcs, 
will  bisect  a  h  and  6  a  perpendicularly,  and  will  meet  at 
the  center,  c,  of  the  circle. 


To  inscribe  a  circle  in  a  i 

lines  bisecting  any  two  of  the  angles, 
meet  is  the  center  of  the  circle. 


If  any  two  chorda,  as  a  b,  o  c,  cross  each  other,  as 
at  n ;  then  asoninfr:  :  an  '.  nc.  Hence,  n  6  X  a  n 
'^  on  X  ne.  That  is,  the  product  of  the  two  segments 
of  one  of  the  chords  is  —  the  product  of  the  two  segments 
of  the  other  chord. 


Tanirents. 

Here  the  "  tangents"  are  merely  straight  lines,  touching 
the  circle,  without  cutting  it ;  not  trigonometricM 
tangents. 

To  draw  a  tangrent,  <  e  i,  to  a  circle,  through 
any  g^liren  point,  e,  in  its  clrcamf. 

Ihrough  the  center  c  and  the  given  x>oint  e.  draw  e  o ; 
make  e  o  —  e  c ;  from  c  and  o,  with  any  rad  greater 
than  half  of  o  c,  describe  the  two  pairs  of  arcs,  i  and  x ; 
join  their  intersections  %  i. 

Or  from  e  lav  off  any  two  equal  distanoes  ed,et;  and 
draw  i  i  parallel  to  d  t. 


To  draw  a  tangr,  a  •  5,  to  a  circle,  Arom  a 
point,  a,  which  1m  ontaide  of  the  circle. 

Join  a  c,  c  being  the  center  of  the  circle.  On  a  c, 
describe  a  semi-circle ;  through  the  intersection,  s,  draw 
atb. 


To  draw  a  tany,  g  h,  Arom  a  circular  arc, 

g  md,oi  which  n  a  is  the  rise.    With  rad  g  a,  describe 
an  arc,  9  a  o.    Make  ta  —  s  a.    Through  t  draw  g  h. 
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TABI.K  1  OF  CmCIAS. 
IMameton  is  «mIU  amd  d^btlM,  *e* 
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TABIJB  1  OF  CIKCLESHPontlnaed). 
IMametem  in  nnite  and  eli^tluu  Ae. 


Ana.    Diam-  Clroumr.    Ana.    Dlam.  Olroamf.    Area.    Dlam-  Clreiimf.    Ai«a. 


633.86 
637.94 
64S.&5 
649.18 
664.84 
660.52 
686.23 
671.96 
677.71 
6SS.49 
689.30 
695.18 
700.98 
706.86 
712.76 
718.69 
T24.64 
730.62 
736.62 
742.64 
748.69 
764.77 
760.87 
766.99 
773.14 
779.81 
785.51 
791.78 
797.W 
804.25 
810.54 
816.86 
823.21 
829.58 
835.97 
843.39 
848.88 
855.30 
881.79 
868.31 
874.86 
881.41 
888.00 
894.62 
901.26 
907.98 
914.61 
921.33 
928.06 
934.62 
941.61 
948.4S 
•66.26 
963.11 
989.00 
975.91 
•82.84 
969.80 
906.78 
1003.8 
1010.8 
1017.9 
10X50 
1062.1 
19.3 
1046.8 
1053.5 
1080.7 
1068.0 
1075.2 
1063.6 
1069.8 
1097.1 
1104^ 
1111.8 
1119.2 
1136.7 


119.381 
119.778 
130.166 
I90.669 
130.951 
121.344 
121.787 
133.189 
123.532 
132.916 
133.306 
123.700 
124.080 
124.486 
124.878 
125.371 
125.664 
126.066 
126.449 
126.842 
127.886 
127.637 
188.030 
128.418 
128.805 
139.196 
129.591 
129.963 
130.376 
180.769 
131.161 
131.554 
131.947 
133.340 
133.732 
133.125 
133.518 
183.910 
184.303 
134.696 
136.068 
135.461 
135.874 
196.367 
186.6&9 
137.052 
137.446 
137.837 
138.230 
138.623 
139.016 
139.406 
139.801 
140.194 
140.586 
140.979 
141.873 
141.764 
142.167 
148.650 
143.942 
148.885 
148.728 
144.121 
144.618 
144.906 
146.399 
146.691 
146.064 
146.477 
146.869 
147.383 
147.666 
148.048 
148.440 


149.338 


1184.1 
lUlii 
1149.1 
1166.6 
1164.8 

n?i.7 

1179Ji 
1186.9 
1194.6 
1302.3 
1210.0 
1217.7 
1225.4 
1233.3 
1341.0 
1248.6 
1256.6 
1264.5 
1272.4 
1380.8 
1288.3 
1296.3 
1804.3 
1812.3 
1820.8 
1328J 
1386.4 
1344^ 
1852.7 
1360.8 
1368.0 
1377.2 
1885.4 
1898.7 
1402.C 
14!0.8 
1418.6 
1427.0 
1435.4 
1443.8 
1452.2 
1460.7 
1469.1 
1477.6 
1486.3 
1494.7 
1603.8 
1611.9 
1620.5 
1529.2 
1637.9 
1546.6 
1555.3 
1564.0 
1572.8 
1581.6 
1590.4 
1599.3 
1608.3 
1617.0 
1626.0 
1634.9 
1643.9 
1652.9 
1661.9 
I67a9 
168a0 
1689.1 
1698.2 
1707.4 
1716.5 
1725.7 
1734.9 
1744.2 
1753.6 
1762.7 
1772.1 


149.618 
150.011 
150.404 
150.796 
161.189 
161.682 
161.975 
163.867 
162.760 
168.163 
163.546 
163.988 
164.331 
164.723 
156.116 
156.509 
166.902 
166.894 
166.687 
167.060 
167.473 
167J65 
168.368 
168.650 
158.048 
169.436 
159.889 
160.331 
160.614 
161.007 
161.899 
161.793 
162.185 
163.677 
162.970 
163.863 
163.766 
164.148 
164.641 
164.984 
166.336 
166.719 
166.112 
166.604 
166.897 
167.890 
167.683 
168.076 
168.468 
168.881 
169.253 
169.646 
170  039 
170.U1 
170.824 
171.217 
171.609 
172.002 
17SJ95 
172.788 
178.180 
173.673 
178  J66 
174.858 
174.751 
176.144 
176.686 
175.929 
176.822 
176.715 
177.107 
177  JOO 

mjan 

17&a86 
1 78.678 
179.071 
179.463 


1781.4 
1790.6 
1800.1 
1809.6 
1819.0 
1828.6 
1837J 
1847.6 
1867jO 
1866.6 
1876.1 
1886.7 
189S.4 
1905X) 
1914.7 
1924.4 
1934.3 
1943.9 
1953.7 
1963.6 
1973J 
1983.3 
1993.1 
30034) 
9012S 
3022.8 
3032.8 
2043.8 
8063.8 
2062.9 
2078.0 
3083.1 
2093.3 
2103.8 
3113.6 
3133.7 
3133.9 
3144.3 
3164.6 
3164.8 
3176.1 
3186.4 
3196.8 
3306.3 
3316.6 
3227.0 
3237.6 
3248X> 
3268.6 
3369.1 
3379  j6 
3390.3 
3300.8 
S31li 
3822.1 
2333.8 
3348^ 
2364.S 
3366.0 
3376.8 
8386.6 
3897.5 
3408.3 
3419.3 
343011 
9441.1 
3463.0 
3468.0 
2474.0 
24)t5.0 
2486.1 
2607.3 
3518.8 
3529.4 


1T9.866 

180.349 
180.643 
181.034 
181.437 
181.880 
183.313 
183.606 
lt2J98 
18SJ90 
183.788 
184.176 
184.669 

isuei 

186J64 
186.747 
186.139 
186.633 
186.936 
187.817 
187.710 
186.106 
186.406 
188.886 
189.281 
189.674 
190.086 
190.480 
190.852 
191.344 
191.687 
192.060 
192.438 
193.816 
198.206 
189.601 
198.986 
194.886 
194.779 
186.171 
196.664 
196.967 
196.860 
I96w742 

ir.ia5 

197.638 
197.930 
196.818 
196.708 
180.008 
189.491 
189.884 
300.377 
900.089 
S01.083 
901.466 
301.647 
903.340 


908.418 
306.811 


306.n4 
906.167 


907.846 
307.788 
906.181 


3161.6 


36864 

3619.4 
2690.7 
9643.1 
9663.5 
3i64.9 
3676.4 


3no.9 

r33.4 
87S4.0 
8746.6 
3T57.3 
S768J 

ttm^ 
tin.3 

9806.0 
981&.7 


2861.0 
860X.9 
9B7A.6 
8886.6 
3e9B.6 
3910.6 
9933.6 
38M.& 

m»M 

2966.6 
3910.6 
89BS.7 
9904.S 
8006.9 
8019.1 
8001.9 


8693.6 
8104.9 
3117.3 
81«9j6 
8143.0 
81644 
81064 
8119.4 
SI9L9 
839C4 
8317J 
8389.6 
8343.3 
82644 
83674 
8980.1 
82924 
88064 
88164 
8881.1 

a9a4 


94004 

S431.3 
•414.3 

S447.2 

9460.2 
9478.2 


900.701      9M94 

yL^oogle 


GIBCIiBS. 
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TABIA  1  or  CIB€IiKS-<OMitlBM«V 

\  la  vnlte  and  «lcbttMH  ^k«. 


"- 

Olmmf. 

ATM. 

DteB. 

ClrraaL 

Axm,    DIM. 

OlMWf. 

ATM.    DlUi. 

Olranf. 

ATM. 

X 

no.«M 

»lt.S 

"8 

830.406 

4447.4 

8SX 

301.710 

6401.4 

93. 

39.037 

00474 

c:. 

tlO.«(l7 

aus.? 

310.790 

4483.3 

X 

388.100 

66084 

880.410 

0086.7 

H 

1M.S79 

JU8.8 

H 

337.190 

4477.0 

X 

1635.8 

i^ 

300413 

i088.8 

ni.sTi 

3663.0 

H 

3S7.50S 

4401.8 

84. 

30S.804 

65414 

tc 

390.306 

07014 

■£ 

tn.«5 

86CS.1 

H     3S7.fT0  1 

4600.7 

304.380 

WSJ 

u 

390407 

0710.1 

^ 

nx«M 

S7«.S 

X     318.308 

4631.A 

JJ 

384.879 

56744 

X 

390490 

0738.1 

^ 

«U.«M 

a»i.7 

71. 

388.701 

4580^ 

305.073 

1601.4 

X 

301.888 

#760.4 

nt-stt 

3006.0 

H 

flO.154 

4S61.4 

X 

306.486 

50074 

V 

391.775 

0774.7 

«L 

XU.SM 
SIS.428 

XI  u 

^ 

330.540 

4500.4 

MJ^JKT 

50344 
6041.3 

18. 

393.188 

•791.9 

SSSI.7 

330.990 

45eiJ 

X     3<0.35i[ 

X 

30X461 

8811.1 

w 

«i«4ni 

•0464 

s 

340  JS3 

4508.3 

X 

30o.oa 

5067.8 

393464 

08»4 

i 

nA.414 

80&8.4 

K 

340.736 

4611.4 

86. 

307.006 

6674.6 

tc 

390.840 

88474 

S 

II4.8M 

at7i.t 

H 

9U.117 

4030.4 

X 

307.438 

i«1.3 

X 

380.780 

0806.1 

< 

syiM 

3tt6S 

X 

341.510 

4041.5 

387.831 

579T4 

5{ 

304.183 

08844 

11S9M 

Mn.7 

n. 

341.908 

4058.0 

^ 

308.313 

6734.7 

304.5M 

0901.9 

1^ 

Xt5.W4 

S71t.« 

H 

M3.306 

4871.8 

^ 

308.000 

67414 

X 

394.917 

00314 

V 

tWJTT 

1715.7 

343.088 

40B6.9 

X 

388. 9S0 

57584 

94. 

395.310 

0800.8 

tt. 

aCTTO 

vmji 

m/L 

348.081 

4703.1 

X 

380.303 

6776.1 

X 

395.703 

0058J 

34 

117.1CS 

JlhtA 

1^ 

343.473 

4717.3 

X 

300.784 

67914 

390.006 

0076.7 

S 

mj6s 

370114 

K 

343.806 

4783.5 

fit. 

370.177 

58088 

g 

»0.488 

09964 

s 

n7.M8 

3780.0 

H     3U.3S0 

4747.8 

X 

370.570 

5836.7 

»0.881 

70134 

; 

1UJ41 

87n.7 

Xi    344.053 

476S.1 

3T0.963 

58434 

5< 

197.173 

7083.4 

nsLTSs 

S807J 

78.          346.0M 

4778.4 

371 .356 

68604 

107.686 

7061.0 

1 

ntias 

gl:? 

X'   a45.tt7 

47W.7 

X 

371.748 

50704 

X 

M.060 

70094 

u 

U9^l« 

H     345.830 

4800.0 

5* 

373.140 

50064 

96. 

108.451 

1000.3 

•4l 

tit^i 

8048.5 

%,    340.133 

4834.4 

373.533 

B0104 

X 

90.844 

710C9 

K 

lltJ04 

3802.3 

M     140.015 

4809.8 

X 

373.930 

60374 

^ 

99.137 

71366 

s 

nt^MT 

3870.0 

K     347.000 

4865J 

87. 

378.319 

i044.7 

199.89 

7144.3 

s 

laijm 

SttflMi 

X     347.400 

4870.7 

X 

378.711 

60614 

M 

300.011 

71034 

M 

m.4m 

3003.0 

X     347.708 

4888.3 

174.104 

50784 

^ 

300.415 

7181.? 

K 

SI.875 

»17.5 

70.^     348.IM 

4901.7 

■2 

374.497 

5890.0 

800407 

7300.0 

s 

m.aB 

3031.4 

Hi    148.570 

4017.1 

X 

374.800 

0018.3 

y 

801.100 

7319.4 

% 

wg 

3046J 

S     148^ 

40K.7 

^ 

375.183 

0000.4 

90.'' 

301.508 

7«8.1 

IL* 

J06A.S 

X     340J04 

4948.3 

375475 

004T4 

X 

301400 

7167.1 

Sn.446 

3075.1 

H     349.757 

4803.9 

w 

37O.087 

00044 

801478 

7noo 

Vt 

mM» 

9007.1 

H     350.140 

4979J 

88. 

378.400 

6003.1 

■^ 

801.771 

704.9 

■l 

ai.fsi 

4001.1 

X     350.543 

4996.1 

X 

379.858 

0009.4 

yi 

808.104 

73134 

H 

a4.«i4 

401&a 

X     »>.|06 

6010A 

X 

in.340 

OllO.T 

^ 

800460 

78814 

».0I7 

4oa.a 

10.         35IJ37 

60KJ 

s 

9n.6S8 

0184.1 

808.940 

73614 

JU 

S&Mt 

404S.t 

m'   351.730 

5042.3 

s 

178.081 

0151.4 

X 

804.341 

7870.8 

]l 

tmj&n 

4097.4 

H     3S3.11S 

50584) 

X 

878.414 

01084 

97.'^ 

804.734 

10804 

tL 

MLIK 

4onj 

4i     353J08 

6073.0 

X 

378.810 

6100.3 

X 

106.117 

7408.9 

X 

SM.5«7 

40S5.7 

H    351.808 

son.o 

X 

379.100 

0300.7 

X 

806.610 

74384 

aM80 

4fM0.8 

XI   35S.»1 

6106.4 

80. 

379.003 

03SI.I 

X 

886.918 

7447.1 

2 

visn 

4114.0 

6111.9 

379.904 

03804 

X 

7400.3 

tfr.7« 

4130.3 

X     354.C78 

5137.1 

> 

380 J87 

0350.1 

X 

306.808 

74854 

^ 

MLIkS 

4143.5 

81.^     354.400 

5158.0 

x 

9n.780 

0373.7 

807.001 

76044 

J 

aM.M4 

41H8 

H     354.803 
X    366.354 

5108.9 

381  173 

0101.3 
0B004 

«.'* 

807.488 

7638.7 

4171.1 

61844 

X 

88l!586 

807.870 

76a4 

2L 

rmjM 

41S.4 

X     356.047 

620O.8 

Ml  .958 

0896.4 

X 

808.180 

7663.3 

X 

ai.79 

41W.7 

H     3MM0 

6318.8 

X 

883.351 

0844.1 

806.801 

75614 

ai.its 

43141 

X     350.400 

X   i5e.o» 

5133.8 

oa 

383.743 

8861.7 

X 

809.064 

7800.8 

Jj 

90.&14 

4330.5 

5348.9 

S 

388.180    CST9.4 

x 

309.447 

7820.1 

ai.n7 

4941.0 

X    357.318 

5384.9 

388.519 

0807.1 

s 

800.840 

70804 

11 

SIJW 

4357.4 

8L         357.011 

6381.0 

X 

388.921 

04144 

810.131 

78684 

% 

«!.«« 

4371.8 

X    358.000 

6397.1 

X 

384.314 

6481.8 

X 

310.0« 

7078.8 

yt 

an.086 

4300.3 

X     SOOJOO 

5318.3 

M 

384.707 

6450.4 

n. 

811410 

7097.7 

14. 

«n.47S 

4100.0 

X     368.780 

5339.4 

S 

885.100 

6400.3 

X 

811.410 

ni7.i 

an^i 

«15w4 

H     380.181 

6345.0 

y 

386.493 

0488.0 

X 

311.803 

n884 

3^ 

SI  SB 

4SSM 

X     3S0.574 

6301.8 

«. 

385.886 

06084 

s 

312.196 

n58.1 

■f 

si.«c 

4S44.5 

3S0.987 

6S78.I 

886.378 

85314 

X 

811.588 

77764 

^ 

»4.M» 

4a0.3 

900.8Bt 

&SMJ 

m.670 

0630.7 

X 

311.901 

7796.2 

5{ 

SM.441 

4VIU0 

00. 

300.763 

6410.0 

887.083 

0557.0 

X 

313474 

7814.8 

»4JM 

4«0.5 

X 

MI.146 

6438.0 

307.450 

06764 

X 

318.707 

7884.4 

«^ 

tKLtn 

4400.1 

X 

901.688 

6448.8 

387.848 

06004 

100. 

814.150 

78644 

n. 

nkM9 

4417.0 

^ 

981  JiO 

64604 

188.341 

08114 

H 

at^a 

44n.O 

XI   903.831 

6470.0 

180.834 

0030.0 
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dBCLEEL 


TABIA  9  OF  CIBCIAi. 

lefers  in  unite  and  tenths. 


Ms. 

CtrwiBf. 

Aim. 

Ms. 

CtfMMf. 

Ans. 

Ms. 

Ciramf. 

Ans. 

•I 

.814159 

.007854 

8.3 

19.79208 

31.17245 

18.5 

89.26991 

122.7185 

^ 

.028819 

.081416 

A 

20.10619 

32.16991 

.6 

39.58407 

124.6808 

J) 

.912478 

.070686 

.5 

20.42065 

33.18807 

.7 

89.88628 

126.6769 

.4 

1.256637 

a25664 

.6 

20.78451 

34itll94 

.8 

40.21239 

128.6796 

Jb 

1.670796 

.196860 

.7 

21.04867 

35.25662 

.9 

40.52656 

180.6981 

A 

1.884956 

.282748 

A 

36.81681 

1S.0 

40.84070 

182.7828 

.7 

2.199115 

.884845 

A 

21.67609 

37.89281 

.1 

41.15486 

184.7822 

A 

2.513274 

.502665 

7A 

21.99115 

88.48451 

.2 

41.46902 

186.8478 

Ji 

2.827438 

.686178 

a 

22.80581 

39.59192 

.8 

41.78818 

188.9291 

1.0 

8.141598 

.785808 

.2 

22.61947 

40.71504 

.4 

42.09784 

141.0261 

a 

3.456752 

.960382 

.8 

22.93363 

41.85387 

.5 

42.41150 

148.1888 

.2 

8.709911 

1.18097 

.4 

23J24779 

43.00640 

.6 

42.72566 

145.2672 

41 

4.084070 

1.82782 

.5 

28.56194 

44.17865 

.7 

43.08062 

147.4114 

A 

4.396230 

1.58938 

.6 

28.87610 

45.36460 

.8 

43.35396 

149.5712 

.5 

4.712380 

1.76715 

.7 

24.19026 

46.56626 

.9 

43.66814 

151.7468 

JB 

5.026548 

2.01062 

.8 

24.50442 

47.78362 

U.0 

48.96230 

158.9680 

.7 

5.340708 

2.26980 

.9 

24.81858 

49.01670 

.1 

44.29646 

166.1450 

^ 

5.654867 

2.54469 

8.0 

25.13274 

60.26548 

.2 

44.61062 

168.86T7 

.9 

5.969026 

238529 

a 

25.44690 

51.52997 

A 

44.92477 

160.6061 

2.0 

6.283185 

8.14159 

A 

26.76106 

52.81017 

A 

45.28893 

182.8602 

a 

6.597345 

8.46861 

A 

26.07522 

54.10608 

A 

45.55309 

165.1800 

^ 

6.911504 

8.80188 

A 

26.38938 

55.41769 

A 

45.86725 

187.4155 

J) 

7.225668 

4.15476 

A 

26.70354 

66.74502 

.7 

46.18141 

169.7167 

A 

7.539822 

4.52889 

A 

27.01T70 

68.08806 

A 

46.49557 

172.0886 

Jb 

7.858982 

4.90674 

.7 

27.83186 

59.44679 

.9 

46.80978 

174.8662 

A 

8.168141 

5.30929 

A 

27.64602 

60.82128 

U.0 

47.12889 

176.7146 

.7 

&482300 

5.72665 

A 

27.96017 

62.21139 

a 

47.48805 

179.0786 

.8 

8.796459 

6.15752 

9A 

28.27483 

63.61726 

.2 

47.75221 

181.4584 

^ 

9.110619 

6.60520 

J 

28.58849 

65.03882 

.8 

48.06687 

188.8589 

8X) 

9.424778 

7.06858 

.2 

28.90265 

66.47610 

.4 

48.88068 

186.2660 

a 

9.738937 

7.54768 

.8 

29.21681 

67.92909 

.5 

48.69468 

188.6919 

^ 

10.05810 

8.04248 

.4 

29.58097 

A 

49.00885 

191.1845 

ji 

10.36726 

8.56299 

A 

29.81518 

70.88218 

.7 

494»a00 

196.6028 

A 

10.68142 

9.07920 

A 

80.15029 

72.88229 

.8 

49.68716 

196.0668 

A 

10.99557 

9.62118 

J 

80.47345 

73.89811 

.9 

49.95182 

198.6065 

A 

lLa0973 

10.17876 

A 

80.78761 

75.42964 

1A.0 

6026548 

20L0619 

.7 

11.62889 

10.76210 

A 

81.10177 

76.97687 

.1 

50^7964 

206.5881 

.8 

11.93805 

11.84115 

lOU) 

81.41598 

78.58982 

A 

60.89880 

206^199 

J 

12.25221 

11.94601 

a 

81.73009 

80.11847 

A 

51.20796 

2066724 

4.0 

12.66637 

12.66687 

A 

82.04425 

81.71282 

A 

51.52212 

211.2107 

a 

12.88053 

18.20264 

A 

82.85840 

88.32289 

A 

51.83628 

218.8316 

.2 

13.19469 

18.85442 

A 

82.67256 

84.94867 

A 

52.15044 

216.4948 

J) 

13.50885 

14.52201 

A 

82.98^72 

86.59016 

.7 

52.46460 

219.0097 

.4 

13.82301 

15.20681 

A 

88.30088 

88.24734 

A 

62.77876 

221.6706 

.6 

14.18717 

15JX>481 

.7 

88.61504 

89.92024 

A 

53.09292 

224.8176 

A 

14.45133 

16.61906 

.8 

88.92920 

91.60884 

UjO 

58.40706 

226.9601 

.7 

14.76549 

17.84945 

.9 

8124336 

93.81316 

.1 

53.72128 

229.6688 

.8 

15.07964 

18.00657 

11.0 

84.55752 

95.03818 

.2 

54.08639 

282.85?2 

.9 

15.39380 

18.85741 

.1 

84.«n68 

96.76801 

A 

54.81965 

285.0618 

•.0 

16.70796 

19.63495 

.2 

85.18584 

98.62085 

A 

54.66871 

287.7871 

.1 

16.02212 

20.42821 

A 

86.60000 

100.2875 

A 

54.97787 

210.6282 

2. 

16.33628 

21.23717 

A 

85.81416 

102.0708 

A 

65.29203 

248.2849 

A 

16.65044 

22.06188 

A 

86.12882 

108.8689 

.7 

55.60619 

346.0674 

A 

16.96460 

22J0221 

A 

86.44247 

105.6882 

.8 

65.92085 

948.8456 

A 

17.27876 

28.75829 

.7 

86.76668 

107JS182 

.9 

06.23451 

251.6494 

A 

17.59292 

34.68009 

A 

87.07079 

109.8588 

lao 

66.54867 

254.4600 

.7 

17.90708 

25.51789 

.9 

87.38495 

111.2202 

a 

56.86288 

257.8048 

.8 

1&22124 

26.42079 

18.0 

87.69911 

113.0978 

A 

67.17699 

260.1653 

A 

18.53540 

27JS8971 

.1 

88.01327 

114.9901 

A 

67.49115 

268.0220 

«.o 

18.84966 

28.27488 

A 

88.82743 

116.8987 

A 

57.80680 

265.9044 

.1 

19.16372 

29.22467 

A 

88.64169 

118.8229 

A 

58.11946 

368.8025 

.2 

1SU7787 

8009071 

A 

88.95575 

120.7028 

A 

5&48862 

271.7168 

-'igi 

zed  by 
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TABUS  8  OF  CIB€I.IiS-(OontlMMd!V 


Ms. 

drewni: 

Ar«iu 

DIa. 

Cirouir. 

Am. 

DIa. 

CkreumL 

Arm. 

t7.8 

U7.1814 

1092.7166 

4S.6 

186.6508 

1486.1697 

4».7 

156.1872 

1940.0041 

.4 

U7.4956 

1098.6885 

A 

186.9784 

1498.0105 

.8 

166.4518 

1947.8188 

A 

117.8097 

1104.4662 

.7 

187.2876 

1499.8670 

.9 

166.7&')6 

19&6.6498 

.6 

118.1289 

1110.3645 

.8 

187.6018 

1506.7898 

60.0 

157.0796 

196a4964 

.7 

118.4880 

1116.2786 

S 

187.9159 

1513.6272 

JL 

157.8988 

1971.8672 

.8 

118.7522 

1122.2083 

44.0 

188.2801 

1520.5808 

J2 

167.7080 

1979.2848 

.9 

119.0664 

1128.1538 

a 

188.6442 

1527.4502 

A 

158.0221 

1967.1280 

SS.0 

119.8806 

1134.1149 

J2 

188.8584 

1584.3853 

A 

158.8363 

1996.0870 

.1 

119.6947 

1140.0918 

A 

189.1726 

1541.3860 

A 

158.6504 

2002.9617 

J2 

120.0088 

1146.0844 

A 

189.4867 

1548.8025 

A 

158.9646 

201O.9Q20 

A 

120.8230 

1152.0927 

.6 

189.8009 

1555.2847 

.7 

160.2787 

2018.8681 

A 

120.6372 

1158.1167 

.6 

140J160 

1562.2826 

.8 

159.5929 

2026.8299 

J& 

120.9513 

1164.1564 

.7 

140.4292 

1669.2962 

.9 

159.9071 

2084.8174 

A 

121.2655 

1170.2118 

S 

140.7434 

1576.3255 

61.0 

160.2212 

2042.8206 

.7 

121.5796 

1176.2830 

.9 

141.0575 

1683.8706 

a 

160.5354 

2050.8896 

.8 

121.8988 

1182.8698 

46.0 

141.8717 

1590.4813 

J2 

160.8496 

2068.8742 

.9 

122.2080 

1188.4724 

.1 

141.6858 

1697.5077 

A 

161.1637 

2066.9245 

89.0 

122.6221 

11915906 

^ 

142.0000 

1601.5999 

A 

161.4779 

2074.9906 

JL 

122.8363 

1200.7246 

J& 

142.8141 

1611.7077 

A 

161.7920 

2068.0728 

^ 

123.1504 

1206.8742 

A 

142.6288 

1618.8818 

A 

162.1062 

2091.1697 

Ji 

123.4646 

1213.0896 

A 

142.9426 

1625.9706 

.7 

162.4208 

2099.2829 

A 

128.7788 

1219.2207 

.6 

143.2566 

1683.1256 

.8 

162.7845 

2107.4118 

Jb 

124,0929 

1225.4175 

.7 

143.6708 

1640.2962 

.9 

163.0487 

2115.6668 

A 

124.4071 

1281.6800 

.8 

143.8849 

1647.4826 

52.0 

163.8628 

2128.7166 

.7 

124.7212 

1237.8582 

.9 

144.1991 

1654.6847 

.1 

163.6770 

2181.8926 

^ 

125.0854 

1244.1021 

46.0 

144.5138 

1661.9025 

.2 

168.9911 

2140.0648 

.9 

125.8495 

1250.8617 

a 

144.8274 

1669.1860 

.8 

164.8C68 

2148.2917 

40.0 

125.6687 

1256.6871 

.2 

145.1416 

1676JS58 

.4 

164.6196 

2166.6149 

J 

125.9779 

1262.9281 

.8 

145.4557 

1683.6602 

.6 

164.9386 

2164.7687 

.2 

126.2920 

1269.2348 

.4 

145.7699 

1690.9806 

A 

165.2478 

2173.0082 

.8 

126.6062 

1275.5673 

.6 

146.0841 

1698.2272 

.7 

165.6619 

218IJ2785 

.4 

126.9208 

1281.8855 

.6 

146.3962 

1705.5892 

.8 

165.8761 

2189.5644 

A 

127.2345 

1288u2488 

.7 

146.7124 

1712.8670 

.9 

166.1908 

2197.8661 

A 

127.6487 

1294.6180 

.8 

147.0265 

1720.2105 

68.0 

166.5044 

2206J88I 

.7 

127.8628 

1301.0042 

.9 

147.8407 

1727.6697 

.1 

166.8186 

2214.6166 

A 

128.1770 

1807.4062 

49J0 

147.65t9 

1784.9446 

.2 

167.1827 

2222.8658 

.9 

128.4911 

1813.8219 

.1 

147.9690 

1742.8861 

.8 

167.4460 

22S1.2298 

41.0 

128.8053 

1820.2643 

.2 

148.2882 

1749.7414 

.4 

167.7610 

2289.6100 

a 

129.1195 

1826.7024 

.8 

148J>97S 

1757.1685 

A 

168.0752 

2248.00SO 

«2 

129.4886 

1838.1668 

.4 

1489115 

1764.6012 

A 

168.3894 

2256.4175 

J 

129.7478 

1839.6458 

3 

149.2257 

1772.0646 

.7 

168.7085 

2264.8448 

.4 

180.0619 

1846.1410 

.6 

149.53:96 

1779.6287 

.8 

169.0177 

2278.2879 

^ 

180.3761 

1852.6520 

.7 

140.8540 

1787.0086 

.9 

169.8818 

2281.7466 

^ 

180.6908 

1859.1786 

A 

160.16ia 

1794.6091 

64.0 

169.6460 

2890.2210 

.7 

131.0044 

1865.7210 

.9 

150.4823 

1802.0254 

a 

169.9602 

2296.7112 

^ 

131.8186 

1872.2791 

48.0 

150.7904 

1809.6674 

.2 

170.2748 

2807.2171 

^ 

131.6327 

1878.8529 

a 

151.1106 

1817.1050 

A 

170.6885 

2816.7886 

4B.0 

181.9469 

1385.4424 

.2 

151.4248 

1824.6664 

A 

170.9026 

2824.2759 

.1 

182.2611 

1892.0476 

A 

151.7869 

1882.2476 

A 

171.2168 

2882.8289 

^ 

182.5752 

1898.6686 

A 

162.0581 

1889.8428 

A 

171.6310 

2841.8076 

0) 

182.8894 

1405.8061 

A 

162J»72 

1847.4628 

.7 

171.8461 

2819.9820 

^ 

188.2036 

1411.9574 

A 

162.6814 

1866.0790 

A 

172.1598 

28S6.6821 

^ 

188.5177 

1418.6264 

.7 

152.9056 

1862.7210 

.0 

172.4784 

2817.1979 

J8 

138.8318 

1426  J092 

.8 

168.8007 

1870.8788 

tt.0 

172.7876 

2835.8B9C 

.7 

184.1460 

1482.0086 

.9 

168.6289 

1878.0519 

.1 

178.1018 

28814767 

^ 

184.4602 

14S8.7288 

48.0 

158.9880 

1885.7410 

J2 

178.4160 

2808.1896 

J 

184.7748 

1445.4646 

.1 

154.2522 

1893.4467 

A 

178.7801 

2M1.8U8 

4t.« 

185.0886 

14S2.2012 

.2 

164.6664 

1901.1662 

A 

174.0448 

2C10j5U6 

a 

185.4026 

1466.9686 

.8 

164.8806 

1906.9024 

A 

174.8584 

24192227 

A 

185.7168 

1466.7415 

A 

166.1947 

1916.6648 

A 

174.6786 

2427  J485 

J 

MIOSIO 

1472.5862 

A 

1565068 

1924.4218 

.7 

174.9867 

4 

111.8461 

1479.8446 

A 

1563280 

1962JB061 

A 

17&J0Q0 

2M&4f71 

:jigi 

Ized  by 
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CtSdJSS» 


TABUB  ft  OF  ClBCIiES-COootiimedli 
Diameters  In  nntto  and  tenths. 


Ma. 

Clremif. 

Ar«A. 

DU. 

GireuBi; 

Am. 

DUk 

Cinnmt 

Am. 

745 

284.0487 

4359.1562 

80.7 

268.5265 

5114J977 

86.9 

278.0044 

6931.0206 

A 

234.3628 

4370.8664 

A 

268.8407 

5127.6819 

87.0 

278.8186 

6944.6787 

.7 

284.6770 

4382.5924 

.9 

264.1648 

5140.2818 

.1 

278.6827 

6968.859» 

J& 

284.9911 

4394.8841 

81.0 

264.4690 

5162.9974 

-2 

278.9469 

6972.0420 

S 

235.3058 

4406.0916 

.1 

264.7882 

6165.7287 

.8 

274.2610 

5985.7472 

VLO 

235.6194 

4417.8647 

.2 

255.0973 

5178.4757 

.4 

274.6762 

5999.4681 

.1 

235.9336 

4429.6535 

.8 

256.4115 

6191.2384 

.6 

274.8804 

6013.2047 

^ 

236.2478 

4441.4580 

.4 

265.7256 

6204.0168 

.6 

276.2085 

6026.9570 

S 

236.5619 

4453.2788 

.6 

286.0398 

6216.8110 

.7 

275A177 

6040.72S0 

A 

236.8761 

4465.1142 

.6 

266.3540 

5229.6206 

.8 

276.8818 

6064.6068 

J 

287.1902 

4476.9659 

.7 

256.6681 

6242.4463 

.9 

276.1460 

6068.8082 

^ 

287.5044 

4488.8332 

.8 

256.9823 

5255.2876 

88.0 

276.4602 

6062.1284 

.7 

287.8186 

4500.7168 

.9 

267.2964 

6268.1446 

.1 

276.7743 

6096.9642 

^ 

238.1327 

4512.6151 

82.0 

257.6106 

5281.0173 

.2 

277.08b6 

6100.8006 

.9 

238.4469 

4524.5296 

.1 

257.9248 

6293.9066 

.8 

277.4026 

6123.6681 

fHwO 

238.7610 

4536.4598 

.2 

258.2389 

5306.8097 

A 

277.7168 

6187.5411 

a 

289.0752 

4548.4057 

.8 

258.5531 

6819.7295 

A 

27a0309 

6161.4846 

^ 

289.3894 

4660.3673 

.4 

258.8672 

6332.6650 

A 

278.8451 

6166.8442 

^ 

239.7085 

4572.3446 

.6 

259.1814 

6845.6162 

.7 

278.6598 

6179.2698 

,4 

240.0177 

4584.8377 

.6 

289.4956 

6858.5882 

.8 

27^9734 

6193.2101 

^ 

240.3318 

4596.3464 

.7 

259.8097 

5871.5658 

.9 

279.2876 

6207.1666 

.6 

240  6460 

4608.3708 

.8 

260.1239 

6384.6641 

80.0 

279.6017 

622U860 

.7 

240.9602 

4620.4110 

.9 

260.4380 

6397.5782 

.1 

279.9169 

6285.1266 

A 

241.2748 

4632.4669 

8S.0 

260.7522 

5410.6079 

.2 

280.2801 

6249.1804 

S 

241.5885 

4644.5384 

.1 

261.0663 

5423.6534 

A 

280.6442 

6263.1496 

77.0 

241.9026 

4656.6257 

.2 

261.8806 

6436.7146 

A 

280.8584 

6277.1849 

.1 

242.2168 

4668.7287 

.8 

261.6947 

6449.7916 

.6 

281.1726 

6291.2856 

J8 

242.531C 

4680.8474 

.4 

262.0088 

5462.8840 

.6 

281.4867 

6806.8021 

A 

242.8151 

4692.9818 

.6 

262.8230 

5475.9923 

.7 

281.8009 

6819.8843 

A 

243.1598 

4705.1819 

.6 

262.6371 

5489.1163 

A 

282.1150 

6888.4822 

A 

243.4784 

4717.2977 

.7 

262.9518 

6502.2561 

.9 

282.4292 

6847  J968 

.6 

24a7876 

4729.4792 

.8 

263.2655 

6615.4115 

90.0 

282.7433 

6861.7251 

.7 

244.1017 

4741.6766 

.9 

268.5796 

6628.6826 

.1 

283.0575 

6875.6701 

A 

244.4159 

4758.8894 

84.0 

263.8988 

6541.7694 

.2 

288.8717 

6880.0800 

.9 

244.7301 

4766.1181 

.1 

264.2079 

6664.9720 

A 

288.6868 

6401.2078 

18.0 

246.0442 

4778.8624 

.2 

264.6221 

6668.1902 

A 

284.0000 

64184»96 

a 

245.8584 

4790.0225 

.8 

264.8863 

6681.4242 

A 

284.8141 

6482.0078 

:2 

245.6725 

4802.8988 

.4 

265.1604 

5594J6739 

A 

284.6288 

6446.6800 

A 

245.9867 

4815.1897 

.5 

265.4646 

5607.9892 

.7 

264.9426  >  6461.0701 

A 

246.8009 

4827.4969 

.6 

265.7787 

5621.2208 

.8 

286.2666  1  6475.8251 

A 

246.6150 

4839.8198 

.7 

266.0929 

6634.6171 

.9 

286.5706  6489.5066 

.6 

246.9292 

4852.1684 

.8 

266.4071 

6647.8296 

91.0 

286.8849  1  6S0S.8622 

.7 

247.2488 

4864.5128 

S 

266.7212 

5661.1678 

.1 

286.1991 

6618.1648 

A 

2473675 

4876.8828 

85.0 

267  0664 

6674.6017 

^ 

286J>188 

6632.6021 

» 

247.8717 

4889.2685 

.1 

267  8496 

6687.8614 

.8 

286.8274 

6646.6356 

l».0 

248.1858 

4901.6699 

.2 

267  6637 

6701^2867 

.4 

287.1416 

6561 J646 

a 

248.5000 

4914.0871 

A 

267  9779 

6714.6277 

.5 

267.4667 

6575.5406 

.2 

248.8141 

4926.5199 

A 

268.2920 

6728.0846 

.6 

267.7699 

6580.9804 

.8 

249.1283 

4938.9686 

A 

268.6062 

5741.4669 

.7 

288.0640 

6604.8266 

.4 

249.4425 

495L4828 

A 

268.9208 

5754.8951 

.8 

288.8962 

6616.7888 

A 

249.7566 

4963.9127 

.7 

209.2846 

5768.8490 

.9 

288.7124 

6688.1666 

.6 

260.0708 

4976.4064 

.8 

209.6486 

6781.8185 

92.0 

289.0266 

6647.6101 

.7 

250J849 

4988.8198 

.9 

269.8628 

5796.8038 

.1 

289.3407 

66e2J0e92 

.8 

250.6991 

6001.4469 

86.0 

270.1770 

580&8048 

J2 

289.6548 

6676AU1 

.9 

251.0188 

5018.9897 

.1 

2Va4911 

5822.8215 

.8 

269.9690 

6691.0847 

m-0 

251.8274 

^ 

270.8068 

6885.8589 

.4 

290.2682 

6705.5410 

.1 

251.6416 

5089.1225 

.8 

271.1194 

5849.4020 

A 

290.6978 

6720.0680 

.2 

261.9557 

5051.7124 

A 

271.4886 

6862.9669 

A 

290.9116 

6784.6006 

JB 

252.2099 

6064.8180 

A 

271.7478 

6876.6454 

.7 

291.2256 

6749.1542 

^ 

252i»40 

5076.9394 

A 

272.0619 

6890.1407 

.8 

291J»98 

6768.7288 

^ 

252.8962 

5089i>764 

.7 

272.8761 

5908.7616 

.0 

291.8640 

6778JQ62 

J6 

2682124 

5102.2292 

.S 

272.6002 

6917.8788 

96.0 

293.1061 

emjna 

^ 

-'ig 

Ized  by 
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•  OF  CIBiCIAaHpMMtaMO. 


Ma 

Maa 

Mtofl 

vteni 

iMMldl 

t«Btli 

•• 

\QrfmmL\    liw. 

Ma. 

drawl: 

Am. 

Ma. 

CIrauit 

Am. 

HI '292.4823 

'6807-5(250 

•&^ 

800.0221 

71d3.0276 

97.8 

307.2478 

7512.2078 

2   292.79&1  ,  6822J5G9 

.6 

300.3363 

71/*8.a366 

.9 

307.5619 

7527.67H0 

^   2S8.1106  '  6S36Ld(>16 

.7 

800.6504 

71«.0612 

•6.0 

307.8761 

"uA'lSmO 

.4   29S.4248    685L4680 

.8 

800.9646 

7206.1016 

.1 

308.1902 

755S.;^6.'^ 

^   ZS.7389    6«d.l4n 

.9 

301J2787 

7223.1577 

o 

9(8.5044 

7573.78:« 

.6,294.a331    6Sd0.8«19 

9C.0 

301.5929 

7238.2295 

.3 

308.8186 

7589.2161 

.7'29L3672    6895.5524 

.1 

801.9071 

7253.3170 

.4 

3uy.l327 

7604.6fri8 

■S,2»L6814    6910.2786 

^ 

302.2212 

7268.4202 

.6 

3U9.4469 

7620.1293 

^  .9   294^956    6925.0206 

Ji 

302.5^ 

7283.5391 

.6 

909.7610 

7635.6096 

HO   295J097    6839.7782 

.4 

302.8496 

7298.6737 

.7 

810.0752 

76f)1.1064 

J  ,  295.6239  '  6954.5515 

-5 

803J637 

7313.8240 

.8 

310.3894 

76C6.6170 

-»   296.9390    6969.8406 

.6 

303.4779 

7328.9901 

.9 

810.7035 

7682.1444 

^  296.2522  ,  6984.1453 

.7 

803.7920 

7344.1718 

••.0 

811.0177 

7697.6874 

.4  1  296.5663    6998.9658 

^ 

304.1062 

7359.3693 

.1 

811.8318 

7713.2461 

i   296.88i>5    7013.8019 

.9 

801.4208 

7374.5824 

.2 

811.6460 

7728.8206 

J5 1  297.1947 

7028.6538 

•7.0 

804.7345 

7389.8113 

3 

811.9602 

7744.4107 

.7,297.5088 

7<H3.5214 

.1 

805.0486 

7405.0669 

.4 

812.2743 

7760.0166 

.«' 297.8230 

7058.4047 

.2 

805.3628 

74203162 

JS 

812.6886 

7775.6382 

J 

298.1371 

7073.3037 

^ 

305.6770 

7485.6922 

.6 

812,9026 

7791.2754 

•»ii 

296.4513 

7068.2184 

.4 

306.9911 

7450.8839 

.7 

818.2168 

7806.9284 

.1 

298.7655 

7103.1488 

A 

306Jn53 

7466.1913 

S 

813.5809 

7822.6971 

.2 

299.0796 

71ia0950 

A 

806.6194 

7481.6144 

.9 

8188i51 

7838.2815 

J 

-299.3988 

7183.0668 

.7 

806.9S86 

7496.8632 

100^ 

814.1598 

7863.9616 

.4  299.7079 

714&0843 

i 


\ 


Cirmi 


■fereMCM  wben  ili«  ^Uaaaeter  baa  mare  than 
place  af  deeimals. 


Bta». 

Clns. 

Diam. 

Cln. 

1 
Diaa. 

dro. 

;■*-• 

Girt. 

Dl». 
.00001 

cm. 

A4109 

.01 

.061416 

.001 

.008142 

.0001 

.000314 

.000031 

.628819 

M 

.062882 

.002 

.006283 

.0002 

.000628 

.90002 

.000063 

^42478 

.08 

.094248 

.008 

.009425 

.0003 

.000942 

.00003 

.000094 

1.256637 

.04 

.128664 

.004 

.012566 

.0004 

.001257 

.00004 

.000126 

1^0796 

.06 

.157080 

.006 

.015706 

.0005 

.001671 

.00005 

.000157 

1.884906 

M 

.188496 

.006 

.018850 

.0006 

.001885 

.00006 

.000188 

1199115 

.07 

.219911 

.007 

.021991 

.0007 

.002199 

.00007 

.000220 

Z513274 

.08 

.251827 

.008 

.026138 

.0006 

.002518 

.00008 

.000251 

2.827488 

.09 

.282748 

.009 

.028274 

.0009 

.002827 

.00009 

.000288 

MaaMf(er-i8.i20BB 
CireanifareBaa  «■ 

Orcfordiaor       8.1 

•  UI06 


8am  of 
'9.738987 

>  .062882 

>  .018860 

>  .002827 
■    .000288 

9L828729 


Clreamfiee  — 
Dlaneter  «» 

DU  for  clrc  of 


9.823720 

Bum  of 
9.738937  «.  3.1 

.084792 

.062832  B»    .02 

.021060 

.018850  -•    .008 


.003110 

.002827  i-    .0009 


.000283 

J000283  ^    .00009 
8.18009 

Digitized  by\jOOglC 
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dBCLBBL 


TABUS  S  OF  CSmCiJUL, 


DlABUll 

n  vnlte 

Mi4 

tirolfUist  uin  «m9  a 

«4  iii«li«a. 

Ma. 

Cirtmmt, 

▲rau 

DU.  'cireuBf. 

1 

Area. 

Ma. 

ClresHif. 

Ana. 

»t.In. 

Feet. 

8q.a 

Ft.lD. 

Feet 

Bq.a 

FMn. 

Pert. 

8q.ft. 

•    0 

16.70796 

19.68495 

10  0 

S1.41593 

78.68982 

0  1 

.261799 

.005454 

1 

16.96976 

20.29491 

1 

31.67773 

T9.86427 

2 

^28599 

.021817 

2 

16.23166 

20.96577 

2 

81J«953 

81.17968 

8 

.785396 

.049087 

8 

16.49336 

21.64754 

3 

32.20132 

82.51680 

4 

LM7198 

.087266 

4 

16.75616 

22.84021 

4 

32.46812 

83.86807 

6 

1.808997 

.136354 

6 

17.01696 

23.04380 

6 

32.72492 

85.22U5 

6 

1.670796 

.196350 

6 

17.27876 

28.76829 

6 

82.98672 

86.69015 

7 

1.832596 

.267254 

7 

17.64056 

24.48870 

7 

83.24862 

87.97006 

8 

2.094395 

.349066 

8 

17.80236 

26.22001 

8 

83.51U62 

89.86086 

9 

2.356195 

■441786 

9 

18.06416 

25.96723 

9 

33.77212 

90.7625S 

10 

2.617994 

.546415 

10 

18.32506 

26.72535 

10 

34.08892 

92.17620 

11 

2.879798 

.659953 

11 

18.68776 

27.49439 

11 

34.29672 

98.59874 

1    0 

3.14159 

.785398 

•     0 

18.84956 

28.27433 

U   0 

34-%752 

95.03818 

1 

3.40839 

.921752 

1 

19.11136 

29.06519 

1 

84.81932 

96.47869 

2 

8.66519 

1.06901 

2 

19.37315 

29.86695 

2 

35.08112 

97.98470 

8 

3.92699 

1.22718 

8 

19.63495 

30.67962 

3 

a'»JM292 

99.40196 

4 

4.18879 

1.89626 

4 

19.89676 

31.60319 

4 

86.60472 

100.8800 

5 

4.45059 

1.57625 

6 

20.15855 

82.83768 

5 

86.86652 

102.8690 

« 

4.71288 

1.76715 

6 

20.42035 

38.18307 

6 

86.12832 

103.8880 

7 

4.97419 

1.96895 

7 

20.68215 

34.03937 

7 

86.39011 

105.8797 

8 

».23599 

2.18166 

8 

20.94895 

84.90659 

8 

86.66191 

106.9014 

» 

(.49779 

2.40528 

9 

21.20575 

85.78470 

0 

36.91871 

108.4840 

10 

6.76959 

2.63961 

10 

21.467;>5 

36.67373 

10 

87.17561 

109.9776 

11 

6.02139 

2.88525 

11 

21.72935 

87.57367 

11 

87.48731 

111.5820 

B    0 

6.28819 

8.14159 

7     0 

21.99115 

88.48451 

12  0 

37.69911 

113.097S 

1 

6.54498 

8.40886 

1 

22.26295 

89.40626 

1 

87.96091 

114.6786 

2 

6.80678 

3.68701 

2 

22.51475 

40.83802 

2 

38.22271 

116.2607 

8 

7.06858 

a97608 

8 

22.77655 

41.28249 

8 

88.48451 

117.8688 

4 

4.27606 

4 

23.08835 

42^23697 

4 

38.74631 

119.4678 

6 

7.59218 

4.58694 

5 

23.30015 

48.20286 

6 

39.00811 

121.0877 

6 

7.^898 

4.90874 

6 

23.66194 

44.17866 

6 

89.26991 

122.7185 

7 

8.11578 

5.24144 

7 

23.82874 

46.16686 

7 

39.63171 

124.8002 

8 

a37758 

5.68505 

8 

24.08664 

46.16396 

8 

89.79861 

126.0128 

9 

8.63988 

6.98957 

9 

24.84784 

47.17298 

9 

40.06631 

127.6768 

10 

8.90118 

6.80600 

10 

24.60914 

48.19290 

10 

40.81711 

129.8507 

11 

9.16298 

6.68184 

11 

24.87094 

49.22874 

11 

40.67891 

181.0360 

t    0 

9.42478 

7.06858 

8     0 

25.18274 

60.26548 

IS  0 

40.84070 

132.7828 

1 

9.68658 

7.46674 

1 

26.89454 

61.31818 

1 

41.10260 

184.4894 

2 

9.94838 

7.87580 

2 

26.65634 

52.38169 

2 

41.86430 

136.1575 

8 

10.21018 

8.29577 

8 

25.91814 

63.45616 

8 

41.62610 

137.8866 

4 

10.47198 

8.72665 

4 

26.17994 

64.54164 

4 

41.88790 

188.6268 

6 

10,78877 

9.16843 

6 

26.44174 

66.68782 

6 

42.14970 

141J771 

6 

10.99557 

9.62113 

6 

26.70354 

66.74602 

6 

42.41150 

143.1888 

7 

11.25787 

10.08478 

7 

26.96634 

67.86812 

7 

42.67830 

144.9114 

8 

11.61917 

10.55924 

8 

27.22714 

68.99218 

8 

42.98510 

146.6949 

9 

11.78097 

U.04466 

9 

27.48894 

60.13205 

9 

43.19690 

148.4893 

10 

12.04277 

11.64099 

10 

27.75074 

61.28287 

10 

48.46870 

150L2947 

U 

12.30467 

12.01823 

11 

28.01253 

62.44461 

11 

43.72060 

152.1109 

4    0 

12.56687 

12.56637 

9    0 

28.27433 

63.61726 

14  0 

48.98230 

153.9380 

1 

12.82817 

18.09642 

1 

28.53613 

64.80080 

1 

44.24410 

156.7761 

2 

13.06997 

13.68538 

2 

28.79798 

65.99526 

2 

44.60690 

157.6250 

S 

18.85177 

14.18625 

8 

2905973 

67.20068 

8 

44.76T70 

159.4849 

4 

18.61857 

14.74808 

4 

29.32153 

68.41691 

4 

46.02949 

161.8557 

6 

li875S7 

15.32072 

6 

29.58388 

69.64409 

6 

45.29129 

168.2874 

6 

14.18717 

15.90481 

6 

29.84518 

70.88218 

6 

45.66809 

165.1801 

7 

14.89887 

16.49882 

7 

30.10693 

72.13119 

7 

45.81489 

167.0886 

8 

14.68077 

17.10428 

8 

80.86878 

78.89110 

8 

46.07669 

168.9479 

9 

14.92257 

17.72056 

9 

80.63058 

74.66191 

9 

46.83849 

17D.87S3 

10 

15.18488 

18.84777 

10 

80.89288 

75.94864 

10 

46.60029 

172.8094 

11 

lfiL44616 

18.96501 

11 

81.16418 

77J28627 

11 

46.66209 

174.7565 

LriOO^. 
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TAMiM  S  •W 


J 

MaMBtenvfte 

aii4  twdftltfii  M  In  ibei  a 

ndiM 

hM. 

Bis. 

Oranni: 

Am. 

Ma. 

Ctreuill 

Am. 

Ma. 

ClrcaMf. 

Ana. 

Ftltt. 

lV«t. 

8q.lt 

FtlB. 

Vtot. 

8q.fl. 

FUn. 

1^1 

Sq.ft. 

U  0 

47.123» 

I7S.7146 

88  0 

82.88186 

814.1508 

88  0 

78Jffi882 

490.8789 

47ii866» 

17&68S5 

68i)9865 

816.7827 

78.80162 

494.1518 

47M749 

180.6684 

68.85645 

819.4171 

79.06842 

497.4407 

47.90929 

182.6542 

68.61725 

822.0623 

79.82521 

500.7404 

4&17109 

184.6568 

63.87905 

8217185 

7958701 

504X611 

48.48289 

186.6^ 

6L14065 

827.8656 

79.84881 

607.8727 

48.60469 

1886019 

64.40266 

880.0686 

80.11061 

510.7052 

48Lg6649 

190.7268 

64.66445 

832.7525 

80.87241 

514.0486 

40.21828 

192.7716 

64.92625 

835.4528 

80.68421 

517.4029 

49L48008 

lftL8278 

65J8806 

388.1630 

80.89601 

520.7681 

49.74188 

196.8960 

10 

65.44985 

840.8846 

10 

81.15781 

524.1442 

601)0866 

196.9780 

11 

65.71166 

848.6172 

81.41961 

527.5812 

!•  0 

6026548 

aOL0619 

81  0 

65.97845 

346.3608 

88  0 

81.68141 
81.94321 

580.9292 

6052728 

208J[618 

66.28625 

849.1149 

584J»60 

60.78908 

206^2725 

2 

66.49704 

851A02 

82.20501 

587.7578 

5L06068 

207.8942 

8 

66.73884 

854.6564 

82.46681 

641.1884 

6L81268 

»9.5268 

67.02064 

357.4434 

82.72861 

544.6800 

5L57448 

211.6706 

5 

67.28244 

360.2414 

82.99041 

648.0825 

51.88»28 

213.8216 

6 

67.54424 

368.0508 

88.25221 

551.5459 

d2il9S08 

215.9899 

7 

87.80604 

365.8701 

88.51400 

555.0202 

62J85988 

2181662 

6 

68.08784 

368.7006 

88.77580 

558.5054 

52.82168 

220J{588 

9168.82964 

8n.5424 

8108760 

562.0015 

80^8818 

222.5518 

10 

6859144 

374.3949 

84.29940 

565.5065 

68.14528 

224.7002 

11 

68.85324 

877.2584 

84.56120 

569.0264 

B  0 

58.40706 

226.9801 

n  0 

60.11504 

880.1327 

87   0 

84.82800 

572.5558 

68.66887 

229.2108 

60.87684 

888.0180 

85.08480 

576.0950 

58.83067 

231.4a26 

60.68864 

885S141 

85.84660 

579.6457 

54.19M7 

288.7050 

69.90044 

388.8212 

85.60840 

583.2072 

54.45427 

285J685 

70.16224 

391.7392 

85.87020 

586.7797 

54.71807 

238.2429 

70.42404 

394.6680 

86.13200 

690.36.^1 

5497787 

240i>282 

70.68588 

397.6078 

86.89880 

588.»-.74 

55.23967 

242.8244 

70.94768 

400.5585 

86.66560 

597.5626 

55J0147 

245.1815 

TOOIMS 

4085201 

86.91740 

601.1787 

55.76827 

247.4495 

71.47128 

406.4926 

87.17920 

604.8057 

56.Q2G07 

249.7784 

10 

71.78808 

409.4761 

87.44100 

606.4186 

56.28687 

252.1188 

11 

71.99488 

412.4704 

87.70279 

612.0924 

18  0 

66.54867 

254.4090 

88  0 

72.25668 

415.4756 

88  0 

87.96450 

615.7522 

56.81047 

256.8307 

1 

72.51843 

418.4918 

88.22639 

619.4228 

57.07227 

259.2062 

2 

72.78023 

421.5188 

88.48819 

623.1044 

S  1  57.S3407 

261.5667 

8 

78.04208 

424.5568 

88.74999 

626.7968 

57Ji9687 

268.9610 

4 

78.30388 

427.6057 

89.01179 

680.5002 

57J5766 

2B6J868 

5 

78.56563 

480.6654 

89.27359 

634  2145 

68.11846 

268J«25 

6 

78.82748 

488.7861 

89.53589 

637.9397 

58.88126 

2n.2296 

7 

74.06928 

436.8177 

80.79719 

641.6758 

58.64806 

278.6676 

8 

74.85103 

439.9102 

90.05899 

645.4228 

58.90486 

278.U65 

9 

74.61288 

443.0187 

90.32079 

649.1807 

10    d8.1«66 

278.5764 

10 

74.87462 

446.1280 

90.58259 

652.94U5 

llr».42Btf 

281.0471 

11 

75.13642 

449.2582 

90.84439 

656.7292 

19  0    Sa68026 

2B3.6287 

84  0  1  75.88622 

452.8898 

88  0 

91.10619 

660.5199 

69.95206 

280.0218 

1175.66002 

455.5364 

91.86799 

664.3214 

00.21886 

288.6247 

2  1  75.92182 

458.6043 

91.62979 

668.1339 

80.47B66 

.  291.0891 

8  1  76.18802 

461.8682 

91.89159 

671.9572 

6a78746 

.  298.5644 

4    76.44542 

465.0430 

92.15338 

675.7915 

6a999» 

.  296.1006 

5 

76.70722 

92.41518 

679.6867 

«lJZ6i06 

.  298.6477 

6 

76.96902 

471.4852 

92.67608 

683,4928 

81.50286 

1  801.2066 

7 

77.23082 

474.6477 

92.93878 

687.8597 

81.78iB6 

8087746 

8 

77.48262 

477.8711 

98.20058 

601.2877 

02.0«M5 

i  8088544 

9 

77.76442 

481.1065 

98.46288     695.1265 

10 

82.80825 

;  806.9161 

10 

7&01622 

4818507 

10 

98.72418     699.0262 

31 

mj&mob 

1  SlL5iB7 

11 

7BL27802 

487.6068 

U 

08.96508     702.9868 
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TABUS  S  OF  cmCTTW    (QoattoaW), 
m  vaito  aa4  twelMiai  as  In  feet  an« 


^ 


Ma. 

Clrami: 

Aim. 

Ma. 

CInuif: 

Ane. 

Ma. 

CtrniHit 

Arw. 

ft.  In. 

PfWt. 

Bq.n. 

Ftin 

Feet. 

Bq.ft. 

run. 

Feet. 

Bo.  ft. 

ao  0 

94.24778 

706.8588 

tt  0 

109.9557 

962.1128 

400 

125.6687 

1266iS871 

1 

94.S0958 

710.7908 

1 

110.2175 

966.6997 

1 

125.9256 

1261 J785 

2 

94.77188 

714-7841 

2 

110.4793 

971.2975 

2 

126.1878 

1267.1809 

8 

95.03318 

718.6884 

8 

110.74U 

975.9068 

8 

126.4491 

1272.8941 

4 

95.29498 

722.6586 

4 

111.0029 

980.5260 

4 

126.7109 

1277.6688 

6 

95.65ff78 

726.6297 

5 

111.2647 

965.1566 

6 

126.9727 

1282J9684 

6 

95.81858 

780.6166 

6 

1U.5265 

989.7980 

6 

127.2846 

128&249S 

7 

96.08088 

734.6145 

7 

111,7883 

994.4604 

7 

127.4968 

1288.6662 

8 

96.84217 

78&6288 

8 

112.0501 

999.1187 

8 

127.7681 

1298^40 

9 

96.60897 

742.6481 

9 

112.8119 

1003.7879 

9 

12&0199 

1804.2027 

10 

96.86577 

746.6737 

10 

112.6787 

1008.4731 

10 

128.2817 

1809i»424 

11 

97.12757 

750.7152 

11 

112.8865 

1013.1691 

11 

128.6485 

1314.8929 

n  0 

97.88937 

764.7676 

te  0 

113.0973 

1017.8760 

41  0 

128.8058 

1S20.2648 

1 

97.65117 

758.8810 

1 

113.8591 

1022.6939 

1 

129.0671 

1826.6267 

2 

97.91297 

762.9052 

2 

11^6209 

1027.8226 

2 

129.8289 

18S1J0099 

8 

98.17477 

766.9904 

8 

113J827 

1032.0623 

3 

129.5907 

U86.40a 

4 

98.43657 

771.0866 

4 

114.1445 

1036^128 

4 

129J525 

UM1J091 

6 

98.69887 

775.1984 

6 

114.4068 

1041.5748 

5 

130.1143 

1847.2261 

€ 

98.96017 

779.8118 

6 

114.6681 

1046.8467 

6 

130.8761 

maM» 

7 

99.22197 

783.4401 

7 

114.9299 

106U800 

7 

190.6879 

1S68J0898 

8 

99.48877 

787.5798 

8 

115.1917 

1055J»42 

8 

180.8997 

1868.6885 

9 

99.74557 

791.7804 

9 

115.4636 

1060.7298 

9 

13U616 

1868.9061 

10 

100.0074 

795.8920 

10 

115.7158 

10 

131.4288 

1874.4686 

11 

100.2692 

800.0644 

11 

115.9771 

1O70.8T28 

11 

13L6851 

1879J600 

ai  0 

100.5810 

804.24T7 

S7  0 

116JZ889 

1076.2101 

42  0 

181.9469 

1885.4424 

1 

100.7928 

808.4420 

1 

116.6007 

1080.0588 

1 

132.2087 

1890.0466 

2 

101.0546 

812.6171 

2 

116.7625 

1084.9185 

2 

182.4705 

1896.4698 

8 

101.8164 

816.8682 

8 

117.0243 

1089.7890 

3 

132.7828 

1401J9648 

4 

101.5782 

821.0901 

4 

117.2861 

1091.67a-> 

4 

182J041 

UmjSSM 

6  1101.8400 

825.8280 

6 

117.5479 

1099^29 

5 

138.2669 

1418.0676 

6 

102.1018 

829.6768 

6 

117.8097 

1104.4662 

6 

133.6177 

1418.8264 

7 

102.8686 

883.8865 

7 

118.0715 

1109.8804 

7 

138.7795 

1424.19a 

8 

102.6254 

888.1071 

8 

118.8333 

1114JX)66 

8 

134.0413 

1429.7787 

9 

102.8872 

842.8886 

9 

118.6951 

1119J416 

9 

134.8081 

1486J642 

10 

103.1490 

846.6810 

10 

118.8569 

1124J884 

10 

184.6649 

1440  J656 

11 

108.4108 

850.9844 

11 

119.1187 

1129.1462 

11 

184.8267 

1446.5780 

n  0 

108.6726 

855.2986 

S8  0 

119.8805 

118U149 

48  0 

185.0886 

1462.2012 

1 

108.9344 

859.6287 

1 

119.6423 

1139J0946 

1 

]86Ji60S 

1467.8868 

2 

104.1962 

863.9698 

2 

119.9041 

1144Xtt51 

2 

186.6121 

1468.4804 

8  104.4&80 

868.8068 

8 

120.1659 

1149.0866 

8 

185.8780 

1469^864 

4  104.7198 

872.6646 

4 

120.4277 

1154.0990 

4 

136.1857 

1474.8062 

5  1104.9816 

877.0384 

6 

120.6895 

1169.1222 

6 

186.8975 

1480.4810 

6  ;i(6.24S4 

881.4181 

6 

120.9518 

1164J561 

6 

136.6608 

1486J697 

7  1105.5062 

885.8087 

7 

121.2181 

1169.2015 

7 

186.9211 

1491^»8 

8  1105.7870 

890.2052 

8 

12L4749 

1174.2575 

8 

187.1829 

1497.5798 

9  106.0288 

894.6176 

9 

121.7367 

1179.3244 

9 

187.4447 

lfi06JMn2 

10 

106.2906 

899.0409 

10 

121.9985 

1184.4022 

10 

187.7066 

U09J0886 

11 

106.6524 

908.4751 

11 

122.2603 

1189.4910 

11 

187.9688 

1B14.7767 

S4  0 

106.8142 

907.9208 

»  0 

122.5221 

1194.6906 

44  0 

1882801 

1620.5808 

] 

107.0759 

912.8768 

1 

122.7889 

1199.7011 

1 

188.4919 

16262969 

2 

107.8377 

91&8488 

2 

123.0467 

1204.8226 

2 

188.7587 

1682.0718 

8 

107.5995 

92lJmi 

8 

128.8076 

1209.9550 

8 

189J0185 

1687.8667 

4 

107.8618 

925.8099 

4 

128.6698 

1215J0982 

4 

189.2778 

1548J6666 

5 

108.1281 

960J096 

6 

128.8811 

1220.2524 

6 

189.6891 

1549.4661 

6 

108.3849 

984J202 

6 

124.0929 

1225.4176 

6 

189J009 

1665.2847 

7 

108.6467 

989.8417 

7 

124.8647 

1280.6965 

7 

140.0627 

16«L116e 

8 

108.9065 

94&8741 

8 

124.6166 

1285.7804 

8 

1400046 

1686.9666 

9 

109.1706 

M&4174 

9 

124.8788 

1240.9782 

9 

140.6868 

15728089 

V) 

109.4821 

962J716 

10 

126.1401 

1246.1809 

10 

140.8481 

1678J921 

U 

109.6869 

967.5W7 

11 

126.4019 

1261.4065 

U 

141.1089 

1684.54n 

Digitized  by\jOOglC 


OIBCIiEa. 

TABIX  S  OF  CIBClJB»-(CoiiUimed). 
•S  aa  in 


17S 


IMa. 

drevsC 

Arcs. 

Dto. 

Clrcimt 

ATM. 

IHa. 

Onmmt 

Area. 

Ft-Io. 

Feet. 

Sq.ft. 

Pt.In. 

Feet 

sq.n. 

FLIn. 

Foet 

Sq.ft, 

tf   0 

14LS717 

1590.4313 

50  0 

157.0796 

1963.4964 

65   0 

172.7876 

2875.8294 

141.6335 

1508.3272 

157.8414 

1970.0468 

173.0194 

2383.0844 

141.8963 

1602.2341 

157.6082 

1976.6072 

178.8112 

289a2502 

142.1571 

1608.1518 

157.8650 

1983.1794 

173.5730 

2397.4770 

142L4189 

1614.0806 

158.1268 

1989.7626 

173.8348 

2404.7146 

142L6807 

1620.0201 

158.3886 

1996.3667 

174.0966 

2411.9682 

14319105 

1625.9705 

158.6S04 

2002.9617 

174.8684 

2419.2227 

14312043 

1631.9319 

158.9122 

2009.5776 

174.6202 

2426.4981 

143.4661 

1637.9042 

159.1740 

2016.2044 

174.8820 

2488.7744 

143.7279 

1643.8874 

159.4358 

2022.8421 

1751438 

2441.0666 

143.9897 

1649.8816 

159.6976 

2029.4907 

1764056 

2448.8697 

144.2515 

1655.8866 

159.S594 

2036.1502 

1756674 

2456.6887 

«  0 

144.5183 

1661.9025 

51   0 

160.2212 

2042.8206 

66   0 

175.9292 

2468.0066 

144.7751 

1667.9294 

160.4830 

2049.5020 

176.1910 

2470.8445 

14&0868 

1673.9671 

160.7448 

2056.1942 

176.4528 

2477.6912 

145.2987 

1680.0158 

161.0066 

2062.8974 

176.7146 

2485.0489 

145.5606 

1686.0753 

161.2684 

2069.6114 

176.9764 

2492.4174 

145.8223 

1692.1458 

161.5302 

2076.3364 

1T7.2882 

2499.7969 

146lQ841 

1698.2272 

161.7920 

2083.0723 

177.5000 

2507.1878 

146.3459 

1704.3195 

162.0538 

2089.8191 

177.7618 

2514.5886 

146u6Qi77 

1710.4227 

162.3156 

2096.5768 

17&0236 

2522.0008 

140.8895 

1716.5368 

162.5774 

2103.3454 

178.2854 

2529.4289 

147.1813 

1722.6618 

162.8892 

21iai249 

178.5472 

2586.8679 

147.8931 

1728.7977 

163.1010 

2116.9153 

178.8090 

2544.8028 

fi   0 

147.6649 

1734.9445 

ifi^O 

163.3628 

2123.7166 

57    0 

179.0708 

2551.7586 

147.9167 

1741.1028 

1 

163.6246 

2130.5289 

179.3826 

2569.2254 

14ai786 

1747.2709 

163.8864 

2137.3520 

179.5944 

2566.7080 

148.440S 

1753.4506 

164.1482 

2144.1861 

179.8562 

2574.1916 

14a  7021 

1789.6410 

4 

164.4100 

2151.0310 

180.1180 

2581.6810 

148.9639 

1765.8423 

fC 

164.6718 

2157.8869 

180.3798 

2589.2014 

149.2257 

1772.0546 

164.9336 

2164.7587 

180.6416 

2596.7227 

149.4875 

1778.2'/7« 

165.1954 

2171.6314 

180.9034 

2604.2549 

149.7492 

1784.5119 

165.4572 

2178.5200 

181.1652 

2611.7980 

150.0110 

179a7569 

1657190 

2185.4195 

181.4270 

2619.3520 

160.2728 

1797.0128 

165.9808 

2192.3299 

181.6888 

2626.9169 

150.5346 

1808.2796 

166.2426 

2199.2512 

181.9606 

2634.4927 

IS  0 

150.7964 

1809.5574 

58   0 

166.5044 

2206.1834 

58   0 

182.2124 

2642.0794 

151.0582 

1815.8460 

166.7662 

2213.1266 

182.4742 

2649.6771 

161.8200 

1822L1456 

167.0280 

2220.0806 

182.7360 

2657.2866 

151.5818 

1828l4660 

167.2898 

2227.0456 

182.9978 

2664.9061 

151.8436 

1834.7774 

167.6516 

2234.0214 

183.2506 

2672.5854 

152.1054 

1841.1096 

167.8134 

2241.0082 

183.5214 

2680.1767 

152.3872 

1847.4528 

168.0752 

2248.0059 

183.7882 

2687.8289 

152.6290 

1868.8069 

168.3370 

2255  0145 

184.0450 

2695.4920 

152.8908 

186ai719 

168.5988 

2262.0340 

184.8068 

2708.1659 

158.1526 

1866.5478 

168.8606 

2269.0644 

184.5686 

2710.8508 

10 

153.4144 

1872.9346 

169.1224 

2276.1057 

I8i«304 

2718.5467 

u 

153.6762 

1879.8824 

169.8842 

2283.1579 

185.0922 

2726.2584 

m  0 

153.9380 

1886.7410 

54   0 

169.6460 

2290.2210 

60   0 

185.8540 

2788.9710 

154.1998 

1892.1605 

169.9078 

2297.2961 

185.6158 

2741.6996 

154.4616 

1888.5910 

170.1606 

2304.3800 

1858776 

2749.4390 

1547234 

1906.0828 

170.4314 

2311.4759 

186.1394 

2757.1898 

154.9852 

1911.4846 

170.6932 

23ia5826 

186.4012 

2764.9506 

156.247G 

1917.9478 

170.9660 

2325.7008 

186.6630 

2772.7228 

156.5088 

1921^8 

171.2168 

2832.8289 

186.9248 

2780.5068 

155.7706 

1930L9068 

171.4786 

2889.9684 

187.1866 

2788.2998 

156.0824 

1987.4027 

171.7404 

2347.1188 

187.4484 

2796.1047 

156.2942 

1948.9096 

172.0022 

2854.2801 

187.7102 

2803.9206 

10 

166.5560 

1950.4278 

10 

172.2640 

2361.4523 

187.9720 

2811.7472 

11 

196.8178 

11 

172.5258 

2868.6854 

188.2338  1  2819.5849 
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OIBCLEB. 


TABUB  9  OF  €imc&]S8-<P(ntfn«>)- 
Btenw  111  viiits  and  twelfKhs;  88  In  flset  Mid 


vu. 

Clreaaif. 

Ana. 

Ma. 

ClrBmf. 

Ana. 

Dla. 

ClrcDifl 

Ana. 

Ft.lD. 

fMt. 

Sq.ft. 

Ft.In. 

Feat. 

8q,ft 

Pt.Iii. 

V^t. 

8q.ft. 

«0  0 

188.4868 

2827.4884 

66  0 

204.2085 

8318.8072 

70  0 

219.9115 

88404510 

1 

188.7574 

2885.2928 

1 

2014658 

«a>3«<»i«> 

1 

2201788 

8897J6194 
8806.7968 

2 

]89j0192 

28480632 

2 

204.72n 

8885.8460 

2 

2204851 

3 

189.2810 

285L0444 

8 

204.9889 

8843.8818 

8 

220.6869 

8875  Je90 

4 

1895128 

2858.9866 

4 

205.2507 

8852^4284 

4 

2209587 

888509Q2 

6 

189.8046 

2866.8897 

5 

205.5125 

3860.9660 

6 

221.2205 

88814022 

6 

190JXM 

2874.7586 

6 

205.7748 

3369.5545 

6 

22L4828 

8008jQ252 

7 

190JB282 

2882.6785 

7 

206.0361 

8878.1389 

7 

221.7441 

8912.8591 

8 

190.5900 

2890.6148 

8 

206.2979 

8386.7241 

8 

222.0069 

8922O089 

9 

190.8518 

2896i)610 

9 

206.5597 

3895.8253 

9 

222.26n 

8931 J606 

10 

1910186 

2906.5186 

10 

206.8215 

8408.9375 

10 

222.5295 

a940je262 

U 

191.3754 

2914.4871 

U 

207.0688 

8412.5605 

11 

222.7918 

8969.9087 

Ct  0 

19L6872 

2922.4666 

68  0 

207.8451 

84210944 

71  0 

228.0581 

89S9.1921 

1 

191.8990 

2930>1569 

1 

207.6060 

8429.8892 

1 

228.8149 

8008.4915 

2 

1920608 

298&4581 

2 

207.8687 

8488.4950 

2 

2205767 

8077  J017 

» 

192.4226 

2946.4703 

8 

206.1806 

34470616 

8 

228.8885 

88670229 

4 

192.6848 

2954.4934 

4 

208.8928 

8455.8892 

4 

224.1006 

8996.4549 

5 

192.9461 

2962.5278 

6 

206.6541 

8464.5277 

5 

2218621 

4005.7979 

6 

198.2079 

29706722 

6 

208.9159 

8473.2270 

6 

2216239 

40150518 

7 

193.4697 

297&6280 

7 

209OTn 

8481.9378 

7 

224.8857 

4024J5165 

8 

198.7815 

2986.6947 

8 

209.4895 

8190.6585 

8 

225.1475 

4088J8022 

9 

198.99S: 

2994.7728 

9 

269.7018 

8499.8906 

9 

225.4008 

40e.2;88 

10 

194.2551 

8002.8608 

10 

209.9631 

86080386 

10 

226.6711 

40S2JS968 

11 

194.5169 

3010J602 

U 

210.2249 

8516.8875 

11 

225.9329 

4062J0648 

tt  0 

194.7787 

8019.0705 

m  0 

210.4867 

8525J6524 

n  0 

226.1947 

4071J6041 

1 

195.0405 

80270918 

1 

210.7485 

3584.4281 

1 

2204565 

4080J934S 

2 

X95.S028 

3035.8289 

2 

211.0103 

8548.2147 

2 

226.7188 

4000  J755 

8 

196.5641 

304&4670 

8 

211.2721 

8552.0128 

8 

226.9801 

4009JB275 

4 

195.8259 

8051.6209 

4 

211.5889 

8560.8207 

4 

227.2119 

41092905 

5 

196.0877 

9059.7858 

5 

211.7967 

S569J5401 

6 

227.5087 

4118.7648 

6 

196.3495 

3067 J616 

6 

212.0575 

8578.4704 

6 

227.7655 

4128.2491 

7 

196.6113 

30760488 

7 

212.3198 

8587.8116 

7 

228.0278 

4187.7448 

8 

196J781 

3084UM59 

8 

212.5811 

85960687 

8 

228.2891 

4147.2514 

9 

197.1849 

W92.5544 

9 

212.8429 

8605.0267 

9 

2206609 

4156.7689 

10 

197.8967 

3100.7738 

10 

218.1047 

8613J006 

10 

2208127 

4106.2973 

11 

197.6585 

8109i)041 

11 

218.8665 

8622.7854 

U 

229.0745 

4175JB866 

m  0 

197.9203 

3117.2458 

68  0 

213.6288 

8681.6811 

78  0 

229.8868 

4185^808 

1 

1980821 

8125.4974 

1 

218.8901 

8640.5877 

1 

229.5961 

4194J9479 

2 

198.4439 

8183.7605 

2 

214.1519 

8649.5058 

2 

229.8509 

4204J5200 

8 

198.7057 

8142.0344 

8 

214.4187 

8658.4387 

8 

2801217 

4214.1029 

4 

198.9675 

3150.8198 

4 

214.6755 

8667.8731 

4 

2808885 

4228je968 

5 

199J293 

815&6151 

6 

214.9373 

8676je284 

5 

280.6458 

4288J8016 

6 

199.4911 

3166^217 

6 

215.1991 

8685.2845 

6 

280.9071 

42I2J9172 

7 

199.7529 

8175J2393 

7 

215.4609 

8694.2566 

7 

28U689 

42Sej5488 

8 

200.0147 

8188s5678 

8 

215.7227 

8703.2896 

8 

281.4807 

42620818 

9 

200.2765 

819L9072 

9 

215.9845 

8712.2885 

9 

281.6926 

t271J897 

10 

200.5388 

8200.2576 

10 

216.2463 

8721J2888 

10 

281.9648 

428L4800 

11 

200.8001 

3208.6188 

11 

216.5081 

8780.2640 

11 

282L2161 

4291.1692 

M  0 

201.0619 

8216.9909 

69  0 

216.7699 

8789.2807 

74  0 

282.4779 

4800  J408 

1 

201.3237 

8225.8788 

1 

217.0317 

8748.8182 

1 

282L7B97 

4810.5824 

2 

201.5855 

8288L7679 

2 

217.2965 

8797  JK66 

2 

2800015 

4820.2858 

8 

201.8478 

8242L1727 

8 

211.5668 

3766.4260 

8 

2802688 

4829.9492 

4 

202.1091 

32605885 

4 

217.8171 

8775.4962 

4 

2806251 

4889.6789 

8 

202.8709 

8259J0151 

6 

218.0789 

8784.5T74 

5 

2807869 

48M.4096 

6 

202.6327 

8267.4527 

6 

218.8407 

8793J6695 

6 

2810487 

4869.1562 

7 

902.8945 

8275.9012 

7 

218.6025 

8802.7725 

7 

2818105 

48809186 

8 

208.1568 

8284J)606 

8 

218.8648 

8811J864 

8 

284.5728 

487&6820 

9 

20B.4181 

8292.8309 

9 

219.1261 

8821i)112 

9 

284J841 

48804618 

10 

208.6799 

8801.8121 

10 

219J8f79 

88800469 

10 

285.0969 

48009615 

U 

208.9417 

8809.8042 

11 

219.6497 

8889.2985 

11 

285.8576 

44006606 

igitizedbyA^UUy  . 
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S  #F 


M  te  «M*  Mi«  A 


feet. 


238L1430 

23S.6666 
226.92S1 
2^70902 
237.4520 
237.7138 
721SnS6 

288.4992 
238.7610 
239.0228 
230.2846 
239^464 


240.0700 
aiO.3318 
240.5936 
210.8654 
'itLU72 
24L8790 
2iliI408 
241.902S 
24Z1644 
242.42S2 
2^6880 
242.9498 
213^116 
243.4734 
213.7352 
243.9970 
244.2588 
244^206 
244.7824 
245.0442 
245.3060 
245.5678 
245.8296 
246.0914 
246.8532 
246.6150 
246.8768 
247.1386 
247.4004 
247.6622 
247.9240 
24&1858 
24&4476 
24&7094 
24&9712 
249.2830 
249.4918 
249.7566 
250.0184 
250J2802 
250.5420 
250.8088 
251UI666 


JkTM.     VUu  Ghvoif.     IrMb 


4417.8647 
4427J6876 
4437^14 
4447JK62 
4457.2218 
4467.0684 
4476.9659 
4486.8543 
4496.7536 
450&6637 


4516.5849 
4526.5169 
45364598 
4546.4136 
4556.3784 
4566.3510 
4576w3406 
4586.8380 
4596.3464 
4606J657 
4616.3959 
4626.4370 
4636.4800 
4646.5519 
4656.62S7 
4666.7104 
4678.8061 
4686.9126 

47070584 
4717.2B77 
4727.4479 
4737.6090 
4747.7810 
4757.9639 
476&1577 
477&d624 
47885781 
4796.8046 
4809.0420 
4819.2904 
4829.5197 
4839.8196 
4850.1009 
4860.3929 
48706958 
4881X)096 
4891.3343 
4801.6699 
4912.0166 
492213739 
4932.742B 
4943.1215 
4953^117 
4968.9127 
4974.3247 
4984.7476 
49950814 
5005.6261 
6016J0617 


FOn. 

80  0 

1 
2 
8 
4 
6 
6 
7 
8 
9 
10 
11 

81  0 
1 
2 
8 
4 
5 
6 
7 
8 
9 

10 

11 

8i  0 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
U 
88  0 
1 
2 
8 
4 
6 
6 
7 
8 
9 
10 
11 
84  0 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
U 


Wmt. 

251.8274 


251.8510 
2520128 
252.3746 
252j6864 
252.8982 
253.1600 
258.4218 
253.6836 
253.9454 
254.2072 
254.4680 
254.7308 
254.9926 
356.2544 
25&5162 
255.7780 
256.0398 
256J016 
256.5634 
2568252 
257.0670 
257.8488 
257.6106 
257.8724 
2581342 
258.3960 
258.6^78 
2589196 
259.1814 
269.4432 
259.7050 
259.9668 
260.2286 
260.4904 
360.7522 
261.0140 
261.2758 
261.5376 
261.7994 
262.0612 


262.5848 
262.8466 
263.1084 
268.8702 
268.6320 


264.1556 
264.4174 
264.6792 
264.9410 
265.2028 
265.4646 
265.7264 
265.9682 
266.2600 
266J5118 
266.7736 


84.  ft 
6026J54fl2 


5037J)257 
5047^140 
6058J0188 
6068.5234 
5079^)445 
5089.57C4 
510G.1198 
bllOJBlZl 
512L2378 
5131.8134 
5142.3999 
5152.9974 
5168j6057 
5174.2249 
5184.8551 
5195.4961 
52061481 
5216^110 
5227.4847 
5Z3&1694 
624&8650 
5259.5715 
527a2889 
528IX)173 
5291.7565 
5302^066 
5813.2677 
5324.0896 
5884.8225 
6845.6162 
5356.4209 
5367.2865 
53780680 
5S889004 
5399.7487 
5410.6079 
5421.4781 
5432.8691 
5443.2511 
5454.1539 
5465.0677 
5475.9928 
54869279 
5497.8744 
56088818 
6519.8001 
5580.7798 
5541.7694 
5662.7706 
5568.7824 
5574.8053 
5585.8390 
5596.8887 
5607iffi92 
5619.0057 
5630i)881 
56410714 
5652.2706 
5668.8807 


DIa.  Cimar.     Antu 


rton. 

86  0 

1 

2 

8 

4 

5 

6 

7 

8 

9 
10 
11 

86  0 
1 
2 
8 
4 
5 
6 
7 
8 
9 

10 
11 

87  0 
1 
2 
8 
4 
5 
6 
7 
8 
9 

10 
11 

88  0 
1 
2 
8 
4 
5 
6 
7 
8 
9 

10 
11 
88  0 

1 

2 

8 

4 

5 

6 

7 

8 

9 
10 
U  ^ 

igitizea  oy  VjOv>' v 


V«6t 

267.0854 
267.2972 
267.5690 
267.8208 
268.0826 
268.8444 
268.G062 
268.8680 
260.1298 
269.8916 
269.6534 
269.9152 
2700770 
270.4388 
270.7006 
270.9624 
271.2242 
271.4860 
271.7478 
272.0096 
272.2714 
272.5332 
272,7960 
273.0568 
278.3186 
278.5804 
273.8422 
274.1040 
274.8658 
274.6276 
274.8894 
275.1512 
275.4130 
276.6748 
275.9366 
276.1984 
276.4602 
276.7220 
276.9838 
277.2466 
277.5074 
277.7692 
278.0309 
278.2927 
278.5545 
278.8168 
279.0781 
279.3399 
279.6017 
279.8635 
280.1253 
280.8871 
280.6489 
280.9107 
281.1725 
281.4343 
281.6961 
281.9579 
282.2197 
282.4815 


8q.ft. 
6674.5017 
5685.6387 
5696.7765 
5707.9302 
5719.0»19 
5730J2705 
6741.4569 
5752.6543 
5763.8626 
5T75.0818 
5786.8119 
5797.*Vj29 
5808.8048 
5820.0676 
5881.3414 
5842.6260 
5863.9216 
5865.2280 
5876.5464 
5887.8737 
5899.2129 
5910.5630 
5921.9240 
5983.2959 
5944.6787 
5966.0724 
5967.4771 
5978.8926 
5990.3191 
6001.7664 
60182047 
6024.6639 
6086.1340 
6047.6149 
60690068 
6070.6097 
6082.1284 
6093.6480 
6105.1835 
6116.7300 
6128.2873 
6139.8.^66 
6161.434b 
6163.0248 
6174.6258 
6186.2877 
6197.8605 
6209.4942 
6221.1388 
6232.7944 
6244.4608 
6256.1382 
6267.8264 
6279.5256 
6^1.2866 
6302.9566 
6314.6885 
6826.4818 
6838.1860 


i 
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TABI«E  S  OF  <nR€I«C8-(Contiaii«d). 
Dlmiui  in  units  nnd  (weilUiss  u  in  foet  nnd  inekcN. 


ma. 

arauif. 

Aret. 

Dla. 

Cireanf. 

Are.. 

Dla. 

Cireanf. 

ArM. 

Ft.In. 

Feet. 

Sq.ft. 

PtJn. 

Feet. 

Sq.a 

Ft.In. 

Feet. 

•    8q.ft, 

90  0 

282.7483 

6361.7251 

98  5 

298.4771 

6853.9184 

90  9 

803.9491 

7351.7686 

1 

283.0051 

6378.6116 

6 

293.7889 

6866.1471 

10 

804.2109 

7864.4386 

2 

283.2669 

6385.8089 

7 

294.0007 

6878.8917 

11 

804.4727 

7377.1195 

8 

283.5287 

6397.1171 

8 

294.2626 

6890.6472 

97   0 

804.7345 

7389.8113 

4 

283.7905 

6108.9363 

9 

294.6243 

6902.9135 

1 

804.9963 

7402.6140 

6 

284.0523 

6420.7663 

10 

294.7861 

6916.1908 

2 

805.2581 

7415.2277 

6 

284.3141 

6432.6078 

11 

295.0479 

6927.4791 

8 

805.5199 

7427.9522 

7 

284.6759 

6444.4592 

94  0 

296.8097 

6939.7782 

4 

805.7817 

7440.6877 

8 

284.8377 

6456.3220 

1 

295.6715 

6952.0682 

5 

806.0485 

7458.4840 

9 

285.0995 

6468.1ft57 

2 

295.8383 

6964.4091 

6 

806.8058 

7466.1913 

10 

285.3613 

6480.U808 

8 

296.0951 

6976.7410 

7 

806.6671 

7478.96» 

11 

285.6231 

6491.9758 

4 

296.3569 

6989.0887 

8 

306.8289 

7491.7885 

91    0 

285.8849 

6503.8822 

5 

296.6187 

7001.4374 

9 

807.0907 

7604.6285 

1 

286.1467 

6515.7995 

6 

296.8805 

7013.8019 

10 

307.8525 

ibiijsm 

2 

286.4085 

6527.7278 

7 

297.1423 

7026.1774 

11 

807.6143 

7580.1412 

8 

286.6703 

6539.6669 

8 

297.4041 

7088.5638 

98  0 

807.8761 

7642.9640 

4 

286.9821 

6551.6169 

9 

297.6669 

7050.9611 

1 

808.1879 

7555.7976 

6 

287.1989 

6563.5779 

10 

297.9277 

7063.3693 

2 

808.8997 

7568.6421 

6 

287.4567 

6575.5498 

11 

298.1895 

7075.7884 

8 

808.6615 

7681.4976 

7 

287.7176 

6587.5326 

96  0 

298.4513 

7088.2184 

4 

808.9233 

7694.8639 

8 

287.9793 

6699.5262 

1 

298.7181 

7100.6693 

6 

809.1861 

7607.2412 

9 

288.2411 

6611.6308 

2 

298.9749 

7113.1112 

6 

809.4469 

7620.1298 

10 

288.6029 

6623.5468 

8 

299.2367 

7125.6739 

7 

309.7087 

7638.0284 

11 

288.7647 

6636.6727 

4 

299.4985 

7138.0476 

8 

809.9705 

7645.9384 

99    0 

289.0265 

6647.6101 

5 

299.7603 

7160.5321 

9 

810.2323 

7658.8593 

1 

289.2883 

6659.6683 

6 

800.0221 

7163.0276 

10 

310.4941 

7671.7911 

2 

289.5501 

6671.7174 

7 

300.2839 

7175.6340 

11 

310.7559 

7684.7888 

8 

289.8119 

6683.7875 

8 

300.6467 

7188.0513 

99  0 

811.0177 

7697.6874 

4 

290.0737 

6695.8684 

9 

300.8076 

7200.6794 

1 

811.2795 

7710.6619 

5 

290.3355 

6707.9603 

10 

801.0693 

7213.1186 

2 

811.6413 

7723.6274 

6 

290.6978 

6720.0630 

11 

301.8311 

7225.6686 

8 

311.8031 

7786.6187 

7 

290.8691 

6782.1767 

96  0 

301.6029 

7288.2296 

4 

812.0649 

7749.6109 

8 

291.1209 

6744.8013 

1 

301.8647 

7250.8018 

5 

812.8267 

7762.6191 

9 

291.3827 

6756.4868 

2 

302.1165 

7263.3840 

6 

812.6885 

7776.6883 

10 

291.6445 

6768.5882 

8 

302.8783 

7275.9777 

7 

812.8503 

7788.6681 

11 

291.9063 

6780.7405 

4 

302.6401 

7288.6822 

8 

313.1121 

7801.7090 

99    0 

292.1681 

6792.9087 

5 

302.9019 

7801.1977 

9 

313.8789 

7814.7608 

1 

292.4299 

6806.0878 

6 

308.1687 

7313.8240 

10 

313.6357 

7827.8286 

2 

292  6917 

6817.2779 

7 

303.42^5 

7326.4613 

11 

313.8975 

7840.8971 

3 

292.9535 

6829.4788 

8 

308.6873 

7339.1095 

too  0 

814.1693 

7863.9816 

4 

293.2163 

6841.6907 

as: 

Olnsomr. 
ftot 

DUm. 

iBOh. 

ClroniDf, 
foot 

.057269 

Sis-. 

27-64 

Ctroninf, 

fbmL 
.110447 

2S: 

6-8" 

Cfreaair, 
ft»ot. 

.163625 

Dlim, 
63-64 

Clraooif, 

164 

.004091 

7^2 

~216803 

1-32 

.008181 

I&^ 

.061359 

7-16 

.114687 

41-64 

.167716 

27-32 

.220(>93 

8^ 

.012272 

x^ 

.066460 

29-64 

.118628 

21^ 

J71806 

66-64 

^224984 

1-16 

.016362 

.009540 

16^ 

J22718 

48-64 

.176896 

7-8 

.229074 

fi^ 

.020458 

9^2 

.0736:51 

81-64 

J26809 

11-16 

.179987 

67-64 

.23S16f 

8^ 

.024544 

19-64 

.077722 

^ 

.130000 

46-04 

.184078 

29-82 

.237256 

V?* 

X)28634 

M6 

.081812 

.134990 

2M2 

.188168 

69-64 

.241346 

^ 

i)32725 

21-64 

.086903 

17-32 

J39081 

47-64 

J92269 

16-16 

.246437 

.086816 

11-82 

.089994 

86-64 

.143172 

4& 

.196360 

61-64 

.249628 

6^82 

.040908 

23-64 

.094084 

9-16 

.147262 

.200440 

31-32 

.263618 

11-64 

J044097 

A 

.098175 

87-64 

.1613&3 

26-82 

.204581 

63-64 

.267709 

8>16 

.040087 

.102266 

19^ 

.166443 

61-64 

.206621 

1 

1844     /)68178 1 

1^88 

.106366 

89-64 

.169534 

13-16 

J212712 

digitize 

dby\jUi 

Ji<..     ■ 
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e 

Bokilbr  nc.  1  asplT  to  all  mtm 
*       "Kg.  2      " 


•qoal  to,  or  lew  thao.  *  wml-circle. 

or  greater  than,  a  lemi-oiroltL 


Clftordf  a  b,  ot  'wliole  arc,  adb, 

2  X  \/ridlirt«  —  (radTuf  —  rtie)*.    Pig.  1. 

2  X  v/sadiu^  —  (riM  —  radiua)3.    Fig.  2. 

2  X  v/ri«e  X  (2  X  MdliM  —  rise).    Figs,  land X 

2X  ndliM  X  afQeof  }iac6.    Figa.  1  and  2. . 

8X   — ??V-i-T^   Flga.land2. 

Figii.  1  and  2. 


tangent  ot  ahd.* 
'iXdblX  cosiiwof  a6d.* 

-  S  X  \/dlfl  —  rtaA    FIgp.  1  and  2.| 

-  avpraximatoly  8  X  <i<>2  —  8  X  length  of  arc  a  dbf. 


i 

i 


F|g.L 


•2w 


,  aro»d6indegreea 
360 


Ttemffiiikt  adb. 


.  Figs,  land  2; 


^.01745  X  ndlii*  X  arc  ad  Mndegriea.    Fig>.land2. 


•  dicamfoiviice  of  circle  —  length  of  imatt  arc  subtending ang^e  ack,    Fl^.  S, 

8  X  d62  —  chord  a6.**    ^     , 

•  appnncimately g ng.  1. 


•abdii  —  3^0^210  angle  a  e  b,  aobtended  by  the  ara    In  Fig.  2  the  latter  angle 
ezceeda  190P.  

|db  —  chord  of  di6,  or  of  half  adb  —  V^riM*  +  (^  a b)>.    Figi.  1  and  2. 


flfttoe- 
£    chord, 
.4        « 
.S33     •< 

••Ifrtoe  — 
.5     cboid 
A        " 
.833     « 
.8        « 


Dialtiply  the  resdlt  by 
1.036 
1.0196 
1.0114 
1.C063 


If  rtee  — 
.25   chord, 
.2 
.126     •* 


Bidtipljthereraltl^  I    Ifrlae  — 

1.012  I       .25  chord 

LOOflS  I       .2        *< 

1.0088  I     .las    ** 

UM28  Is** 


multiply  the  rainrt  by 
1.U044 
1.0021 
1.00036 
1.00015 

multiply  the  iwult  l>« 
1.0016 
1.0007 
1.00012 
1.0 


dbyLjOOgie 
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) 


CSDBifauMd  from  pw  179. 


BoIot  for  Fig.  I  anply  to  all  arcs  equal  to  or  leai  than  a  semi-circle. 
**      **  Fig.  2    **  **  **  or  greater  than  a  aemi-clrotaL 

RadliUy  ea^edfCi  or  eb, 

^(Ha6)«  +  ri«e«,FlpLland2. 

2  X  riw 
«.  _*'^2_  ,  Figs,  land 2. 
2  X  rise 

^  ^^* ,  Figs.  1  aod 21  _         H^^M         ,  Figs.  1  udS. 

•ineof>^ac6  aineof  >^  6o<i| 


risedtf 


1  —  oosino  of  ^  ac6 


•  ng.i. 


rise  d  « 


1  +  oielDe  of  ^  a  o  6 1 


,  ng.iL 


RiM,  or  mldAlo  ordlnntet  d  «^ 

—  XMllat  —  \/radlu*«  — (Viofc;«,  Fig.  1. 

—  ndias  +  \/radlu^  —  m  aWl  Fig.  2. 

—  radios  X  d  —  ooelae  of  bedl).  Fig.  1. 

—  radios  X  (1  +  cosine  of  bed|),t  Fig.  2. 

—  ^^^-       ,  Wg».  1  Md  2. 
2  X  radios 

»-  ^ab  X  tangent  of  a  5  d,*  Figs,  land  2. 

When  radios  —  chord  a  6,  the  result  Is  6.7  parts  In  100  too  sh.irt 
**  **      —  SXchordab,  then«alti«U.7partsinl00loo  ' 


Side  ordlnAte»  as  »  tf, 

—  |/ radius*  —  «  n«  +  rise  —  radius,  Flga.  1  and  2. 
«.pproximatel7  2^^A.FIg.l.t 


•  a  (  d  Is  M  ^  of  the  angle  ach,  subtended  by  the  are. 

f  Strictly,  thU  shnnld  r«>ad  I  mbum  ooslne;  bnt  the  eoslnes  of  angles  l>«»tween  Vfi 
and  'Z7<>^  must  th-n  be  regarded  as  mimu  or  negative.  Onr  rule,  therefore,  amount* 
to  the  Bame  thing.  

2d5  —  chord  of  d<6,  or  of  half  adb,  —  \/rise*  +  (V<  a6)t.    Figs.  1  and  Z 

1 6ed  —  half  the  angle  ae6  subtended  by  the  ore.  In  Fig.  2;  the  latter  analc 
■|180«>. 


f  When  radios  »  chord  a  6,  this  makes  d«  6.7  parts  in  100  too  short. 

**        <«   s  8  X  chord  a  6,  this  makes  de  U.7  parts  in  100  too  abort. 
The  proportionate  error  is  greater  with  the  side  ordlnatea. 
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< 


in 


to  «re  •€»  slsiele  too  iMng*  ^imt  tibm  dlvtd«rs, 
lM««to  tlM«lM0i,aBd«frtiie  hdfh^  of  Um  ir^uliW  an,  •• 


I 


IMdovaMfJh0dbia«<iv*  On  AMiMimtoitrlpof  papn',t««N,drawa«.ofr.  aodak 
■^fr*!  puraltttl  to  tho  ebo<-d  a  «.  It  te  well  to  make  6  •and  6  e,  eadi  a  Utile  Ioniser 
'^  «  ft.  Then  cut  vtT  the  pnper  carefnlly  aloofr  tiie  Itaiv  1 6  and  6  «,  eo  «•  to  leave 
["■■trtng  only  the  atrip  sabemn.  If  o«r,  if  the  ilraight  aidet  c  6  aod  6  «  be  applied 
•A  die  drawinfu  ao  that  anj  parts  of  then  iball  tnarh  at  the  same  time  the  points  a 
>»1 6,  or  6  and  c,  the  point  h  on  the  strip  wfll  be  in  the  drenmfrrenoe  of  the  arc, 
•Ml  may  be  pricxed  otL  Thus,  any  number  of  points  In  the  arc  may  he  foond,  and 
wsrvard  nnited  to  f«ra  the  eorve. 
MMnOMd*  JliMrlke^iaaaft;  thexieerc;  nndas^frft    from « with ndlm 


'*'i1iBulbeaeiroleL  Mtlce  endi  of  the  aresof  andtfleqnal  tnroorr  <;  and  draw 
«<•  eL  DiTide  «t,  divert  eaoh  into  half  aa  many  eqoal  perto  aa  the  cnrre  Is  to  be  dirlued 
nw.  Draw  the  lines  61,  62,  63;  and  a4,a5,a 6,  extended  to  meet  the  fliit  ones  at 
^•>A.  Then  «,  1^  A,  are  polata  in  one  half  the  cnrre.  Then  for  the  other  ball;  draw 
Ijy^r  Unas  fhwta  toT,  8,  •;  and  otherslWiBi6»ometthsnB,a>bidiwi>    Vnos 

««Car«ebyh«ML  Digitized  by  L^OOglC 
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CIRCULAB   ABCS. 


-U  Bu^  freqnentlj  bt  ofoM  to  reiiienber.tlM4taftiif  areAoi^iMl 


) 


•zoeedfng  TSP,  or  fo  a  her  words,  vfhom  chord  bs  it  of  lead  ttasttm  Hmm  U$  riit,  th« 
middle  ordluatc  a  o,  will  b^  oQo-hali  of  a  c,  quite  iirar  enough  for  nMoy  pnr- 
poms;  6  c  nnd  s  e  beiutc  langcnts  to  the  urcf  And  Tioe  Terva,  If  In  luch  ho  arc  w« 
mnke  o  c  equal  a  o.  then  will  c  be,  Tery  m^arly.  the  point  at  wtiich  UOKPn't  fhmi  the 
eudfl  of  the  arc  will  meet.  Also  the  imuklle  ordinate  n,  of  U&e  lialf  mm  o  6,  ir 


ot,  will  be  approximately  ^  of  a  o,  the  raiddl(«  ordinate  of  the  whole  arc.  ludeeo, 
this  last  obflcrvaciun  will  apply  near  euuugh  for  many  approximate  usee  ev^-n  If  ths 
arc  be  as  great  as  45°;  fur  if  in  that  case  we  tHke  ^  of  o  a  for  the  oidinate  n.  n  will 
then  be  but  I  part  in  1U4  too  small;  and  therefore  the  principle  may  often  be  nned 
in  drawinica,  for  finding  poinu  in  a  curve  of  too  great  radius  to  be  drawn  by  the 
diTiders;  for  in  the  same  manner,  %  of  n  will  be  ihe  mi<ldie  ordinate  for  the  arc  n  I 
or  n  o;  and  >«  on  to  any  extent.  Itelow  will  be  found  a  table  b^  urbkb  tb« 
riae  or  middle  ordinate  of  a  half  aro  can  be  obtained  with  greater 
•oourapy  when  required  for  more  exact  drawings. 

CIRCnTIiAR  ARCS  IH  FRBM^UBBIT  USBL 

The  fifth  column  Is  of  use  for  finding  points  for  drawing  Arcs  too  large  for  the 
beam-compass,  on  the  principle  given  above.  In  even  the  iargi^t  office  drawings  it 
will  not  be  necessary  to  nse  more  than  the  first  three  decimals  of  the  fifth  column; 
and  af  er  the  arc  is  subdivided  into  partt  smaller  than  about  WP  each,  the  first  twc 
dedmau  .25  will  generally  snlBce.    OriginaL 
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CIRCULAR   ARCS. 
-ttBu^freqneiitljbt  of  om  to  reaienber.tlMiteftiif  aredoiki 


•zoeedfDg  73P.  or  In  a  her  words,  whott  chord  bs  it  ai  lead  tixttm  Hmm  itt  rim^  th* 
middle  ordinate  a  o,  will  bi  one-halt  of  a  c,  aufte  iirar  enoogh  for  many  par- 
poms;  beitndse  beiOK  mngirnta  to  the  arcf  And  Tioe  Terva,  If  lo  such  iiii  arc  we 
make  o  e  eqaal  a  o.  then  will  e  be,  Tery  nt-arly.  the  point  at  which  taDK«'n'8  (hmi  the 
eudi  of  the  arc  will  meet.  Alao  the  mIddJe  ordinate  n,  of  U&e  balf  are  o  6,  ur 
0«.  will  be  approximately^  of  a  0^  the  middle  ordinate  of  tlie  whole  arc  ludeeo, 
tble  last  obwrvaclun  will  apply  near  enough  fur  many  approximate  aaee  even  If  the 
arc  be  aa  great  as  45°;  fur  if  in  ttiat  caae  we  tHke  ^  of  o  a  for  the  oidlnate  n,  n  will 
then  be  but  I  part  m  1U4  tou  small;  and  therefore  the  principle  may  often  be  atted 
in  drawinKS,  for  finding  points  in  a  curre  of  too  great  radius  tn  be  drawn  by  the 
dlTiders;  for  in  the  same  manner,  14  o'  **  ^'1'  ^  1^*  middle  ordinate  for  the  arc  n  I 
or  n  o;  and  so  on  to  any  extent,  lielow  will  be  ft^aud  a  table  b^  urbk-b  tb« 
riae  or  middle  ordinate  at  a  balf  suro  can  be  obtained  with  greater 
aocoracy  when  required  for  more  exact  drawings. 


€IRGI7I<AR  ARCS  IN  FRBM^UBBIT  I78IB. 

The  fifth  column  ie  of  um  for  flndiuK  points  for  drawing  iron  too  large  for  the 
beamcompaM,  on  the  principle  given  aboTe.  In  even  the  largi^t  cflloe  drawings  It 
will  not  be  necessary  to  use  more  than  the  first  three  decimals  of  the  fifth  0(4umn; 
and  af  er  the  arc  is  subdivided  into  partt  smaller  than  about  WP  each,  th<f  first  two 
dedmau  .25  will  generally  suflBoe.    OriginaL 


BIss 

For 

PorriM 

Um 

1     For 

FW 

la 

Degrees 

Fornd 

length  or 

or  hair 

iB 

Dogrw. 

For  nd  llsngthol 

riooor 

iwrta 

la  whole 

mvltrlM 

aro  mult 

aro 

parts 

in  whole 

mnlt  rlM  .are  amic 

kalfan. 

of 

are. 

^ 

ohoi4 

malkriM 

ot 

ON. 

by 

shord 

mntt 

shocd. 

by 

by 

shord. 

by 

rieofey 

0        t 

0        / 

1^ 

9     9.76 

313. 

1.00107 

.2601 

u 

66    8.70 

8.5 

1.04116 

.2588 

140 

10  10.76 

253.626 

1.00132 

.2501 

68  46.90 

6.625 

1.0&&J6 

.2549 

1-40 

11   26.98 

200.6 

1.00107 

.2602 

.165 

08  63.63 

6.70291 

1.06288 

.266T 

Klfi 

13     4.92 

153.626 

1.00219 

.2502 

1-6 

73  44  89 

6. 

1.07260 

.2666 

1*80 

15  16.38 

113. 

1.00296 

.2503 

.18 

79  11.73 

4.85908  1.J8428  .2576 

1.25 

18   17.74 

78.626 

1.00426 

.2604 

1-6 

87  1&34 

3.626    1 1.10947  J2603 

1-20 

22  60.54 

60.5 

1.00665 

.2506 

.90T1O7 

90 

3.41422  1.11072  .2699 

M9 

24     2.16 

46.626 

1.00737 

.260T 

.226 

96  54.66 

2.969141 

1.12996  .2615 

1-18 

26  21.65 

41. 

1.II0821 

.2606 

.^ 

106  16.61 

2.6 

1.16912  .2639 
1.19082  .2666 

1-17 

26  60.36 

36.625 

1.00920 

.2509 

115  14.59 

2.15289 

1-16  28  30.00 

82.6 

1.01038 

.2610 

.8 

128  51.30 

1.88889 

1.22495 

.2692 

1-16  30  22.71 

28.626 

1.01181 

.2611 

M. 

134  46.62 

1.625 

1.27401 

.2729 

1-14  32  31.22 

25. 

1.01356 

.2613 

144  81.07 

1.43826 

1.32418 

.2766 

M8  ;34  69.08 

21.625 

1.0I57I 

.2515 

.4 

154  88.35 

1.28126 

1.38322 

.2808 

1-12  ,37  60.96 

18.6 

1.01842 

.2617 

.425 

161  27.49 

1.19204 

1.42764 

.2838 

1-11  '41   13.16 

15.625 

1.02180 

.2620 

.45 

167  66.93 

1.11728 

1.47377 

.2868 

110,46  14.38 

18. 

1.02646 

.2625 

.476 

174     7.49 

1.06401 

1.62152 

.2899 

19    l60     6.91 

10.625 

1.03260 

.2630 

.5 

180 

1, 

1.570!H) 

.2929 

For  Beetllle»tlon  ofelrcalar  area,  see  p  184. 
irradiaa  -  1  mile,  l*"  -  92.1534  ft; 

V  *    1.68S9fl  -  19.0806  ina; 

l"  *    0.0266  ft  -    0.9072  in. 

't  When  arc  b  0  «  —  29%  half  o  c  «  1.016450  X  a  o. 
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If  the  arc,  A,  is  greater  than  a  semicirde,  let  H  ^  ite  hishtt  a  ^  dreuml 
of  drcle  —  A,  and  4  —  hight  of  arc,  a,  —  (half -chord)*  +  H.  Find  a« 
by  table,  as  above.    Then  A  ^  oiroumf  —  a. 

Reetlfleattoii  •f  <?lreal86r  Are.* 
(86)  Rg.  A.    To  fiBid  86ppBroxliii864eljr*  the  lenfrtli  of  omb  sure, 

OBC,     From  one  end,  C,  of  the  arc,  draw  a  tangent,  Cl?.  to  the  arc  (See 
Produce  the  chord,  O  F  C,  to  D,  and  make  C  D   ^   F  C   ^ 


jOFC.     Fronj  2>,  with  rail 
•-  anC  BO,  approximately. 


^   DO,  draw  the  arc  G  i?.    Then  C  B 


ng.  A    \ 


Fig,B 


,  G  Cy  approximatelv* 
From  a  point,  C,  on  the  circle. 


(te)  Fig  B.    On  a  given  circle,  tm  HbmI  86n  are, 
eqaokl  to  86  fflTen  stBralgrlit  line,  C  E.     From  ■  ,  

draw  C  E,  tangent,  df  the  giv«n  length.  Make  C  U  -  %C  B.  From  /f, 
with  radius  "HE,  draw  arc  BO.  Then  arc  C  B  G  -  C  E  appraxi- 
mately.* 

(e).  On  a  given  circle,  to  l86T  oflT  mm,  86re  e^aokl  lai  leatirth  to  86 
irlveii  *re  on  another  circle :  nrst.  by  (a)  find  a  Btraight  line  equal  to 
the  given  arc  :  then,  by  (b)  lay  off  the  required  arc  equal  to  the  line  ao  found 

•  Prof.  W.  J.  M.  Rankine,  Pkiloeophical  Hag..  Vol.  34,  Oot.eind  Nov.,  1867. 
The  error  increaaee  with  the  fourth  power  of  the  aagla;  but,  inanare  ol 
<I0  degrees,  the  error  U  only  about  4  minutea.  .    ^^^ ^.^ 
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UEEirGTHS  OF  dRCITLAR  ARCS  TO  BADIVS  1 

»  Arcs  in  radians.     See  p.  97,  f  2. 
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THE  ELLIPSE 


Fig.1 


The  elllpfl«»  Fig  1,  ABA* B',  is  the  enrve  formed  by  the  inter- 
section of  a  plane  with  the  curved  surface  of  a  cone  or  cylinder 
thru  which  It  passes  completely  and  without  cutting  its  base.  The 
name,  "ellipse' ,  is  applied  also  to  the  plane  figure  enclosed  by  said 
curve,  which  curve  is  then  called  the  cSrcumference  or  periphery  of 
the  ellipse.     When  the  cutting  plane  Is  perpendicular  to  the  axis 
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of  the  Bolld  (e  =  O),  the  ellipse  is  a  circle.    When  the  plane  touches 
the  Bide  of  the  solid  (e  =  1),  the  ellipse  is  a  straight  line. 

A  dtaBs«ter»  Figs  2  and  3,  is  any  chord  passing  thru  the  center, 
0.  Each  diam  is  bisected  at  the  center.  An  axis,  A  A'  or  B  B\  is 
a  diam  dividing  the  figure  symmetrically.  The  mai^  axis  passes 
thru  the  foci,  F^F*,  Fig  3.  The  vertices,  A,A\B,B',  are  the  ex- 
tremities of  the  axes. 

Figs  2-4.     O  =     the  center  of  the  ellipse ; 

a  =0A     =     0  A'     =     the  major  or  transverse 

semi-axis ; 
ft  =OjB     =     OB'     =     the    minor   or   conjugate 

semi-axis ; 
Fie  2.  y.y'      =     VU.V'D'     =z     the    ordinate    over    a    point, 

*  '  F,FMnanaxis; 

«  =r     O  F    =    the  distance  of  p  from  the  center,  O  ; 

w*         =A'F     =     o  —  »     =     dist  of  V  from  the  ver- 
tex, 1'; 
F]f  3.  F,F'    =z     the  foci  of  the  ellipse ; 

c  =     OF     -     OF'     =     ae 

r=     dist  from  center,  O,  to  either  focus ; 
2  c       z=z     FF'     =     the  focal  distance ; 
e  =     e/a     =  \(a^  —  b*)/a*  =   the  eccentricity ;  • 

7         =    F'^U     =     the  ordinate  over  either  focus ; 
p  =     r7C7'  =  2r  =  parameter  or  latus  rectum  ; 

L  z=     A  B  A'B'A  =  the  circumference  or  periphery ; 

Pig  4.  r,r*      =     focal  radii  or  radius  vectors     =     dlsts,  F  Q, 

F*Q;   or  F  K,  F'K; 
e,r      =     the  angles,  &  F  A'   G  F'A ;  or  KF  A',  KF'A  ; 
B         =     the  area  of  the  ellipse; 

Eqaationw.     Fig  2. 
<»»  Origin  of  co-ordinates  at  cen,  0:«    =    OV;    y    =    YXJ. 
(j?»/a»)    +    (v»/6»)     =     1;    whence 

•    =r     Hh    («/6)  '^li*  —  y';       y     =     ±    (ft/a)Va>~-~<»« (1) 

lf«    =      {a  -\-  w)  {a  —  9)  6Va»     (2> 

(b)  Origin  taken  at  a  vertex.  A',  ot  major  axis,  AA\'  a'  =  A'Y. 
Here,  In  Eq  1,  x     =     a  —  »';      y     =     ±  (&/o)  V2<Mg^  —  <»'« 

»*=     o  —  »    =     a±    (a/b)  Mb^  —  ff <3) 

Ordinate*.       rt7*    :  AV.VA'     =     6»    :  a«; 

VIP:     V'V     =     AF.FA'  :  AF'.F'A'    (4) 

i't^el.  Fig  4.  The  normal,  P  X,  to  a  tangent,  T  T,  thru  anv 
point,  K,  in  an  ellipse,  Msects  the  angle,  FKF',  betw  the  focal  radii, 
KF  and  ITf".  of  the  point  K.  Hence,  a  ray  (as  of  light),  emitted 
from  either  focus,  is  reflected  back  to  the  other.  The  bisectors,  PX, 
give  the  positions  of  the  Jolntai  in  an  elliptic  arch,  and  enable  us 
to  draw  a  taaireat,  TT,  (at  right-angles  to  the  bisector)  at  any 
point  in  the  ellipse. 

Fiir  3.  Let  K  and  B  be  any  two  points  in  the  ellipse.  Then 
KF  +  KF'     =     BF  -f  BF'     =     major  axis,  A  A'     =     2  a   ..(5) 

Or,  the  ellipse  is  the  locus  of  a  point,  the  sum  of  whose  distances 
from  two  flxt  points  is  constant  and  equal  to  the  major  axis. 

Hence,  to  laeate  the  focii  from  either  end,  as  B,  of  the  minor 
axis,  lay  off  BF  and  BF',  each     =     a,  to  the  major  axis,  AA\ 

Ta  draw  aa  eUlpae,  Fig  4,  having  AA'  and  BB\-  (a)  Place  a 
pin  In  each  focus,  located  as  above.  Prepare  a  string,f  ITF'  or  FGF', 
with  a  loop  at  each  end  (length  of  string,  from  end  to  end  of  loops, 
=  2  a),  and  place  a  loop  over  each  pin.  Then  a  pencil,  beginning 
as  at  K,  and  keeping  the  string  constantly  and  equally  stretched, 
will  describe  the  ellipse,  KQB  AB'A'K,  But  the  string  may  stretch 
unequally.     Henoe: — 
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Fig.  7 


(b)  On  a  gradaated  straight-edge,  M-a,  take  M-a  =  a,  and  M-b 
=  b.  Tben«  in  whatever  position  the  stralKht-edpe  is  placed,  keep- 
ing b  on  AA\  and  a  on  BB\  M  will  be  in  the  ellipse. 

The  ellipsograph  (elliptic  compasses)  employs  this  principle. 

(c)  From  F  and  from  f",  with  any  radius,  R,  less  than  AF\ 
describe  four  short  arcs,  gqqq;  and,  with  rad  =  2a  —  R,  four 
other  arcs,  iiii.  The  intersections  of  these  pairs  of  arcs  are  points 
in  the  ellipse.    Find  other  such  points  by  choosing  other  radii. 

Eccentricity,  e     =     o/a     =z     1/(0"  —  b')/a*   (6> 

a(l  —  r«)  a  (1  —  e») 

Polar  equation  I —     r     = ;     r'     =     .(7) 

1  —  ecos^  1  —  ccos^ 

The  directrix,  EC,  is  a  line  such  that,  for  any  point,  0,  in  the 
ellipse,  distant  g  from  EG,  and  with  focal  radius  r'  =  F'O,  we 
have  r'/g     =     e (8) 

Paran&eter.   Fig  3.    For  the  ordinate,  Y     =     F'U,  over  a  focus, 

/",  we  have   a?»  =  OF''  =  F'B'  —  OB'  =  a*  -  ft«;  and  (eq  1)  : — 

Y     =     b'/a (ft) 

Parameter,  UV  =  2  F  =  2  b'/a  =  2  d  e  =  2  a(l  —  e»)  , .  (10) 
where  d     =     distance  from  focus  to  directrix. 

Periphery  or  Clrcnmferenee.     r>et  (c«)/4     =     **II*' ; 
(3    eVl6)    X   II      =     "III";     (15cV36)    X   III     =     "IV"; 
(35c*/64)    X   IV     =      "V",      etc.     Then  :— 

L     =     2ra   (unity  -  II  -  III  -  IV  —  V  -  etc) (11) 

where  (  -  II)/unlty     =     (  —  cV4)/(  +1)     =     (  —  %)  e"; 
(-  III)/(  -  II)     =     (+  •/!•)«•;  etc. 

Note  that,  in  any  given  ellipse,  e*  is  constant,  and  that,  in  the 
fractions,  (  —  V4),    Vi«.  "/as.  "*/o*.  etc,  we  have: — 
Numerators,       (35-15)  -  (15-    3)   =   (15-    3)  -  (3--1)   =  8 
Denominators,  (64-36)  -  (36-16)   =   (36-16)  -  (16-   4) 

=    (16-    4)  -  (4    -    0)    =   8 
Denom-Num,   (64-35)  -  (36-15)   =   (36-15)   -  (16-    3) 

=   (16-    3)  -  (4-  -1)   =   8 

Or,  eq  (11)  may  be  written  thus: — 
L     =     2ira(l-.A««  —  ^c*  —  Oe«-i)c»  —  etc)     (12) 

1    /IV      1  1  /I  X  3X  5\«       5 

Where il=-  (-)=-;  C  =  -( )= ; 

1    \2/        4  5  \2  X  4  X  6/        256 

1  /I  X8y_    3  _1/1X8X5X7V        ^'^^ 

'~3\2x4/64*  ""7  \2X4X6X8/  ~  16384  ' 
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Fitf.5 

Approximately :— 

=   7   {" 


-(from  Sir  Thomas  Malr,  F.  B.  S.) 


.(18) 


For  an  ellipse  where  a     =     10  and  b     z=     6, 
«1  (11)   gives  L     =     48.4422  after  deducting  term  "XXIV*; 
^  (13)    gives  L     =     48.4420     =     1.000008   X   48.4422 

Area  9t  elHRae, 

8    =     -Wto*.    Td«     =     rab 

=     »-a«  (6/a)     =     (area  of  circle  of  rad  o)    X    (6/a)   .  .(14) 

RadlnihlKt  of  drele  whose  area  r=  area,  8,  of  ellipse, 
R    =    ViT    (15) 

Area,  89,  af  an  elliptic  aesmeat  whose  base  is  parallel  to  either 
ui&  Divide  height  of  segment  by  that  axis  of  which  said  height 
is  a  part.  Find  the  quotient  under  R,  in  the  table  of  circular  seg- 
ments, pp  187-8,  and  take  out  the  corresponding  A.    Then 

8a     =     2a  X   25  X  A     =     4obA   » (16) 

Tb«  area  af  an  elliptic  acirnftcnt  Incladcd  between  two 
rborda*  each  parallel  to  either  axis.  Is  the  diff  betw  the  areas  of 
two  segments,  each  found  as  above. 

Ta  draw  an  oval,  or  false  ellipae.  Pig  5.  When  only  the  long 
diam,  ab.  Is  gWen,  and  when  span  must  not  exceed  about  3  X  co. 
On  ab,  with  any  radius,  It,  describe  two  equal  intersecting  circles. 
Thru  their  Intersections,  •  and  v,  draw  eg.  Make  ag  =  ve  =  2  R. 
Thru  the  cens  of  the  circles  draw  ey,  eh,  gd  and  gt.  From  e, 
describe  arc  My;  and,  from  g,  describe  dot. 

Fig  6.  When  the  span,  mn,  and  the  rise,  •*,  are  given.  Lay  oiT 
cny  tv)  and  mr,  eqoal  and  each  less  than  al.  Draw  and  bisect  nc, 
and,  thru  its  cen,  o,  draw  the  perpendicular,  yoi.  Draw  yrz.  Make 
MX  =  mr,  and  draw  yab.  Prom  m  and  from  r,  describe  the  arcs, 
nc  and  ma;  and  from  y  describe  the  arc  ate.  Making  ad  =  ay. 
we  find  the  cen,  d,  for  the  other  half  of  the  oval.  The  shape  or 
the  carve  depends  upon  what  portion  of  at  is  taken  for  mr  and  tio. 
Very  flat  ovals  require  more  than  four  cens  ;  and  the  finding  of  these 
cens  Is  quite  as  troublesome  as  drawing  a  true  ellipse. 

Fig  7.  On  a  given  line,  aa  or  df,  to  draw  a  <«cyma"  or  "ofrce", 
oca  or  def.  The  cyma  recta,  aca,  is  concave  above ;  the  cyma 
reversa,  def,  is  (yncave  below. 

Bisect  09  In  o.  Prom  a.  c  and  a,  with  radius  =  (a«)/2  =  ao 
=  €9,  draw  the  four  small  arcs  at  o  and  o.  The  intersections,  o 
and  o,  are  the  cens  for  drawing  the  cyma,  with  the  same  radius. 
Portfer,  rad    =     (d/)/2    =    &    =    «/. 
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Fig.  2. 
,  •r  eonle  |»»rab«la, 

o  b  e,  FIff  I,  la  »  oarT*  formed  hj  oatUog  a  oom  In  a  dlreotloQ  h  a,  parallel  to  IM  ilAa.  Ihl 
eiirred Ud« o  »  e  ItMir la  eaUed  the p«^M«<«r  of  tha parabola;  the Uae  •  e la ealled Its teM ;  ftalw 
height  or  oarfe ;  h  Its  mpex  or  verteai;  aor  Uae  •  «,  or  •  a.  Fig  1,  drawn  from  tbeearra.  to.  and  atrl«bt 
anglae  to,  the  axla.  ie  an  erdiiMle ;  aiidthaparteft,erat,ortheazli,betweeniheecdinat«and  tlk« 
^wx  ft,  U  an  oieelMo.  The  /gcw  of  a  parabola  to  that  potntto  the  aiie,  where  tha  abeoUea  *  a.  la 
eqttal  to  oue-half  of  the  ord  •  •.  The  diet  from  apex  to  foeiw,  called  the  /beol  dial,  to  feand  thun : 
■qaare  aitj  oid,  ae  o  a;  div  thie  ■auRre  bv  the  abeotMa  6  a  of  that  ord:  dhr  the  qaoi  bv  4.  The 
aatnre  of  the  parabola  la  aiieh  that  lu  abeebeaa,  aa  6  •,  i  a.  fte,  are  to  eaen  ether  aa.  or  in  proportioa 
to.  theaqnareaof  ibelrre^pcotiTeordaea.  oa,  *e;  thatla,  aa6a:  6a  ::  •aa:e€(>:er6a:aa3::  6a: 
•  (I*  .  If  the  aqaare  of  any  ord  be  dlrlded  bj  iu  abaeiata,  the  qaot  will  be  a  oonatant  qaantity ;  that 
la,  ttwUlbeeqaaltotheaqaar^ofaojotlierorddiTldedbjitaahBoiaea,  Thto  quot  or  oonatant  qman- 

Honqertalnqnantt^ealled  the  par— alar  ef  the  parabola.  Tbenftare  the  paraMocar 

/  aqaariog  «  a,  or  e  a,  {aae-ka^f  of  the  baae.)  and  dlTiding  aald  aqaare  br  the  hei^t 
h  a.'or  6  a.  aa  the  oaae  mar  bOi    If  the  aqcare  9t  aaj  ord  be  divided  bjr  the  parameter,  the  qaot  wflP 
.t  ord. 


tftyiealBoeqnaib 
maj  be  Iband  by  a 


be  the  abaolaaa  of  that  o 


To  find  ilie  lenffili  of  a  parabolic  cnrre. 

Tbt  approximate  role  giren  bj  variona  poeket-booka,  la  aa  MIowa: 

Length  -  2  X  VOA  base)s  +  1^  Umes  the  (Height*) 


leight  doea  not  axeeed  1  -lOth  of  the  baae.  thia  mle  may.  fbr  praetlav 
Bailed  exact.    Wiita  ht  =  ^  baae.  it  girca  aboM  M  pcr  oeat  ia« 


rix  S«  er  f»  a  rf.  Pig  4.  be  tha  parabola, 
i  giTen  the  baae  a  6  er  n  tf ;  and  thm 


Fig.  6. 


Where  the  hd^ 

parpoeea,  be  ealla  _  , , 

mueh :  ht  s  M  tiaae,  about  »H  per  eent ;  ht=  baae,  about  8W  'per  oeot ;  ht  = 

twloe  the  baae.  about  ISM  P«r  oent ;  ht=  10  X  baae.  er  more,  aboat  16M  per  oaM 

Tk0  lUtowtes  hj  tke  wrliar  la  •nrreal 

wiUiio  perbapa  1  pan  In  MO,  In  all  eoaea ;  and  will 

therefore  ana  war  for  many  | 

Let  a  d  6,  rig  ' 

In  whloh  are  I  

height  e  «l  or  e  a.  Imagine  the  eomplete  fig  a  il  h  a, 
arn  a  d  6.  to  be  drawn:  and  in  afU«reaaa,  aaan»a 
lie  (oapdlam  a  6  to  be  the  ehord  er  baae;  and  •••■ 
half  the  abort  diam.  or  e  rf,  to  be  the  height,  of  a 
eirenlar  are.  Find  the  length  of  thia  eireular  are, 
by  meaaa  of  the  rule  and  Ubie  giraa  for  that  par^ 
poee.  Then  dlr  the  ohurd  or  baae  a  6,  er  »  d  of 
the  parabola,  by  lu  height  e  «l  or  c  a.  Look  for 
the  quot  in  the  column  of  baaaa  in  tha  fellowlQg 
table,  and  take  from  the  table  the  eorrrapovding 
multiplier,  liult  the  length  of  the  circular  are  by 
thia;  the  prod  will  be  tha  length  of  are  a  4  6.  or 
f»a<l,aa  theeaaemaybe.  For  baaea  of  parabelaa 
leaa  than  .06  of  tha  height,  or  greater  than  lOtlmea 
the  height,  the  multiplier  la  l.and  ia  rery  approx- 
imate; or  in  other  worda.  the  parabola  win  ba 
of  alaoat  exactly  tha  aame  length  aa  the  drenlar 
are. 

To  find  the  area  of  a  parabola  fi»  a  a  5. 

Maltlta  baae  mn.  Fig  S.  by  lie  height  a  6;  and  laka  908  af  ttw  prod. 
The  area  of  any  aegmeot.  aa  «  6  v.  whoee  baae  «  *  la  parallel  to  m  m,  to 
fbuad  in  the  aame  way,  uaing  u  a  and  a  6,  Inatead  of  m  »  and  a  6. 

To  find  tbe  ar«a  of  a  parabolic  ■one*  or  fkroa* 
fi  tank,  astaawv. 

Bvu  I.  Flrat  And  by  the  preoedlag  rale  the  area  ef  tfia  whoto  perabela 
mhn;  then  that  of  the  acgment  « 6*;  and  anbtraet  the  laat  Aram  the 

**  RoLBl.  Fr»mthecabeofM«.takatheenheer«i«;eaIlthedtfre. 
From  the  aqaare  of  m  n.  take  the  aquara  of  «  a;  eall  the dlff  a,  DIt  e  ha 
«.    Mult  the  quot  by  Hii*  of  the  height  a  a. 
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VAble  0»r-I«eii|tlM  of  PMF»Mlte  Cmwwm.  See  opp  fMge.   (Ortgtoal.l 


Bmou 

Malt. 

B.^ 

MaK. 

Bms. 

Jfili. 

BaM. 

Mall. 

j06 

1.000 

1.10 

.099 

2.16 

.940 

3.-20 

.983 

.10 

1.001 

1.15 

JW 

2.20 

Ml 

8.80 

.984 

.15 

1.002 

1.20 

.995 

2.26 

.964 

3.40 

.986 

J20 

1.004 

1.25 

.998 

2.30 

i»66 

ZM 

.986 

.25 

1.006 

1.30 

JMO 

2.36 

.968 

3.00 

jm 

.30 

1.007 

1.36 

.987 

2.40 

.960 

8.70 

.988 

.35 

1.007 

1.40 

.984 

2.46 

.902 

3.80 

.989 

.40 

1.008 

L45 

.060 

2.60 

.963 

3.90 

.990 

.45 

IJOM 

IJbO 

.977 

2.66 

.966 

4.00 

.991 

JO 

1.010 

1J5 

J74 

2.60 

.967 

4.26 

.992 

J6 

IjOIO 

1.60 

.070 

2.66 

.969 

4.60 

.993 

i» 

1.010 

1.65 

jm 

2.70 

.970 

4.76 

.994 

.66 

ijaii 

1.70 

.963 

2.76 

.972 

6.00 

.995 

.70 

1.011 

1.76 

JXO 

2.80 

.973 

6.26 

M6 

.75 

1.010 

1.80 

.967 

2.86 

.    i>76 

6.fi0 

.997 

M 

1009 

1.86 

.963 

2.90 

.976 

6.78 

.998 

M 

1.008 

IM 

J950 

2.96 

.978 

6.00 

.998 

M 

1.006 

1.96 

.946 

8.00 

.979 

7.00 

.999 

JA 

1.004 

2.00 

.942 

806 

.980 

8.00 

1.000 

LOO 

ixxri 

2.05 

.944 

3.10 

:981 

10.00 

1.000 

1.05 

1.001 

2.10 

.946 

8.16 

.982 

To  dm  w  a  Rarabola«  haviog  baae  o  *  and  height  •  a 

e*«,FI«<.   Makeofeqaaltothebelfl^  ^n    m..     f.nY 

■  r:  aaddXTide each ortbcm  intoanj naicit^  r  4>r  c^ii  uui  uiin > ; 
In  the  Fl(.    Jelo  1,  I ;  3t,  ?:  1. 1  Ar ; 


■  aabnin*  tbcm  as 

tVa  drav  the  curve  by  band.  It  will  Ktr  iili»en#il  ihnt  Uie 
iaterwctiaos  eftba lines  1, 1  ;  S,  S, Ae,  du  dol gwa  ftttiavtin. 
Uts  corrc ;  bat  a  portion  of  cacb  of  tbo«o  Liur*  tuTm%  n  tfeb' 
pat  la  tiM  enrre.  By  fnereasing  the  bum  her  «r  dlvbSoaa 
es  e  1  asd  «  f,  an  almoat  perfect  eorre  I*  rrinni>4.  mfr^rMlf 
rtq-sfrinc  ^  ^  toaebed  up  I7  band.  ]n  r<r"'^!'-'  i'  Ei  twit 
Irtt  10  draw  only  the  center  portion*  of  -  n  bi{^b 

tna  each  otber  Jiut  above  o ;  and  firom  ..  ■]  0  im. 

vtrd;  acunally  drawing  only  tbat  ini.ii.1  p^rUiu  ni  eaob 
laeeeariv*  lowar  Una,  wbieb  ia  — oaeeary  (o  indleata  Uia 


Or  the  parabola  may  bo  drawn 
Uiass 

U^he,  FIc  T,  be  tbabaae;  and  a4tfae  belgbt.  Draw  the 
(Ktangle  hn^kc;  dir  eacb  balf  of  the  base  inio  any  nam* 
ber  of  aqoal  parte,  and  number  them  ftvm  the  center  each  ^' 
«ar.  Div  m  (,  and  at  e  Into  tbe  came  nnmbvr  of  equal  parte ; 
udmuabartbemflroni  the  top,  downward.    From  tbe  polnti 
»  Redraw  vert  llnea;  and  from  ttaoee  at  the  eideedrai  " 
to  d.  Tbeotbc  inlereections  of  liuea  1, 1 ;  S.  S,  *o, 
«ill  form  poinu  in  the  parabola.    Aa  In  tbe  pre> 
ey-llng  eaae.  It  li  not  neceasarj  to  draw  the  entire 
li&ea ;  bat  merely  portions  of  them,  aa  shown  ba* 
tvaea  d  and  c. 

Or  a  parabola  may  be  drawn  by  flrtt  div  the 
bHcb»  « 1^,  Fig  6,  Into  any  nnmber  of  parts,  either 
iqiial  or  nequal;  and  then  eslcalatlag  tbe  ordi- 
:.tttes  ua,kni  thna,  aa  tbe  height  a  h  :  square  of 
bolf  base  am::  any  abiKiss  h  »  :  sqoare  of  Its 
•rd  «  a.    Take  tbe  sq  rt  for  ti*. 

BzM.— When  the  height  of  a  parabola  Is  nel 
<raaMr  than  l-lOth  part  Its  base,  the  omre  eoia« 
ddss  so  e«rr  elosely  wltb  that  of  a  elfcolar  aro, 
tbat  fn  tbe  preparation  of  drawings  for  aaspea- 
siso  bridge*.  Ac.,  tbe  dreular  are  may  be  em*  ,_ 
sioyed;  orif  DO  great  aeonraer  Is  rsqd,  the  eirole 
MbaascdeveBwbcailMheigfe(lsMfNB»M  D 
•ofr-sighth  of  tbe  base. 


( 


To  draw  a  tancent  w  v.  Fig.  6,  to  a  parabola,  ftfom  any  point «. 

Draw  V*  perp  toazis  a  h',  prolong  a  h  nntll  &  waaoali  s  h.    Join  tp  «. 
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The  Cycloid, 

aebf  Is  the  ourTe  deaoribed  by  a  point  a  in  the  oircamferenoe  of  a  elrel«, 
a  lit  during  one  complete  revolution  of  the  drcie,  rolled  along  a  straight  line 

ab:  which  is  called  the  base  of  the 

a d b  cycloid. 

Tlie  vertex  of  the  cycloid  is  at  e. 
Base,  a  6, »  circumference  of  generat- 
je       It       I       iu^     y  ing  circle  an 

■^^ — — ^ -•*      *^     ^  B>diumeter.  c(i,of  generat- 

ingcircleXv  »  a.U16oil. 
Axis,  or  lieiiplit,    cd^an. 
I^eniptii,  acfr,»4cd. 

Area,  a  e6  d  »  8  X  area  of  generating  circle,  a  n 
=,3<l^  =-cd«Xi»  =  cd«X  2.8562. 

Center  of  irroTtty  of  turSaat  at  9.  e  ^  »  f^  e  d.  Center  of  gravity  of 
tyfioid  (curved  line  a  c  6)  in  axis  c  d  at  a  point  (as  «)  distant  \td  ftrom  e. 

To  draw  a  tanir^nt,  eo,  from  any  point  0  in  a  cycloid:  draw  ««  at  right 
angles  to  the  axis c d ;  on  c d  describe  the  generating  circle  dct\  Join  i e ;  frum 
e  draw  e  o  parallel  to  /  e.    The  cycloid  is  the  cnrve  of  qnlckeat  deacen t ; 

so  that  a  body  would  fall  from  b  to  c  along  the  curve  0  m  c,  in  less  time  than 
along  the  inclined  plane  bie^  or  any  other  line. 


SOIilDS. 

THE  Bft:Oiri.AB   BOBIES. 

A  reirnlAr  l»ody.  or  reirvlar  poljliedroii,  is  one  which  has  all  its 
sides,  and  its  soHd  angles^  respectively  similar  and  equal  to  each  other.  There 
are  but  five  such  bodies^  as  follows : 


Name. 


Tetrahedron  .,.—. 
Hexahedron  oreabe 
Octahedron  ..w.... 
Dodecahedron ..... 
loosahedron.....^ 


Bounded  by 


4  equilateral  triangles. 
6  squares. 

8  equilateral  triangles. 
12        **      pentagons. 
**      triangles. 


Snrfkee 

(=asum  of  surfkoes 
of  all  the  faces). 

Multiply  the  square 
of  tlie  length  of 
one  edge  by 


r.7320 
6. 

8.4641 
20.6458 


Tolnme. 

Multiply  the 

cube  of  the 

length  of  one 

edge  by 


.1178 
1. 

.4714 
7.6681 
2.1817 


Fig.R 


To  find  the  TOlnme  of  any  body  Caa  the 


If  the  revolution  is  incomplete, 

complete  .  incomplete  , 
revolution  '  revolution   ' 


irregular  mass abem.VUtA^  or  the  rioR 
abem.  Fig  B),  generated  by  a  complete 
or  partial  revolution  of  any  figure  (ma 
abea)  around  one  of  its  sides  (as  ae. 
Fig  A),  or  around  any  other  axis  (as 
xy.  Fig  B). 

wolnme  —  snrftee  abeaX  length 
of  arc  described  by  lis  center  of  graT^ 
ity  O. 

If  the  revolution  is  complete,  the  arc 
described  is  «  circumference  »  radiua 
0  G*  X  2w  -  radius  0  O*  X  6.288186 ;  and 
Yolnnie  --eartkoe  nftea  x  radius 
oG*X  6.283186. 


,  olroamfbrenoe  , 
found  as  above ' 


arc 
described 


*  Measured  perpendicularly  to  the  axis  of  revolution. 
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PAmAI.I<EI.OPIPB]»S. 


Flg.L 


Flg.2. 


Fig.  8. 


Fig.  4. 


A  uuralletopiped  is  any  solid  oonUined  within  six  sides,  all  of  which  ars 
paraUeJograins ;  and  those  of  eaeh  0|»poeite  pair,  parallei  to  each  other.  We 
show  but  four  of  tliem :  oorrsnonding  to  the  four  paralleloicnuns ;  namely,  the 
mV,  Fig  1,  which  has  all  its  sides  equij  sqtiaresi  ana  all  its  angles  right  angles: 
the  riaki  rtdanffmiar  prUm^  Fig  2,  has  all  its  angles  riffht  angles^  each  pair  of 
oppottte  faees  equal,  but  not  all  of  its  fooes  equal ;  tne  RJHmboMedron,  Fig  8, 
which  has  all  its  sides  equal  rhombuses,  and  which,  like  the  rhombus,  p  157,  is 
sometimes  called  "  rhomb  " ;  the  Rhcmbic  prism.  Fix  4 ;  its  faces,  rhombuses,  or 
rlkomboids,  each  pair  of  opfMMite  liMMs  equal,  but  not  all  its  &oos  equaL    All 


parallelepipeds  are  prisms. 
petraUeloplped 


,  area  of  any  ftoe,  w  perpendiaUar  distance,  p, 
as  a,  '^      to  the  opposite  Cmc. 

IToluflae  of  a  cabe     »  cube  of  length  of  one  edge, 

a  ljn985  X  Tolume  of  inscribed  sphere, 
a  1.27324  X  *•  •*  cylinder, 

« 8^1972  X  •*  "  oone. 

IHasonal  •£  •  «nbe  —  diameter  of  dimunseribing  sphere, 

—  U3206O8  X  length  of  one  edge  of  onbiw 


f9*(R 


A  prism  is  sny  solid  whose 
twoMMif  are  parallel,  similar, 
and  equal ;  and  wboee  side* 
are  wmUtiograwu^  as  Figs  5 
to  10.  Consequently  the  fore- 
going parailelopipeds  are 
prisms.  A  r^A/ prism  is  one 
whose  sides  are  perpendic- 
ular to  its  ends,  as  6,  6,  7  , 
when  not  so,  the  prism  is 
eUigue,  as  8,  9, 10..  When  all 
^         ,  ...  thesldesofthefijturM  which 

form  the  ends  are  equal,  and  the  angles  included  between  those  ddes  aie  also 
equal,  the  prism  is  said  to  be  regular:  otherwise,  irregular, 
¥*1«IM«  of  Msy  prlaiB  (whether  regular  or  irregular,  right  or  oblique) 
«■  area  of  one  end  X  perpendieuiar  distance,  p,  to  the  other  end. 
mm  srea  of  cross  section  perpendicular  to  the  sides  X  actual  length,  a  ft.  Figs 
5  to  10, 
.  »  8  X  Tolon^  of  pyramid  whose  base  and  height  are  »  tboee  of  the  prism. 


i 


1  tlie  TOlaaae  of  mmj  ftmsinni 
of  any  prlain* 

Whose  cross  section,  perpendicular  to  Its  sides, 
is  either  any  triangle;  any  parallelogram;  a 
square,  (as  in  Fig  lOV^;  or  a  regular  polygon  of 
any  nmnber  of  sides;  no  mutter  how  tbe  two 
ends  of  tbe  fru^um  may  be  inclined  with  regard 
to  eaeh  other:  or  whether  one,  or  neither  of 
them,  is  parallel  to  the  base  of  the  original 


snmoflengtheofpaniariedgn,  Flg«.10Vi. 

▼olame                 fT  +  O+B^+Tl  area  of  cross  section 

.rfln»i»i number  of  such  edges ^...    ffSShSl'gS. 

(4  in  Fig  «H^  Dgtze  W  ■««»  ^«^ 
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MENSURATION. 


This  rule  may  be  used  for  aacertaining  befoiehand,  the  quantity  of  earth  !• 
be  removed  Arom  a  ''borrow  pit."  The  urreguiHr  surface  or  the  ground  is  first 
■taked  oat  in  squares ;  ithe  tape-line  being  stretched  horizontaUy.  when  meaa- 
unng  oil  their  sides).  These  squares  should  be  of  such 
a  sixe  that  without  material  error  each  of  them  may  be 
considered  to  be  a  plane  surface,  either  horizontal  or  in- 
clined. The  depth  of  the  boriaontal  bottom  of  the  pit 
being  determined  on,  and  the  lerels  being  taken  st  erery 
comer  of  the  squares,  we  sre  thereby  furnished  with  the 
lengths  of  the  four  parallel  Tertical  edges  of  each  of  the 
resulting  frustums  <a  earth.  In  Figs  10>^,  y  may  be  sup- 
posed to  represent  one  of  these  firustums. 
If  the  ftustum  is  that  of  an  irreguiar  4-aided,  or  polyg- 
onal prism,  first  divide  its  cross  section  perpendicular  to  Ita  sides,  into  tn- 
angles,  by  lines  drawn  firom  any  one  of  its  angles,  as  a.  Fie  lOV^  Calculate  th« 
area  of  each  of  these  triangles  separately ;  then  coosiaer  the  entire  fruatnm  to 
be  made  up  of  so  many  triangular  ones;  calculate  the  toIuum 
Of  each  of  these  by  the  preceding  rule  for  triangular  frustuma; 
and  add  them  together,  for  the  volume  of  the  entire  firuatum. 


Fig.  lQ\i. 


Tola  me  of  any  frastam  of  any  prism. 

Or  of  a  cylinder.  Consider  either  end  to  be  the  base ;  and  find  its 

area.  Also  find  the  center  of  gravity  c  of  the  other  end.  and  the 

n    ^''— ^^       perpemltctttor  distance  nc,  from  the  base  to  said  center  or  gravity. 

Fig- 109^*      ^hen   Volame  of  ft^UBtam  =  area  of  base  Xn  «.  Fig  10^* 

The  slant  end,  c,  ia  an  ellipse.  Its  area  is  greater  than  that  of  the  circular  end. 

Nnrftece  off  any  prism.  Figs  6  to  10,  whether  right  or  oblique,  regular 

or  irregular 

_  /  circnmferenoe  measured  ^  -**„-i  u-^v  «  fc\  j.  »om  of  the  areas 
"  Vperpendicular  to  the  sides  ^  •*"*•■  lengtn,  «  » j  +  <,f  tj,^  t^^  e,,^ 


*(Cir^ 


Fig.  11. 


CTIilHDERS. 

A  cylinder  is  any  solid  whose  ends  are 
parallel,  similar,  and  equal  curved  flgurea ; 
and  whose  sections  parallel  to  the  enda 
are  everywhere  the  same  as  the  ends. 
Hence  there  are  circular  cylinders,  ellip- 
tic cylinders  (or  cyltndroids)  snd  many 
others ;  but  when  not  otherwise  expressed, 
the  circular  one  is  understood.  A  righi 
cylinder  is  one  whose  ends  are  perpen- 
dicular to  its  sides,  an  Fig.  1 1 ;  when  other- 
Fig.  12.  wise,  it  is  oMique,  as  Fig  12.  If  the  enda 
of  a  right  circular  cylinder  be  out  so  as  to 
make  it  oblique,  it  beoouMB  an  elliptic  one ;  becauae  then  both  its  ends,  and  all 
sections  parallel  to  them,  are  ellipees.  An  oblique  circular  cylinder  sddom 
occurs ;  it  may  be  conceived  of  by  imagining  the  two  ends  of  Fig  12  to  be  drcle^ 
united  by  straight  lines  forming  its  curved  sides. 

A  cylinder  la  a  prism  haTtng  an  infinite  number  of  sides. 
Yolnme  of  any  cylinder  (whether  circular  or  elliptic.  Ac,  right  or  obllquo 
<=  area  of  one  end  X  perpendicular  distance,  j»,  to  the  other  end, 

=^  3  X  volume  of  a  cone  whose  base  and  height  are  ~  those  of  the  cylinder. 
UnrUkee  of  any'cylinder  (whether  circular  or  elliptic,  Ac,  right  or  obliouei 

(circumferenoe  \    mum  nf  thA 

measured  perpendiculariy    X  actual  length,  a  h  )  +^#"1^1  {^o tS? 
to  the  sideaTMat  c  o,  Fig  12,  /     ®^  ****  ^^^  •'^• 

Bifflit  eirenlar  cylinder  wbose  beif  ht  —  diameter. 

Volume  =  U  X  rolume  of  inscribed  sphere. 

Curved  surface    =  surface  of  inscribed  sphere. 

Area  of  one  end  >»  \  siirrace  of  inscri}>ed  sphere  >»  \  curved  surface. 

Entire  surface     —  H  X  suiftoe  of  inscribed  sphere  —  1^  X  carved  surflmii 
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emmUmtm  W&r  oa«  flMi  ta  leafMi*  tn  Cub  Ft,  and  In  U.  &  OiOIodb  of 

m  tab  fak,  «r  T.48K  Gmlla  to  a  C«b  Pu    A  mmh  flTcf  W«t«r  welshs  »boB(  CSM  Iba ;  sad  a  gallM 
■iMtOJtfAa.    MnMa.t.OTMIiM««MsrM«,gl««4.f,«rl 
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ia 

^B 
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^S 

!5 
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lu. 

l«  . 

S5 
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la 
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e  a 
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i^ 

aCpot. 

i^ 
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6^ 

ir 

is 

H' 

n 

BL 

M-S 
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.0003 

JW2B 

H 

.5625 
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10. 
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14.73 

.0200 

.0005 

.0040 

7. 
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.2678 
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^ 

1.625 

2.074 

15.51 

%  .0313 
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.6042 
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20.^ 
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16.32 

M6  .0366 

.0010 
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.6250 

.3068 
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K 

1.708 
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17.16 
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9« 
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21. 
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8. 
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}4 
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.7083 

JSHl 
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M 
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1.017 

2.885 

21.58 

.0036 
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0. 
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.4418 

8.306 

)4 
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22.53 

.0042 

.0312 

.7708 

.4667 

8.401 
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23.50 

.0048 

.0359 

.7017 
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25. 
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25.50 

.0056 

.0408 

74 

J125 
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26. 

2.167 
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i/^  .1042 

.0086 
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27. 
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20.74 

W  .1250 
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.5730 

4.286 

28. 

2.333 
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31.00 
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.1249 
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.6018 
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20. 

2.417 
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34.31 
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.1632 

74 

.8058 

.6303 

4.716 

30. 

2Ji00 

4.909 

36.72 

14]  .1875 

.0^!7« 

.2066 

11. 

.0167 

.6600 

4.937 

31. 

2.583 

5.241 

30.21 

1?  J2sm 

.0341 

.2560 

K 

.0875 

.6008 

5.164 

32. 

2.667 

5.585 

41.78 

g  -2292 
2.    1  .2500 

0412 

.3085 

<|.0583 
%  .9702 

.7213 

5.S96 

a?. 
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5.040 

44.43 
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.3672 
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34. 

2.833 

6.305 

47.13 

1/  .2708 

0576 
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35. 

2.017 
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ijj  .2017 
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.4096 

K'.042 
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M. 
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52.88 
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.07fl7 

.6738 
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37. 
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7.467 
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58.02 
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30. 
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'A 
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15. 

1.260 

1.227 

0.180 
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3.417 
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9.801 
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\^  .4376 

.1503 
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16.    11.333 
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10.44 
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76.44 
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.1660 

1.234 
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1.486 

11.11 

44. 

8.667 
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1.340 

17. 

1.417 

1576 
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4.5. 
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82.62 

1         .5000 

.1063 
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H 
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12.49 

46. 

8.833 

llMl 

86.33 

i<l  .5208 
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18. 
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13.22 

47. 

3.017    12.048 

90.13 
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.2304 

1.724 

14 
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13.96 

48. 

4.000   12.666 

94.00 

i 


Table  eontlnned,  but  witb  tbe  dlibnui  1b  ffeei. 


OUm. 

Cob. 

U.S. 

Diaa. 

Cob. 

U.S. 

Inia. 

Cab. 

U.S. 

Ipia. 

Cab. 

U.S. 

Feet. 
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OalJa. 
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GalU. 

Peet. 

Feet. 
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Feat. 
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4 

12J7 

94.0 

7 
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12 
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24 
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CONTENTS   AND   LININGS  OF  WELLS. 


COBI'rENTS  AND  I<IHIirC»  OF  WBI4UL 


one  hal^  of  the 
well  SI  feet'-  " 


For  dluna  twioe  m  great  m  tboee  la  the  UUe,  f»r  tbe  eab  yda  of  digging,  Uke  o«t  ibeae  oppoeto 
.  "  -  (1,^  greater  diaai ;  aod  mult  tbem  by  i.  Thua,  for  tbe  cub  jda  In  eaob  fool  of  deptb  of  » 
in  diam,  flret  take  out  from  tbe  uble  tboee  opposite  tbe  diam  of  15H  fbet ;  aamelv,  6.iwe. 
Tben  (.SMI  X.K-  tlMA  cub  jde  reqd  for  tbe  Itl  ft  diam.  But  for  tbe  itona  lining  or  walling,  brle^ 
«r  plaaterlng,  mull  tbe  ubular  quautUj  oppoelte  half  tbe  greater  diam,  bj  S.  Tbna,  tbe  perebee  of 
•tone  walling  for  eaob  foot  of  deptb  of  a  well  of  91  (t  diam.  wUl  be  X.07S  X  S  =  4.14A.  If  the  wall  U 
more  or  lees  tban  one  foot  tbick.  witbln  uenal  moderate  limits.  It  will  geaerallj  be  near  enongb  for 
praotloe  to  assume  tbat  tbe  number  of  perobes,  or  of  brieks,  will  Inorease  or  decrease  In  tbe  eame  pro- 
portion. 

Tbe  siM  of  tbe  brieks  Is  Uken  at  8)<  X  4  X  S  inobes :  and  to  be  laid  drj.  or  wltbont  mortar.  Ic 
praotioe  an  addition  of  about  ft  per  oent  sboold  be  made  for  waste.  Tbe  brlok  lining  la  sappeeed  to 
be  I  brick  tfalok,  or  8)4  ins. 

CAUTIOM .  —  Be  careftil  to  obsenre  that  the  dlamt  to  be  used  for  the  digging 
are  greater  tban  tboee  for  tbe  walling,  brieks,  or  plastering.  No  e 


1 


For  each  foot  of  depth. 

For  eaoh  foot  of  deptli. 

For  tbU 

For  tfaeee  tbree  cols  use  the 

For  tbis 

For  these  tbree  coU 
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diam  in  clear  of  the  lining. 
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i.m 
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n  cij 

1.788 

1174 

7.243 

•^ 

s.n7 

1.116 

485 

8.064 

11. 

Ji.Kl 

8.766 

1188 

7.831 

•. 

1.968 

1.167 

609 

8.148 

U 

l.'l.li 

*-2J 

1101 

7.418 

^ 

1.480 

1.188 

618 

8.2s 

)  !  ^:. 

i.sn 

1116 

7.506 

1.816 

1.919 

658 

8.818 

^ 

jr-il 

1.800 

1190 

7568 

H 

1.786 

1.961 

661 

8.404 

n. 

ur.^ 

*'2K 

1144 

7.880 

M. 

2.000 

1.981 

688 

9.401 

g 

UA\^ 

1.911 

IttO 

7.787 

3.058 

1.414 

680 

ijtn 

1*.11 

2.969 

1173 

7.854 

8.107 

1.446 

694 

8.886 

1^ 

lt.ti6 

"^K 

1«7 

7.042 

■^ 

8.881 

1.477 

808 

l.7» 

18. 

16.98 

8.016 

1801 

8.020 

11. 

8.510 

1.506 

829 

ijm 

U 

16.71 

8.047 

1816 

8.116 

g 

9.888 

1.699 

88T 

tsti 

s 

16.06 

sjra 

19« 

8.208 

9.847 

1.671 

861 

4.014 

H 

16.41 

8.110 

isa 

8.WI 

I 

4.018 

1.801 

886 

4.101 

14. 

18.76 

8.141 

1967 

8.378 

11 

4:188 

1.894 

879 

4.180 

17.11 

8.178 

1871 

8.485 

u 

4.896 

1.886 

4.178 

17.48 

8104 

1188 

8.552 

i 

4.646 

1.896 

707 

4JM 

p/ 

17.81 

8.888 

1400 

8.840 

s 

4.T19 

1.7» 

711 

4.461 

26. 

18.18 

8.967 

1414 

8.7n 

II. 

4.818 

1.768 

m 

4.588 

At 

»nbyd 

-aofti 

LS.  fiTM 

lis. 
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cncuuuK  cTitUTDiuc  uveuumi. 

!•  Whea  tke  cnUinip  plane  d«es  noi  cni  ibe  iMMe.    Figs  18;  14 


"F^ 


n,-._.l 


Fio.14. 


VolHHie)  — 


■■■le)  —  areaofbnseo^X  ^sum  of  greatest  &  least  perphe{ghts.on,  em, 
of  r^f  area ofcroBS sec  measd  ^  }i  sum  of  greaiast  and  least  lengths, 
igula    )       (,perpt08ides,asx,  ^        ^«»,o<,mea»«l  along  the  sides. 


angul; 
Ar«Aof 
ettrrtd 
surfkce 
Add  ssreiM  of  ends  if  reqalred. 


1  _  f  circuuf  measd  perp  y.  half  sum  of  greatest  and  least  lengtbi^ 
c     \      to  aides,  as  at  X,      ^         pn,  a  (,  measd  along  the  sidesi 


( 


For  nrena  of  aeetlons  perpendicular  to  the  sides,  see  Clrelea. 
For  Arena  of  aecUons  oblique  to  the  sides,  see  The  Eltlpise. 


II.  inien  Uie  cnttinir  plane, (oneliefl  tl&e  base*   Figs  A  to  D. 


obHqae) 


{right 


FfgA- 
FIgB- 
FlgC- 
FigD- 


(^afts+a«XaTea«(fmfr   efbue)-^- 

^  area  of  efarde  ires  X«»a 

^  Tolnme  of  cylinder  x  y  m  «. 

fafrXmy  — a«X  length  of  arc  dm6  )  ^. 

njrXM«> 

{ab  X  ny  -I-  ae  X  length  of  arc  dmb  )  ^. 

^  eircamferenee  of  baee   ny  X  m •» 

^  enrred  earfaee  of  ejUnder  synn. 
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PYRAMIDS  AND  GON£B. 


PTBAHIDS    ANB    CONES, 

_d a        d 


A  pjramldv  Fist.  1, 2,  IL  to  anT  lolld  whJch  has,  for  Its  hue,  a  plane  figim 
df  any  number  of  nde?,  and,  fur  its  sidea,  plane  triangles  all  terminating  at  ud« 
point  ci,  called  ita  apex,  or  top.  When  the  beae  is  a  regular  figure,  the  pyramid 
\m  regular;  otherwise  irregti/ar. 

A  cone.  Figs.  4  and  ft,  is  a  solid,  of  which  the  base  is  a  cnrred  figure;  and 
which  may  be  considered  as  made  or  generated  by  a  line,  of  which  one  end  is 
stationary  at  a  certain  point  d,  called  the  apex  or  top,  while  the  line  is  being 
carried  around  the  circumference  of  the  base,  which  may  be  a  circle,  ellipse, 
or  other  curve.  A  cone  may  also  be  rsgarded  aa  %  pyramid  with  an  inflniie 
number  of  Hides. 

7^  ATM  of  a  pyramid  or  cone,  is  a  straight  line  d  o  In  Figs.  1, 2, 4;  and  d  i  In 
Pica.  8  and  6,  IVom  the  apex  d,  to  the  center  of  gravity  of  tne  base.  When  th« 
sjds  is  perpendicular  to  the  base,  as  in  FigR.  1, 2, 4,  the  solid  is  said  to  be  a  right 
one ;  when  otherwise,  as  Figs  3.  ff,  an  oblique  one.  When  the  word  cone  is  used 
slone,  the  right  circular  cone.  Fig.  4,  is  understood.  If  such  a  cone  be  cut,  aa  ai 
1 1,  obliquely  to  its  base,  the  new  base  U  will  be  an  ellipse;  and  the  oone  dtt 
becomes  an  oblique  elliptic  one.  Fig.  6  will  represent  eitner  an  obliqae  droiilni 
woue,  or  an  oblique  elliptic  one,  according  as  iu  base  is  a  circle  or  an  ellipsik 

Tolam«  of  pyramid  or  cone,  regular  or  irregular,  right  or  oblique. 
Tolame  —  }4  '"^^  of  bane  X  perpendicular  height  </  o,  or  A,  Figs  1  to  6. 

—  %  Tolume  of  prism  or  cylinder  having  same  area  of  base  and 

same  perpendicular  height 

—  }4  ▼olume  of  hemisphere  of  same  base  and  same  height. 

Or,  a  cone^  hemisphere  and  cylinder,  of  (he  same  base  and  same  height,  have 
volumes  as  t,  2  and  8. 

Area  of  snrftece  of  sides  of  right  regular  pyramid  or  right  circular  cone. 

Area  —  y^  circumference  of  base  X  slant  height*  ' 

In  the  conef  this  becomes 

^  area  of  base  ...     . ,    ,  ,  . 

Area—  --.-. >-r —  X  slant  height 

radius  of  base  ** 


Add  area  nf  base 
if  required. 


Area  of  nnrfliee  of  obliqae  elliptic  eoae,  dtt. 

Fig.  6^,  cut  from  a  right  circular  coue,  dee.  From  the  point 
e  where  the  axis  d  o  of  the  right  circu  Ur  cone  eui  s  t  he  eliipt  io 
base  <L  measure  a  perpendicular,  r,  in  auy  direction,  to  the 
curved  surface  of  the  cone.  Let  v  =>  the  volume  of  oblique 
elliptic  cone,  dtt;  let  a  =  the  area  of  its  elliptic  base  <  L  and 
let  A «-  the  height  d  u  measured  perpendicularly  to  said  base. 
Then 

oh       8  V 
Cnrwed  sarfkiee  =» —  — -. 

Add  area  of  base  if  required 

No  measurement  has  been  devised  for  the  surface  of  an 
oblique  circular  cone. 

In  an  Irreipnlar  pyrantld,  rii;ht  or  oblique,  Murflice  area  —  sum  ol 

of  sides,  each  calculated  as  a  triangle,  (p  148).    Add  area  of  base,  if  reqd. 


*  In  the  pyramid,  this  slant  height  must  be  measd  nloug  the  middle  of  one  of  the 
eidee,  not  along  one  of  the  edgee. 
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FBIISTIIHB    OF    PTBAMIDS    AHB    OF    COHES^ 


-I ^ — r- 


Fiir-  ••  Fiir-  ?• 

In  Flgft.  6  and  7. 

a  -«  area  of  top ;  e  —  circiiiufereDce  of  top ; 

A  ^     "     "  base;  C-  "  "  base; 

JIf  «     **     '*  aection  parallel  to,  and  midway  between,  base  and  top ; 
k  ■-  height,  perp  to  top  aod  base;       t  »  slant  heigbt* 

In  Flff.  7. 
r  -«  radios  of  top ;  R  -■  radius  of  base. 

Tolnmcft. 
FnHitiim  •r  pyramid  (Fig.  6)  or  of  eone  (Fig.  7),  regular  or  irreg^ 
slar,  right  or  oblique,  with  base  and  top  parallel. 

▼•ladM  -  A  (a  +  ^  +  i/cTT)  -  y  (a  +  .4  +  4  if). 
Fmstiun  of  rl|plit  or  oblique  elrcnlar  eone«  Fig.  7. 


{ 


Toivme  -  ^' »  (r  «  +  /?>  +  r  iJ); 


V  -  8.1416. 


area  of  sides*    (Add  top  and  base,  if  required. ) 

Fnuatam  ef  rl|pbt  refrnlar  pyramid  or  eoae, 

top  and  base  parallel,  Figs.  6  and  7. 

Area  -  ^  (c  +  0.» 

In  tke  rlirlil'  elrenlar  eonic  frnstnin,  this  becomes : 
Area  -  ir  «  (r  +  i2)  ,**        IT  -  8.1416. 

Fraatmn  of  Irreyalar  or  oblique  pyramid: 

Area  ~  sum  of  surfaces  of  sides. 
Each  side  must  be  treated  as  a  qusdrllateral. 
Add  areas  of  top  and  base,  if  required. 

*In  \h9 pyramidal  frustum.  Fig.  6,  »  must  be  measd  along  the  middle  of  one 
of  the  aide»t  as  shown,  not  along  one  of  the  tdwt. 
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PBISMOID8. 


f 


^ 


Fig.L 

A  prumoM  to  sometiiMS  <tmnnmn  wfttoHd  iMiftog  fiyr  Hi  , 

plMie  flfnirec,  connected  by  other  plane  flgnret  on  which,  and  through  every  potnf 
ef  which  a  straight  line  may  be  drawn  fxom  one  of  the  two  parallel  ends  to  tli« 
other.  Theee  connecting  planes  may  b«  paraUelograoM  or  not,  and  panll«l  to  mrJi 
other  or  not 

This  deflnltlan  iwronld  Incliad*  the  cube  and  all  othar  panllaloplpedBs 
tile  prism :  the  cylinder  (considered  as  a  prism  haTing  an  infinite  number  of  sidMil; 
the  pyramid  and  cone  (in  which  one  of  the  two  parallel  ends,  (•  the  one  fonnfliur  turn 
apex,  to  oousidered  to  be  infinitely  small),  and  their  fhistnms  with  top  and  nn— 
parallel ;  and  the  wedgsu 

But  the  use  of  the  term  prisaaold  to  frequently  veatrlef  ed  to  slz^ldad  aoUd^ 
in  which  the  two  parallel  ends  are  unequal  quadrangles ;  and  theconnaotingplaa«% 
trapeaoids;  as  in  tigs.  1  and  2;  and,  by  some  wiitexs,  to  cases  wbare  tba  paraiWI 
quadrangular  ends  are  ndanglu. 

The  following  •«prUmoldaI  tlwm«l»»  applies  to  aU  tba  fcrefoingnlidib 
and  to  othersi  ss  noied  below. 


Let  A  »  the  area  of  one  of  the  two  parallel  ends. 

a—    «        **     the  other  of  the  two  paraUel  endi. 
M  —    «        «     a  erosi  fsetton  midway  between, 

parallel  ands. 
L  —  the  perpendicular  distaaoe  between  lite  two  pardU 


A  +  n  ^-  4M 


Volume  -  L  X 


-LXMMIf 


Theibllowlngdx  figures  repreientaftiwortheiiregularso11dBWhlckftn«         

above  broad  definition  of  '*  prismoid,"  and  to  which  the  prismoMal  formula  appltoft 
They  may  be  regarded  as  one-chain  lengthsof  railroad  cuttinfui:  a  o  being  the  leM^ 
or  peipendlcutor  (horiaontal)  dlnanoebetween  the  two  parallel  (TetttMl) «^ 
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WEDOBB.  8( 

iratwla  Applies  miam  to  tti*  aifb^n,  heaihpbers.  a 
;  alio  to  aaj  Mctkiiit  ■uch  Mab«<Mid  OMidfrc^  of  I 


mm,  tn  vhich  the  Mm  ad,  ae,or  odjiCiBn  altaigkii  m  Uttf  an  only  when  dM 
cettiDK  piene  adc  paaeea  fkrmtgh  &»  aptx  or  top  a.    Also  to  tlie  cyltadetf 

when  *  plaoo  paraUel  to  (he  rida  paaaee  through  both  ends;  bat  not  If  the  plane 
WB  is  Mkqme^  m/%  in  the  fig^  though  nerer  erring  more  than  1  In  142.  In  tllis  last 
cose  we  nmsc  imagine  the  plane  to  be  extended  until  it  cuts  the  aide  of  the  cylinder 
Ukeeriae  extended ;  and  then  by  page  199  find  the  aolidilyof  the  nngnla  thus  formed. 
Then  find  the  aolidity  of  the  email  nugule  above  w,  alao  thna  formed,  and  snbtract 
h  from  the  large  one. 

This  Tery  extended  appHoabOity  of  the  priamoidal  formula  waa  flz«t  dlaooveied. 
■Ml  awde  kamra,  bj  lUirood  Monl^  a  &,  of  Philadelphia^  in  IMO. 


WBDGEfle 


{ 


FJff.]L 


A  wcdgo 

U  maaOj  doAned  to  be  ft  lolfd,  llge.  8  and  92jKeneniitod  by  ft  plane  triangle,  e««^ 
moTfoir  pn»l>ei  to  ItMlt  in  a  atmigfat  line.  This  deflnitioB  requires  that  the  twe 
triaagaler  enda  of  the  wedge  Aould  bo  parallel :  but  a  wedge  may  be  shaped  aa  in 
f^  10  or  11.  We  would  therefore  propose  the  following  deilnltfon,  which  embraces 
an  the  flgs.;  besides  Tarions  modifications  of  them.  A  solid  of  fire  plane  ikces :  one 
■f  wliieli  la  a  parallelogram  obed^  two  opposite  sides  of  which,  aa  a c  and  6 d,  are 
'    ~  tiy  means  of  two  trfangnlar  fhoea  cee,  and  hdm,  to  an  edge  or  line  »«i. 


panllel  to  the  otlier  opposite  sides  ab  and  ed.    The  parallelogram  abed  m»  I 
iltber  lectangular,  or  not;  the  two  triangular  Cues  may  be  slmilM-,  or  not ;  and  the 
•una  with  legsid  to  the  otbar  two  ftoet.    The  following  mleappUes  equally  to  all: 

«-  -  Sam  ct  Isngths         „,,„  *.«  _  «lwmm  width  of 
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SPHERES  OR  GLOBES. 
A  Sphere 

Is  A  Mlid  generetod  by  the  rerolntioii  of  »  semlolicSa  MOund  Its  diameter.  ICrery 
point  in  the  rarfiure  of  e  sphere  Is  equidistant  fk-om  a  certain  point  called  the  center. 
Any  line  passing  entirely  throuKh  a  sphere,  and  throogh  its  center,  is  called  its  aaeii, 
or  diameter.  Any  circle  de8crit>ed  on  tie  sarfiuse  of  a  q>here,  from  the  ornter  off 
the  sphere  as  the  center  of  the  circle,  is  called  a  great  eireU  of  that  sphere  .In  other 
words  any  entire  circumference  of  a  sphere  is  a  great  circle.  A  sphere  has  a  greatei 
content  or  solidity  than  any  other  solid  with  the  same  amount  of  surlhoe^so  that  i| 
th.^  shape  of  a  sphere  be  any  way  changed,  its  content  will  be  reduced.  The  inter 
section  of  a  sphere  with  any  plane  is  a  circle. 

ITolnme  <^  qihere 

—  I  TT  radiusS  —    4.1888   radius* 

"  14  ir  diameter*  ^    0.6236  diameter* 

..circumference*  «^,««<v   i         «.  m 

"■  % i ■"    0.01689  circumfcrsnoe* 

IT 

—  %  diameter  X  area  of  surfitce 

—  %  diameter  X  area  of  grrat  circle 

—  %  Toltime  of  circumscribing  cylinder 

—  0.5236  Tulume  of  circumscribing  cube. 

Area  of  avrflioe  of  sphere 

»  4  tr  radius*  —    12.6664  radius* 

—  TT  diamitcr*  —     8.1416  diameter* 

_  clroomfcren^*  _     ,^,8,  „^„r,„^, 

IT 

—  diameter  X  circumference 

—  4  X  area  of  great  circle 

—  area  of  circle  whose  diameter  is  equal  to  twice  diamstar  4f  lyiija 

—  curved  surfiMe  of  oircumiicribing  cylinder 
6  X  volume 

diametrr. 

Radliui  of  sphere 

*     '"I     Tolume  tkM^m     a    ^ — . 

=       V    ♦    — ^ir —  ™*   O.W036     "^voloms 

•'Area of  snrflice  -—        — . 

^^    V *lr ^    ^.07868  X  aiea of suiSci 

l?ireiimferenee  of  sphere 

=r    *v/6  7r»  volume  ss^    'v/50.2176  Tohins 
a«   \/ir  erea  of  surihoe             sa   ^3.1416  arse  of 
area  of  surlhee 
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MENSURATION. 


S  P  H  E  R  E  S — (OowTiinnsD.) 

1 

1 

1 

i 

1 

2 

1 

1 

^ 

i 

1 

^ 

00 

<£ 

s 

m 

1 

Q 

(C 

5 

& 

& 

H 

we9.i 

10IB4 

N 

4214.1 

r572t 

H 

6756.5 

b2231 

H 

S8P6.0 

83570 

n. 

8390.9 

103<Ki 

11 

4243.0 

25&b8 

H 

6792.9 

62645 

U      9W0.3 

93190 

H 

3311.5 

104  >0 

H 

4-271.8 

26234 

6^29.5 

63071 

h       9684.4 

S3818 

3SS2.8 

10395 

37. 

4300.9 

2632-2 

6S66.1 

63499 

H 

10O29 

94488 

m^ 

3354.3 

10741 

H 

4830.0 

'ib71«2 

yt 

6102.9 

63829 

^ 

10073 

95066 

w 

837-^8 

1088^ 

\i 

4359.2 

27063 

47. 

6t39.9 

64362 

10118 

05697 

^ 

2397.5 

11038 

h 

4388.5 

27337 

H 

6976.8 

64797 

}i 

10163 

96330 

2419.3 

lilies 

J4 

4417.9 

27612 

H 

7013.9 

6.5231 

57. 

10307 

96967 

J^ 

3441.1 

11341 

H 

4447.6 

27«« 

^ 

7050.9 

&5674 

H 

10352 

97606 

SB. 

3-163.0 

11494 

H 

4477.1 

28168 

70W.3 

66115 

^4 

10297 

»24i 

M 

3485.1 

11649 

H 

4i')06.8 

28449 

H 

7125.6 

56559 

h 

10848 

9(«8S 

3J07.3 

11605 

88. 

4336.5 

28731 

h 

7163.1 

57006 

H 

1C387 

99641 

« 

3529.5 

11963 

H 

4566.5 

2&016 

h 

7200.7 

67455 

P. 

10433 

loom 

2351.8 

12121 

z 

4396.4 

29302 

48. 

7239.3 

67S06 

10478 

100846 

g 

2574.8 

12281 

S 

4626.5 

295E0 

H 

7276.0 

68360 

h 

10523 

101501 

3396.7 

13443 

H 

46.'i6.7 

2»^ 

u 

7313.9 

6^815 

68. 

10S68 

103161 

V 

2619.4 

I2a6 

H 

4686.9 

30173 

H 

7351.9 

69274 

H 

10614 

102881 

Jt. 

2«M2.I 

12770 

H 

4717.3 

8<M66 

h 

7389.9 

66734 

10660 

100488 

H 

2663.0 

12136 

}i 

4747.9 

30762 

742«0 

60197 

10706 

104156 

2687.8 

13103 

39. 

4778.4 

31039 

7466.3 

^ 

10761 

104886 

a^ 

3710.9 

18272 

h 

4809.0 

31359 

y^ 

7504.5 

61131 

^ 

10798 

105488 

\y 

2734.0 

13442 

u 

4839.9 

31661 

49. 

7543.1 

61601 

10M4 

1061 76 

^ 

2767.3 

13614 

h 

4870.8 

3IS64 

H 

7581.6 

63074 

h 

I08fi0 

100854 

ty 

27B0.5 

187b7 

H 

4901.7 

32270 

U 

7620.1 

62549 

66. 

10186 

107686 

U 

2b04.0 

13961 

N 

4982.7 

32577 

7658.9 

68026 

10188 

108221 

ao. 

2837.4 

14137 

?4 

4C64.0 

32^86 
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7697.7 

68506 

L^ 

11039 

108808 
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3831.1 

14315 
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4995.8 
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7736.7 

63989 

^1 

11076 

108600 
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2874.8 
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5036.5 
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7775.7 

64474 

^ 

11128 

I10296 

te98.7 

14674 
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6058.1 

33826 

S 

7814.8 

64t61 

^ 

11169 

1HW90 

iv 

29-J2.5 

14856 

J.4 

50H&.6 

3414.1 

50. 

7854.0 

664  V) 

h 

11216 

111698 
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2946.6 

I50.S9 
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5121.3 

8J462 
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7893.8 
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y% 

11263 
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1^ 

2970.6 

152:4 
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6153.1 
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7932.8 

66436 
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11»I0 

113098 

u 

2994.9 

15411 
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6184.9 

35106 
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7972.3 

66134 
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11367 

113806 

a. 

3019.1 

15.599 

h 

6216.8 

35431 

u 
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674.13 

H 

11404 

114618 

K 

3043.6 

15788 

H 

6248.9 

35738 

5: 

8061.6 
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% 

11462 

1I623S 

1 

3068.0 

15979 
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6-281.1 

36087 
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68439 
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11469 

11684V 

3092.7 
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6313.3 

36418 

h 

8I3I.8 

68946 
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11547 
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117898 
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16361 

x^ 

6378.1 
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66167 
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11642 
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3166.9 

16738 
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6410.7 

87423 

j^ 

8251.6 

704« 
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11690 

118847 

u 

3193.0 

16957 
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37763 

1^ 

8292.0 

70S!,9 
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119678 

M. 

8217.0 

17157 
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6476.0 

38104 
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8333.8 

71619 

11786 

1S0815 
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3242.3 

17359 
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6508.9 

88448 

^ 

8372.8 
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^ 

1U34 
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17563 
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88792 
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72565 
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121784 
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38140 
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8454.1 

73012 

5j 

11131 
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8535.8 
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184789 
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8395.4 
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185646 

». 

3431.3 

18817 
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5741.5 

40108 

H 

8658.9 

75767 

12174 

186306 
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3447.8 

19032 

% 

677.5.2 

41268 
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8700.4 

763C9 

i 

12223 

137087 

3473.3 

19218 
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.5«)8.8 

41630 

8741. T 

76834 

12273 

187898 

« 

3499.5 

19466 

H 

5842.7 

4IS94 

}i 

8783.3 

77401 

H 

12323 

138601 

8535.7 

196«5 

6876.5 

42360 

58. 

8824.8 

77952 

12371 

1 29378 

g 

3552.1 

199<)7 

K| 

6910.7 

42729 

H 

8866.4 

78505 

X 

12420 

190147 

3578.6 

20129 

1^ 

5M4.7 

43099 

Va 

8908.3 

79060 

63. 

1-2460 

130935 

yi 

8605.1 

30354 

M 

5978.9 

43)72 

h 

8950.1 

79617 

H 

r2619 

1SI706 

u. 

3631.7 

S0580 

M 

6013.3 

48846 

H 

8992.0 

80178 

^ 

12568 

133498 

H 

8658.5 

aoeoh 

H 

6047.7 

44324 

g 

9034.1 

80741 

12618 

138377 

3685.8 

21037 

44. 

60821 

44603 

9076.4 

81308 

^ 

1-J068 

184067 

3712.3 

21268 

H 

61 16.8 

449M 

M 

9118.5 

81876 

n 

13718 

194808  . 

IV 

37.TO.3 

21501 

M 

6151.5 

4.5367 

64. 

9160.8 

82+18 

12768 

195667 

^ 

3766.5 

21736 

H 

6186.3 

43738 

H 

9203.3 

830-.' I 
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1»I9 

196456 

S798.T 

21972 

H 

6221.2 

46141 

s 

9246.0 

83^98 
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12868 

187199 
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3821.1 

22210 
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62501 

46530 
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84177 

ji'  ia»i8 

ir066 

». 

3848.6 

22449 
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629141 

4«922 
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9331.2 

84760 

^    13019 

198874 

3876.1 
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6336.5 

47317 
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9374.1 
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198688 

\£ 

8903.7 

82994 
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6361.7 

47713 

« 

9417.2 

85P31 

H     13070 

140SOI 

s 

3681.6 

28179 

H 

6397.2 

48113 
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W60.2 

865-Jl 
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141888 

0 

3959.3 
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H 

6432.7 

48513 
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9503.3 

H7114 

f«     131 73 

148148 
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8987.2 

23674 

H 

6I6R.S 

4H»6 

H 

9546.5 

87709 
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148961 

4015.3 

23924 

H 

6503.9 

49831 

I 

9590.0 
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149784 

>( 

4043.8 

34176 

6539.7 

49729 

9633.8 

8i«0»* 

H     l-<324 

144635 
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4071.S 

34429 

^ 

6575.5 

50139 

>4 

9676.8 

89511 

k     13376 

145468 

4099.9 

846R5 

t/ 

66116 

60561 

9720.6 

90117 

S     13477 

148897 

1/ 

4138.3 

24943 
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6647.6 
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H    13478 

147198 

s 

4IS6.9 
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6688.7 
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\c 
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^    »i61 
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SPHERES,    ETC. 


Spliere,  A;    con*,  C?    and  cylinder,  Y; 

of    equal   diameters,   d,   and   of    equal   heighta,   h. 
(d  -  A). 

Yolnmeft.    Y  -    |^  5  -  3  C. 


Curved  Snrfeces.    Y  -  iS  — 


2C_ 
V  1.25 


Heintflphere,  H;  cone,C:  and  cylinder,  Y( 

of    equal   diameters,  d,  and   of    equal    heights,   h. 
(d  -  2h). 

Yolames.    Y  -  ^  ff  -  3  C. 
Curved  Surfiftces.    T  ^  H  '-  C  V^- 


Kplierlcal  xones  and  se^nientB. 

Let  72  "  radius  of  sphere ;  h  -  height  of  xone  or  segment : 

r   "»  radius  of  base  of  segment  circumference 

=  radius  of  either  end  of  aone;    v  —   — t--— rrr:; —  ' 
r,   =-  radius  of  other  end  of  »one:  sle  p.  161. 


^'^  -  3.14159  . 


t«-tV-»t 


!*-tV** 


Zone 


Zone 


Segmeni 


Shea 


Then 


Yolnme  of  sone  =  ~  (h  +  n^  +  -«-)  A 

Yolnnie  of  seirmen^  "  '^  {^  '^  ^z)  ^       "       '  (^  ~  3  )  **' 


Curved  »urftice 

of  zone  or  segment 


g- .^  X  surface  of  sphere  —  ^^  X  4vB*  —  2vieA. 
In  the  segment,    2  i2  —  -^r    +   A. 


Splierleal  siiell. 
Yoluine  —  volume  of  q>here  ah  —  volume  of  sphere  e d 


Circular  Spindle.  Fig,  p  209. 
The  circular  spindle  is  the  solid  abny  a,  generated  by  the  revolution  of 
a  circular  s^i^ent,  ab  n  e  a^  about  its  chord,  a  n,  as  an  axis.     Let 


C  —  ae  ^  li  chord  of  segment ;     ^  «  \'^C*  +   A* 
A  —  « 5  B  height  of  segme"*  ■  K      ,    .  , 

A  —  o  6  <—  radius  of  circle 


A  —  « 5  B  height  of  segment ; 
radius  of 
_  5L±_A!. 
""       2A      •  «  —  — «.  ».«^» ^  g- 

hi  °"  or  »  R  —  A  —  distance  from  oen,  o,  of  drde,  ^lL9^QCof  chord. 


—  chord  of  half  the  segment ; 
L  —  length  of  arc,  abn; 
5,                   ,         Lr       Chi 
S  —  area  aoe  »  — t ^  : 
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Then,  Tola 


-  4,  (f -.*.). 


YoUn 


-  2x  [(C  -  f )  C.  -*,5.].  wh«,  5,  -  •!?5al*?. 
Cireiilar  Binffy  of  CSrouUr  or  Beotancular  Croiii  ■ection. 


Lot 


Then. 


a  —  area  of  croas-aection  of  bar  of  which  rins  is  made ; 
e  —  dreomferenoe  or  periphery  of  orofl8-«6Ction  of  bar; 
d  —  half-sum  (or  averace)  of  mner  and  outer  diameters. 


Vol! 


Be  —  wad] 


8arfia«e  >■  v  c  (f. 


EUlpMid. 

The  elfipeoid  is  tiie  solid  generated  by  the  revolution  of  an  ellipse  about 
either  axis.  The  generating  ellipse  may  be  a  variable.  It  revolve  on  a  con- 
stant axis,  and  its  vertices  describe  either  another  ellipse  or  a  circle,  whose 
oenter.  in  either  case,  coincides  with  the  center  of  the  generating  ellipse,  and 
vhose  plane  is  perpendicular  to  the  axis  of  revolution.     See  "Spheroid,"  below. 

Spheroid. 

THe  splierold  Is  an  ellipsoid  In  wlilcli  thegenerating  ellipse  is 
emstanl  aiid  in  ^hich  its  vertices  describe  a  cirde.  When  the  generating 
dlipae  reivolva  about  its  Umger  or  trannerae  axis,  the  prolate  spheroid  results; 
vhen  about  its  thorter  or  eonjvgate  axis,  the  oblate  spheroid. 

In  oltlier  ease,  let   ' 
diam,  of  the  ellipse.    1 


i 


'hen: 


the  fixi  diam;  let  m  *  the  tnaring  or  revolvino 
Tolnme   -»  irtn*//Q.     Snrlkee  (approx) 


+   P)/2. 
The  term  "ellipsoid"  is  frequently  defined  as  Is  "spheroid"  above. 

Paraboloid. 

The  |»arabo1oid  is  the  solid  generated  by  the 
revohition  of  a  parabola,  a  e  6,  about  its  axis,  e  d. 
r  *  radius,  d  b,  of  base  ;  A  —  hdght,  d  e 

Cnrwed  aorfiiee 


-(n^)[(- -«•>»-'•] 


PaTab*loid 


Fmstam  of  paraboloid. 

Bnds,  0  k  and  a  b,  perpendicular  to  axis,  d  c.     ri  ■■  radius,  e  k,  of  base,  g  k. 
hi  ■■  httght,  d  e,  of  frustum. 

Volnnae  —  paraboloid,  a  eh  —paraboloid,  gek^  -  ^  fci  C^^  +  n"). 

Cairred  rarisee  >■  surface  oc 6  —  surface  ae^* 
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SPEOmO  GRAVITT. 

1.  The  specific  sravltj,  or  relative  denstty*  D*«  of  m  nbttaneiL 
is  the  ratio  between  the  weight,  W,  of  any  given  volame  of  that  subatauoe  and 
the  weight,  A,  of  an  equal  volume  of  some  subatanoe  adopted  aa  a  standard  »1 

comparison.    Or:    D  =  -j. 

2.  For  jnBeous  anbstaneea,  the  standard  substance  Is  air,  at  a  temper, 
ature  of  0<^ Cent.  »  dl2P  Fahr.,  with  barometer  at  760  millimeters  —  29.922  Incbaa. 

3.  For  solids  and  liquids,  the  standard  substance  is  distilled  water,  at  its 
temperature  (4^  Cent  =>  89.2^  Fahr.)  of  maximum  density. 

4.  For  ail  ordinary  purposes  of  civil  engineering,  anj  clear  fresb 
water,  at  any  ordinary  temperature,  mar  be  used.  Eren  with  water  at 
BOP  Cent.,  =  86^  Fahr.,  the  result  h  only  4  parts  in  1000  too  great. 

5.  When  a  body  is  immersed  in  water,  ttie  upward  foroa,  or  **  buoyancy.** 
exerted  upon  it  by  the  water,  or  the  **lo8S  of  welcht'*  or  the  body,  due  to  Its 
immersion,  is  equal  to  the  weight  of  the  water  displaced  by  the  immersion  ot 
the  body  t;  or,  If 

W  »  the  weifffat  of  the  body  in  air, 

tr  a  its  weignt  in  water, 

D  ■=  iu  rebitive  density  or  spedflc  gravity, 

A  »  the  weijsht  of  water  displaced ; 

then  A  -  W -»;  «.d  D  = 'f  =  ^. 

6.  Since  the  rolume,  V,  of  a  body,  of  given  weight,  W,  is  InTerselv  aa  its 
density,  or  speciAe  gravity,  D ;  the  specific  gravity  is  equal  also  to  the  ratio 
between  the  volume  V,  of  an  equal  weight  of  the  standard  snbstanoe^  to  the 

volume,  V,  of  the  body  in  question ;  or  D  =  „-•. 

7.  The  specific  graTitles  of  substances  heavier  than  water  ve  ordi- 
narily determined  by  weighioK  a  mass  of  the  substance,  first  in  air  (obtaiiw 
ing  its  weight,  W),  and  then  when  the  mass  is  completely  submerged  in  water 

(obtaining  its  diminished  weight,  «?).    Then  D  =  ^_    ,  as  in  f  5. 

8.  If  the  body  is  Ushter  than  water,  it  must  be  entirely  immersed, 
and  held  down  against  its  tendency  to  rise.  Its  weight,  w,  in  water,  or  it» 
upward  tendency,  is  then  a  negative  quantity,  and  means  must  be  provided  for 
measuring  it,  as  by  making  it  act  upward  against  the  scale  pau.  We  then  haveu 
A  =  W-(--ti;)4w  +  5;or 

Leas  due  to  immersion  =  weig^it  of  body  in  air,  plus  its  buoyancy. 

9.  Or,  first  allow  the  body  to  float  upon  the  water,  and  note  the  resuldng  dia- 

?laceraerit,  v,  of  water,  as  by  the  rise  of  its  surface  level  in  a  prismatic  vesseL 
'hen  Immerse  the  body  completely,  and  again  note  the  displacement,  V.  Now 
v,  the  volume  displaced  by  the  body  when  floating,  and  V,  the  volume  displaced 
by  the  body  when  completely  immersed,  are  proportional  respectively  to  the 
weight,  W,  of  the  body,  and  to  the  weight,  W  —  tr,  of  a  mass  of  water  of  eqnal 

Tolnme  with  the  body.    Hence  D  *»  ===— —  «  ^. 

10.  Or,  attach  to  the  light  body,  6,  a  heavier  body,  or  sinker,  8,  of  such  den- 
sitv  and  mass  that  both  bodies  together  will  sink  in  water.  Let  W  be  the 
weight  of  the  light  body,  b,  in  air ;  Q  the  weight  of  both  bodies  In  air.  and  9 
their  combined  weight  in  water.  Then  Q  ~  9  =  the  weight  of  a  mass  of  water 
of  eoual  volume  with  the  two  bodies,  and  Q  —  W  —  the  weight,  S,  of  the  sinker 
in  air.  By  immersing  the  sinker  alone,  find  the  weight,  k,  of  water  equal  in 
volume  to  the  sinker  alone,  »  loss  of  weight  in  sinker,  due  to  immersion. 
Then,  for  the  weight.  A,  of  water  of  equal  volume  with  the  light  body,  6,  or  for 

•  Strictly  speaking,  "  specific  gravity  *»  refers  to  toeiahi,  and  " relative  density  " 
to  mtug  (see  Mechanics,  ArU  14  a);  but,  as  spedlfc  grarlty  and  denaUy  are 
numerically  equaL  they  are  often  treated  aa  identloaL  , 

t  See  HydroetaUcs,  Art.  18.  igitized  by  L^OOg  IC 
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the  IQM  of  mii^  of  ft,  dm  to  lmn«nloQ,  whmf  Am^H^^k;  and,  for 
tlMn>eeUlegimTit7,D,of  theUghtbodj,  6,  welMToD  -  ^J^_^  -  —^ 


the  (anknowD)  baojftncy  of  b. 
11«  A  srannlar  bodj*  as  a  mass  of  saw-dast,  graTeL  sand,  oemeot,  eio., 
or  a  poroua  body,  as  a  man  of  wood,  oindor,  oooerate^  sandstooo,  etc.,  is  a  oom- 
poeite  body,  coDsisting  partlj  of  solid  matter  and  partly  of  air.  Thus,  a  cubio 
foot  of  quarU  sand  weighs  about  100  Ibo.;  while  a  cubic  foot  of  quaru  weighs 
about  165  Iba. 

12.  The  specific  sraTlty  of  poroiis  subfliances  is  usually  taken 
as  that  of  the  com|Joaice  mass  of  solid  and  air.  Thus,  a  wood,  weighing  (with 
its  eoQtained  air)  62JS  t«.  pw  cubic  fooL  or  the  same  as  water,  is  said  to  have  a 
■pedilc  gravity  of  L  The  absorption  oi  water,  when  such  bodies  are  immersed 
for  the  purjpose  of  determining  their  specific  gravities,  may  be  prevented  by  a 
thin  coat  oi  varnish. 

13.  The  specific  sravlty  of  cnuiiihtf  sabstanees  la  sometimes  uken 
as  that  of  the  solid  part  alone.  Thus,  Portland  cements  ordinarily  weigh  (in 
air)  Arem  75  to  90  lbs.  per  coble  foot,  which  would  correspond  to  specific  gravities 
of  fiom  1.20  to  1.44 ;  hut  the  specific  gravity  of  the  solid  portion  raugei  from 
SwOO  to  3t.25 ;  and  the  latter  figures  are  usually  taken  as  representing  the  specifio 
gravities. 

14.  in  determining  the  specific  gravities  of  substanoes  fsnch  aa  cement) 
which  are  soluble  In  water  or  otherwise  ailbcted  by  it,  the  subeunoes  are 
weighed  in  some  liquid  (such  aa  beuxine,  tarpeotioe  or  alcohol)  which  will  not 
aifect  them,  iostead  of  in  water.  The  result,  so  obtained,  must  then  be  multi- 
plied by  the  ratio  between  the  density  of  the  liquid  and  that  of  water. 

15.  The  specific  sraTlty  of  a  liqold  is  moat  directly  determined  by 
weighing  equal  volumes  of  the  liquid  and  of  water. 

IfiL  Or  weigh,  in  the  liquid,  some  body,  whose  weisht,  W,  In  air,  and  whose 


i 


speafie  cravity,'d,  are  known.'    Let  w'  =  its  weight  m  the  liquid.    Then,  for 
the  specific  gravity,  D,  of  the  liquid,        * 


;  W  — tf>'=id:D;   or  D« 


we  have 

rf(W— «<) 


^  17.  Or,  let  the  body,  in  1 16  (weighing  W  In  air),  weigh  w  In  water,  and  (as 
before)  w'  in  the  liquid  in  question.  Then,  since  specific  gravity  of  water  —  L 
we  have  «-  •-       * 

W-tr:W--ir'-l:D;  or  D==!^""^. 

18.  The  specific  gravitlee  of  Uqnids  are  commonly  obtained  by  observing  the 
depth  to  which  some  sundard  instniment  (called  a  hydrometer)  sinks  when 
allowed  to  float  upon  the  surface  of  the  liquid.  The  greater  the  depth,  the  less 
the  specific  gravity  of  the  liquid.  In  Beanm^s  hydrometer  the  depth 
of  iramenion  is  shown  by  a  scale  upon  the  instrument.  The  graduations  of  the 
scale  are  arbitrary.  For  liquids  heavier  than  water,  O^*  corresponds  to  a  specific 
xraTlty  of  1,  and  7r>  to  a  specific  gravity  of  2.  For  liquids  lighter  than  water, 
loo  eonoipond  to  a  q>ecifio  gravity  of  1,  and  OO^  to  a  specific  gravity  of  0.745. 

19.  In  TwaddeU*s  hydrometer*  used  for  liquids  heavier  than  water, 

specific  gravity  -  «  X  »o.  of  degreea +  1.000 
Thni^  if  the  reading  be  OO^  ' 

qwdfic gravity j~^ ijooo"  *«• 

90.  In  Nicholson's  hydrometer*  largely  used  also  for  solids,  the  specific 
gravity  Is  deduced  from  the  weights  reonired  to  produce  a  standard  depth  of 
imnBerBion.  It  consisu  of  a  hollow  metal  float,  from  which  rises  a  thin  but  stilf 
wire  carrying  a  shallow  dish,  which  always  remaiui  above  water.  From  the 
float  la  suspended  a  loaded  dish,  which,  like  the  float,  Is  always  submerged.  On 
the  wire  supporting  the  upper  dish  is  a  standard  mark,  which,  in  observations, 
ia  always  brought  to  the  surface  of  the  water.  The  specific  gravity  Is  then  deter- 
mined by  means  of  the  weights  carried  In  the  two  dishes  respectively. 

21.  The  determination  of  the  specific  graTltles  of  saaeous  sub- 
st»meas  requirea  the  skill  of  expert  chemista 


J 
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sPBOiFio  oRAymr. 


Tftble  of  speeiflo  ^rmwtUmm^  and  welyhto. 

In  thlB  table,  the  sp  gr  of  air,  and  gaoM  also,  are  oompared  with  Chat  of  water 
ii»t4«dofthatarair;  whichlaetiatuuaL 


Hw  speoffic  graTitj  of  any  eolMtaiMe  la  «  ita  welslii 
ill  grmnm  per  cnblo  oentinieU^ 


Air,  aunoipbarfo }  mW>  Fah,  ud  onder  th«  praHor*  vT  on«  fttaoaphm 

U.T  fts  per  iq  iBok,  w«|glu  j^  partu  noeh  u  wain- at  fQo. 
Aloobol,  pura 


**       proof  Bptrlfc..! 
Aah,  parfeodjr  dry. 


lanre  wdghs  1.T48  toni. 


1000  ft  board 
Alb,  AmerfcMii  wblta.  dry 

1000  Ateard  meaaara  wdgfaa  1.414  toni. 
Alabaster,  fktooly  w  oallad;  but  really  Marblas, 

•'         real *~ 

AlnBlnloBB.... 
Anttmooy,  east,  S. 
aaUva. 
AoUiraette.    See  Coal,  below. 
Aepbalraaa.  1  (a  1.8. 


aoompaet  whlM  plaster  of  Paria. avcrafe 

to  0.74 arenge 


Batb  Stone.  Oolite. 

Btamath,  east.    Alao  natlTe 

BUnmen,  solid.    See  Aspfaaltam. 

Brasa,  (Copper  and  Ztoe.)  east,  7.8  to  8.4. 

"     rolled 

Bfonae.    Copper  8 parts;  Tin  1.    (Onn  netal.)  8.4to8J. 

Bnekf  best  preescd.. •.••••...•  *•■•.......■....,.......•.. 

**      eommeo  bard , 

**      eolt,  laflirlor 

Brtakwork.    SeeXaeonry. 

Boxwood,  dry 

Oalelte.  transpannit..»*.a«..*««... •..•••....... ........ 

Carbnnte  AekfOas.  U IM  ttaas  aa  beavy  aa  air. 

OMsmt.   (SoeflS.) 

•<  Portiand,  8.00  to  8.38 

••  Katnral.  I.7&  to  S.OO. 

Cbalk.l.StoS.8. 

Cbarooal.  of  plaea  and  oaka^ 

Oberiy.  perftotly  dry 

Cbestnut,  perfteily  dry  —**- 

Goal.    Bee  also  pace  tl 5. 
Anibraeit«,l.>tol.T~. 
piled  k 


Bltamlnona,  1.1  to  1.4..... 
"  piled  leoee~ 


••    pUed  loose .,....- ...a.. 

In  ooklnt*  eoala  swell  from  U  to  50 
Cepp«r,eial, 8.0  to  8.8. 


..8.8toy.O.. 
Oryttal,  pare  Qa«rts.    See  Qaarti. 


Diamond,  9.44  to  S.66 ;  usnally  S.&1  to  S.S6  . 
Barthiooma  .     f    .       . 


i;  usnally  3.51 
n,  perfeetfy  drr, 


•*          "    moderately 
iUf  htly  iMlst.  looee. 


*•  moderately  peeked 

as  a  soft  flowing  mnd 

aa  n  aoA  mod.  well  preaaed  Into  a  box. 


llm.  perllMtiy  *y. 

lOMAbouda 

Ibony,  dry 

Emerald.  I.OSI0S.T8. 

Pat 

Pllnt 


Oamai,  i.b  to  4.8;  PrMiou]  4.V  W V^S**.*.*.'.!*.'.*.*.*!'!*'''.!'.'.!!!!.      *• 
OUes.l.6io8.46 " 


Mill  villa,  Kew  Jera^.    Tbiak  flooring  glass 

a.  M8  to  8.88.    8oe  Umeaioaa.  MO  to  KM 


L^dSgi^ 
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TA^te  •r  mpemtme  ffroTlttcs,  and  w«lirii«i-(Omtlntted.) 


gntTity  of  any 
VBOM  per  evbie 


■obstaDoe  is  -i  Ito  weigtkt 


5-rr«,.tal,oj^U«.. 


OypMm.PlaMeror  Pwla.   I.MI0 

^  to  ilTMlW  » 


BUMBd.  Wl 

,p««.arMowsu 


•  ptlM.. 


vuf,  IM  to  U^... 
treq— ndy  oonu" 


**        iMWBaj  ooatalaiBf  iDTar,  154  to 

pm^kaBiiMrad.  19.410  uT. 

GvttaPOToto. 

BoraMnde.  btaok,  S.1 10  8.4. 

Bydvosen  Om.  U  1434  IUbm  Ughtar  tbu  air ;  ood  1«  Ubmo  Ufhtor  tlian 


HiekOTj.  pOTftetijr  drr. 
1000  feet 


board  meaonro 


••  F%c  aa4  cMt  Iron  aad  mti%  atael...... — ». 

••  WroacMinBaiidcteol.aiMlwlra,T.6taT.9.. 

Iwj 

too.  Ml  tm  Jn» 

ladiarabbcr.. 

Ugmum  vtta,  dfj 

Lard....  . 


|,11J»I»11.4T 
krWoa,l4loSJ  . 
•*       ocdlnarilvvlMaC. 


4T;M 

SJit,  IM  to  11SA.. 


quarrted  la  Irrofntar  tngwmnU,  1  o«b  jard  ooUd. 
Biakea  about  U  eob  jda  ptrfbotlj-  looao;  or  about 
IH  7<1*  piled-  IB  tbbi  last  oaM.  &n  of  tbo  pile 
is  Mild:  and  Um  ranaialag  AIB  part  of  U  ia 


bMMa.pwatr«ekbiiahal<Slo70A« 

wolltbakcn.    ••       *•    ....(»     **   ...., 

••       tborottghlj  sbaiMi, "    ,...mi  "  

8paa]a]i.drT«. 

HoBdaraa,  dry 


Mmmrj,  of  groiaUa  or  linaatoiMa,  well  drasnd  tkrooshoiit. 

«        M       M     wtUaoabblod  mortar  rabble.    Aboat  ■!  ortba  i 
wOlbaa—  • 


"-% 


bbleddtT 
MabUed 


mortar  mbUa.    Aboat  M  ••  M  pvt 


n«gbl7  aoabblod  dry  nibblo 

At  IM  fta  par  oob  n»  a  oab  yard  waiCba  1.888  iraa}  and  14.45  e«b  ft, 


.  SmJoIbu 

sqaalltj 

ooMw;  lafbrlorooftbrlekt ** 

4t  US  Aa  p«  aab  ft»  a eab  jard  v«lgb«  1.507  tona;  aad  ITJt  oob 

y.atSSOFah 

-  9BP   " 

"  ll'io    " 

Hiaa.  S.7Sto8.1 

Morttf  ,  haideaed,  1.4  ta  1.1. 

If  ad.  &rf,  dbom. 


Avorogo 
BpOr. 


S3 

175. 

188. 

LS7 

141.8 

81. 

58. 

>•.*>...«• 

84. 

61  ta 

*i' 

187. 

187. 

19.08 

1104. 

18.81 

im. 

18.6 

1117. 

.88 

81.1 

8.S 
..••>••■•• 

SOS. 

VtoTa 
Cob  Ft. 


7.1 
1.T5 
L81 


S.8 
S.T 


1S.8S 
18.58 
18.88 
1.88 

1.86 


intadN 

114. 
57.4 
58. 

8S. 


140L 
115. 


848. 

888. 
188. 

im. 

80  to  118 
110  to  180 
IMtolM 


•  drce»  Cimbers  usoally  weigh  £rom  one-fifth  to  nearly  one-half  more  than 
-       -         -       vhaaMarab^aaaaoaod  aboat  «M-«izUimofc«baBp«rfeoUy  dry 
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Tftbtottf 


8PB0IFI0  QRAVmr. 
vmTittMK 


Hm  •peoille  gfrnrltj  of  mij  Mitoteiioe  to  *  ita  welslii 
in  cnrnis  per  ciiM«  mr — ' — "— 


HitnfMiOu  Uaboat  ^  pvt  lifbtar  than  air 

Oak,  llT«.  pwltoUy  dry,  .M to  LOt* .....avertM.. 

■•    wbita,      "         «•      .Mio   .as "      .. 

"    red.  blaok.  *0« •• 

OtU,  whale;  oUt« "      .. 


••    oriurMBtlM 

Oolites,  or  Boestoaee,  1.9  to  U. . 
Oxjgw  Qae.  a  Uttto  mc 
Potroleon 


I  JL  part  hearlor  than  air. . 


Peat,  drj-,  m 

PtiM,  whlta,  iMTltoUj  drj,  J6  to  .tf«. . 
1000  ft  board  meaei 
"     yellow,  Nonhera,  .48  to  .01. . 

1000  ft  board  meaearo  w«<chs  1.S70  tou.* 

*■         *•       Soatbem,  .04  to  .80 

1000  ft  board  neaaare  waigba  1.074  ( 
PlDe,  heart  of  lou«leafM  Sontham  ytllew,  — maa 
1000  ft  board  Beaaara  welgha  s.«18  U 


PiMicr  of  Parle ;  eee  Uypaam. 

Powder,  eligtadj  ebaken 

Porphyry.  S.05  to  1U». 

PlaUaoin ^ 11  toU , 

**       aativa,  in  gralna lOiolO , 

<turta,eoDimoB,pare 1.0itotj8r  .., 

flaely  pvlvaflaad,  loeae 

"  "  "  areUabaken., 

tf  «(  M  ••  --  -       - 

One  1 


'*   quarried,  laoaa. 

piled 

Baby  aad  Bapphlrtp  S.8  lo  4.0^ . 

Boein 

tali.. 


Band,  pare  qoartSt  perfeot^  dry,  l0( 


illfbtly 


••  rammed,  drf. 

natural  aand  eoneUu  of  gralna  of  diObreat  rtaaa,  and  wolghe  mora,  per 

vnit  of  TolnaM,  than  a  aand  aifted  from  it  and  having  — ' " 

nalltarm  oiaa.    Sharp  m 
may  weigh  aa  maeh  ae .. 


I,  than  a  aand  aifted  from  it  and  baring  gralna 
Sharp  aand  with  rety  large  and  very  email  gral 


Band  le  Tory  retentive  of  notoinre,  and,  when  In  large  balk«iu  natacal 
molatnre  maf  dlmiBlah  He  weight  from  6  to  10  per  eent. 
••  perfboUy  wet,  Toldaftall  of  water 


I,  Bt  for  balldlng.  drr.  t.l  to  1.18 1*1  to  ITl. 

qoarrled,  mid  piled.  I  i 


Bnow,  freeh  fkllea.. 


1.61 

'by'rai 


IHV 


Byoamere,  perffmtly  dry, 

1000  ft  board  meaanra  weUha  1^70  tona. 

•halaa,  red  or  Maok 1.4tos3T. 

*       qoarried,  in  pilea 

*"-'-         l.TtoLO 


.  l.OBtel.8..... 


Bled,  7. 7  to  7.9.    The  bmrleat  oonulni  leaet  eaiton *'     .. 

Stoel  la  not  beariar  than  the  iron  ft-om  whieb  It  ia  made;  nnlau  the 


Bapphiie ;  and  Bnby,  8.8  to  4. 

Tallow 

Tar 

Trap,  eompaet,  S.8  tn  S.1 ., 

**     qnamed:  In  pilea... 

Topaa.  8.45  to  8.00 


BpOr. 


M 
.77 


M 

.87 
1.1 

.00188 
.878 


1.18 

1. 

1.78 
11.5 
lf.8 


8.8 

U 


t.il 


1.8 

10.5 
1.78 
T.85 


A 


8J 


WioT  1 
Cab  Vx 


81U>«» 
57.8 


54.8 
10  to  80 


IVOL 
1841. 


105. 
Ul. 


60  to  TO 

•OtolOf 
MCollO 
100  to  110 


118  to  118 
UL 

88. 
lOL 

5  to  11 
15to50 

87. 


175. 
8B&. 
1701 


81.4 

187. 
107. 


*C(r«en  ilHoben  usually  weigh  from  ooe-flab  to  nearly  ooe-balf  mora  than 
drr :  and  ordinary  building  Umbera  when  tolerably  aeaaened  about  one-aUth  more  than  pcrfMUy  dry 
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-(ContuiiMd.} 

Thm  Sfwctilc  gniTlty  of  anj  unbatanoe  is  »  If  s  welirhi 
In  KTMiis  |Mr  evbto  oentlBietre. 

AVOTIfl* 

BpOr. 

Am«f» 

cobrt 

hba. 

TlB.easi.  T.i  I0  7J urvnga.. 

7J6 

4BB. 

Tvf.«rPMCdrj.  maptmmA. 

Water.    S^pm^tat.                                                       

lOtoSt 

JV 

MJ 

Wlam  .Ml  M  1  (H X ""^  " 

S 

Ml 

Wtma,ijfiS»*S, ^ «     .. 

OIJ 

««eiipted  lyj-  eoAL    In  cubic  feet  per  ton  of  2140  poanda. 


Hud  vhite  ash* ^.. 

Pree-baming  white  ash  *^ 


SehnTDdQ  white  ash  • 

**         red       •*  • 


Lykens  VaUey* 

Wjoraing  fireo-bumingt^..... 

Lehight--. 

Lehigh;  Biding  C.  A  L  Co. ^ 

Lehigh  :t  Lamp.  40.5 ;  cupoU,  40 Jl ;  diist,  88. 


Bro- 
ken. 

Egg. 

Store. 

NaL 

Pea. 

Buck- 
wheat. 

age. 

, 

8&« 

88.2 

89.8 

40.6 

41.1 

89.8 

89.4 

39.6 

89.6 

89.6 

89.8 

89.8 

88.6 

89.0 

89.6 

40.2 

40.8 

41.5 

40.2 

8B.6 

39.6 

89.6 

41.2 

41.9 

42.4 

40.7 

89.3 

89.9 

40.5 

41.2 

41.9 

40.6 

89.0 

89.9 

42.6 

45.7 

4&5 

47.7 

48.6 

89.6 

40.8 

4a9 

41.6 

42.8 

40.9 

4ao 

4a6 

41.1 

41.7 

42.8 

41.1 

f 

44.8 

45.2 

46.7 

46w2 

46.7 

46.7 

144.2 

44.8 

44.8 

46.0 

46.1 

46.5 

45.1 

40.0 

89.8 

89.4 

89.7 

89.4 

8&8 

88.5 

88.4 

42.1 

41.4 

40.0 

88.6 

8&8 

40.1 

40.8 

40.8 

40.5 

89.7 

i 


From  Coxe  Bros.  A  Co.  f 


Pittsburg 48.2 

Erie 46.6 

Hocking  Valley 45.4 

OfaioCaoDel 4&5 

Indiana  Block.. 51.1 

Illinois 47.4 


From  Jonr.  U.  S.  AsB>n  Charooal  Iron  Workers. 
VoL  III,  1888.2 


Pittsbnrg. 47.1 

Cumberland,  max....42.8 

**  min  ....41.2 

BhMsburg,  Fs. .42.2 


CloTer  Hill,  Vs 49.0 

Richmood,  Va. 

(MidlothUii) 41.0 

Oannelton,  Ind. 47.0 

Pictou.N.  8 45.0 

Sydney,  Cape  Breton. 47.0 


Logarithm. 

1  cubic  fbotper  ton  of  2240  pounds  = _ 

a89286  cubic  foot  per  ton  of  2000  pounds 1.950  7820 

2240  (exact)  pouodsper  cubic  foot. 3.850  2480 

I  cubic  fool  per  ton  of  2000  pounds  = 

1.12  (exact)  cubic  leet  per  ton  of  2240  pounds. 0.048  2180 

3000  (exact)  pounds  per  cubic  foot ..&801  0600 

1  pouud  per  cubic  foot  = 

2240  (exact)  cubic  feet  per  ton  of  2240  pounds 8.860  2480 

2000        "  "  "  2000       "      8.301  0800 

•  From  Edwin  F.  Smith,  8up*t  A  Bn^r,  Canal  DIt.,  Phlla.  and  Reading  R.  R. 

fFiom  Tery  eareltal  welghinn  in  tne  Chicago  yards  of  Coxe  Bros.  &  0>. 

Hote  the  irregular  Tariation  with  sise  of  anthracite  in  Coxe  Bros.'  figures. 

IQooted  from  The  Mining  Record.    On  the  authority  of  '*  many  years'  experi- 

**  of  '*a  prominent  retell  dealer  in  Philadelphia,"  the  Journal  ^1  res  also 

ring  fh>m  4  to  18  per  cent,  less  rolume 


figures  requiring  fh>m  4  to  18  per 

quoted  from  the  Journal  and  from  other  authorities. 

18 


per  ton  than  those  here 
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216  WEIOBIS  AND  HSASDBEB. 

WEIGHTS  AND  MEASURES. 

Vnlted  Stetofl  and  Britlsli  meMures  of  leM^tli  and  welar^t* 

of  the  same  denomination,  luay.ybr  all  ordinary  purpotu^  be  oon»idered  as  equal ; 
but  tbe  llqnld  and  dry  measures  of  the  same  denomioatloo  differ  widelj 
In  the  two  countries.  Tlie  standard  measure  of  lenytli  of  both  coud- 
tries  Is  theoretically  that  of  a  pendulum  Tibratiiig  seconds  at  tbe  level  of  the 
sea,  in  the  latitude  of  Loudon,  in  a  vacuum,  with  Fahrenheit*8  thermometer  at 
62®.  The  length  of  such  a  pendulum  Is  supposed  to  be  divided  into  S9.1393 
equal  parts,  called  inches ;  aud  36  of  these  inches  were  adopted  as  the  standard 
yard  of  both  countries.  But  the  Parliamentary  standard  having  been  destroyed 
by  lire,  in  1884,  it  was  found  to  be  impossible  to  restore  it  by  measurement  of  a 
pendulufu.  The  present  British  Imperial  yard,  as  determined,  at  a  temperature 
of  62°  Fahrenheit,  by  the  standard  preserved  in  the  Houses  of  Parliament.  i» 
the  standard  of  the  United  States  Coast  and  Geodetic  Survey»  and  is  recognised 
%  as  standard  throughout  the  country  and  by  the  Demirtroents  of  the  Govern- 
^  ^  ment,  although  not  so  declared  by  Act  of  Congresa.  The  yard  between  the  27th 
and  63d  inches  of  a  scale  made  for  the  U.  8.  Coast  Survey  by  Tioughton,  of  Lon- 
don, in  1814,  is  found  to  be  of  this  standard  length  when  at  a  temperature  of 
G90.62  Fahrenheit :  but  at  620  Is  too  long  by  0.00088  inch,  or  about  1  part  in  4337^ 
or  1.46  inch  per  mile,  or  0.0277  inch  in  100  feet 

The  Coast  Survey  now  uses,  for  purposes  of  comparison,  two  meatares  pfe- 
sented  by  the  British  Government  in  186A,  as  copies  of  the  Imperial  standarda 
namely: 

**  Bronae  standard.  No.  11 ;"  of  sUndard  length  at  620.35  Fahr. 
*' Malleable  iron  sUndard,  No.  67;'"*       **       "       62o.io     ** 

See  Appendix  Na  12,  Report  of  U.  &  Coast  and  Geodetic  Surrey  Iter  ISH. 


The  legral  standard  of  welslii  of  the  United  SUtes  is  the  Tray 

-  ^-  — '  ^^-.-      ^^. ^^^^  containing  5760 

tirltain.    Tbe  avoirdupois  or  commercial  pound  of  the  United  States,  eon- 


pound  of  the  Hint  at  Philadelphia.     This  standard,  containing  576 


mins,  is  an  exact  copy  of  the  Imperial  Troir  pound  of  i 

tirltain.  Tbe  avoirdupois  or  commercial  pound  of  the  United  8tat4 
taining  7000  grains,  and  derived  from  the  standard  Troy  pound  of  the  Mint,  is 
found  to  aicree  within  one  thousandth  of  a  grain  with  the  British  avoirdupoia 
pound.  1'he  U.  S.  Coast  Survey  therefore  declares  the  weights  of  tlie  two  eoan- 
trles  identicaL 

The  Ton.  In  BeTised  SUtufes  of  the  United  SUte^  9d  Edition,  1878^  Title 
XXXI V,  Collection  of  Duties  upon  Imports,  Chapter  Six.  Appndsal,  says: 

"Sea  2951.  Wherever  the  word  *  ton'  is  used  in  this  cbapter,  in  referenee  to 
weighty  it  shall  be  construed  as  meaning  twenty-hundredweight^  each  hundred* 
weieht  being  one  hundred  and  twelve  pounds  avoirdupois." 

This  appears  to  be  the  only  U.  S.  Government  regulation  on  the  subject 

The  ton  of  2240  lbs  (often  called  a  cross  ton  or  lone  ton)  is  commonly 
used  iu  buying  and  selling  iron  oreu  pig  iron,  steel  rails  and  other  manufactured 
iron  and  steeL  Coke  and  many  otner  articles  are  bought  and  sold  by  the  net 
ton  or  short  ton  of  2000  lbs.  The  bloom  ton  had  2464  lbs,  »  2240  lbs  -4-  2 
hundredweight  of  112  lbs  each  ;  and  tbe  pig  iron  ton  had  2268  lbs,  =  2240  lbs  +  s 
"saudage"  of  28  lbs,  or  one  "quarter,"  to  allow  for  sand  adhering  to  the  pigs, 
but  some  furnace  men  allowed  only  14  lbs.  In  electric  traction  work  the  ton 
means  2000  lbs. 

As  a  measure,  the  ton,  or  tun,  is  defined  as  252  gallons,  as  40  cubic  fset  of 
round  or  rough  timber  or  iu  ship  measurement,  or  as  00  feet  of  hewn  timber.  282 
U.  S.  gallons  of  water  weigh  about  2100  lbs ;  252  Imperial  gallons  about  2500  lbs; 
80  cub  ft  yellow  pine  about  2500  B^ 

The  metrio  sjstem  •  was  leffallaed  in  the  United  States  In 

*  Tlie  metric  system,  as  compared  with  the  English,  ban  much  the  same  advantages 
and  didadvaiitsgrs  that  our  American  decimal  coinage  has  In  comparison  vritti  the 
English  moneury  system  of  pounds,  shillings  and  pence.  It  will  enormously  fiMdll- 
tate  all  calculatlous,  but,  like  all  other  improvements,  It  will  necesMrily  cause  soms 
Inconvenlenoe  while  the  chance  Is  belnir  made.  Tbe  metric  system  has  also  this  far- 
ther and  very  great  advantace.  that  It  bids  fair  to  beoome  universal  amoDCCiTlUaed 


Digitized  by  CiOOg  IC 


W£IQHT8  AKD  MEASUKES.  217 


im,  bot  has  not  been  made  obligafmr.  The  goTernment  has  since  ftirnlthfa 
*fr7  exact  metric  ^ndaids  to  the  seTeral  Sutes.  The  use  of  the  metric  systero- 
S"J?*5JEf "^*"^.*?  SSf'  Britain,  beglnninff  with  August  6.  1897.  aid  in 
RuBia.  beginning  with  1900.    Ita  use  U  now  at  least  permlssiTC  in  most  civU- 


The  BBetrle  mmit  of  leBirth  to  «ta«  aietre,  or  aieter,  which  was 
fatended  to  be  one  ten-millionth  (|q  ooOjOOo)  ^^  ^^^  earth's  quadrant,  i.  e.,  of 
tittt  Dortlon  of  a  meridian  embraced  between  either  pole  and  the  equator.  This 
iBogth  was  measured,  and  a  set  of  metrical  standards  of  weight  aud  measurs 
were  prepared  in  aoeoidanoe  with  tlie  result,  and  deposited  among  the  archlres 
ff  (Yanoe  at  Paris  (MHre  des  Archives.  Kilogramme  des  Archives,  etc.).  it  hss 
iince  been  diaoovered  that  errors  occurred  in  the  calculations  for  ascertaining 
the  length  of  the  quadrant ;  but  the  standards  nevertheless  remain  as  originally 
prepared. 

Tbe  HBetric  measures  of  snrllsee  and  of  capaellar  are  the  squares 
and  cubes  of  the  meter  and  of  its  (decimal)  firactions  and  multiples. 


By  the  concurrent  action  of  the  principal  governments  of  the  world,  an  In* 
tenMUlomsU  Bnreav  of  Welipliia  and  Bleaanree  has  been  estab- 
lished, with  its  seat  near  Paris.  It  has  urepared  two  ingots  of  pore  platinum- 
iridiana,  from  one  of  which  a  number  of  standard  kilograms  (1000  grams)  havr 
^een  made,  and  from  tlie  other  a  aumtier  of  standard  meter  bars,  both  derived 
from  tlie  standards  of  the  Archives  of  Flrance.  Of  these  copies,  certain  ones 
«ere  selected  as  international  standards,  and  the  others  were  distributed  to  the 
diflierent  goTemments.  Those  sent  to  the  United  States  are  in  the  keeping  of 
the  U.  a.  Coasi  Survey. 

The  determination  of  the  equivalent  of  the  meter  In  Kngrl'^l^ 
■c—nr^  is  a  venr  difficult  matter.  The  standard  meter  Is  measured  fivm  end 
I»0s4  of  a  oiaMmmbar  and  at  the  freeaing  point;  whereas  the  standard  yard  is 
■easored  Miosm  <wo  /tnei  drawn  on  a  tilv«r  scale  inlaid  in  a  hnmae  bar,  and  m 
&>  fUkmJkeU.  Tlie  Vnited  States  Coast  Surwejf  adopta,  as  the 
kagtb  of  the  meter  at  82^  Fahrenheit,  the  value  determined  by  Capt.  A.  R. 
Osrke  and  CoL  Sir  Henry  James,  at  the  office  of  the  British  Ordnance  Survey, 
la  iX6,  Tis. :  80.970482  inches  (»  8.2806660  +  feet  «  1.098622»  +  yards) ;  but  the 
Iswftsl  eqiniTalent,  estaUlslMd  by  Congress,  is  89JI7  inches  (=  8.28083  feet 
»  L098611  jards).  This  valoe  is  aa  aooorato  m  any  that  can  be  deduced  from 
ezistiAg  data. 

s,  by  Prof.  W.  H.  Miller's  determinatlonjt  18.43234874 
I  made  at  the  International  Bureau  of  Weights  and 

1 15.48289689  grains.    The  le^al  walne  in  the  United 

Btates  Is  19.432  grains. 


i 

b-     ^ 


Tke  srmm  wetehs,  by  : 

nalasL    An  ezaminatton  made 
ftessnrea  in  1884  mskes  it  15.48S 


•  leentimeCer»x^  meters  0.8087  inch.    1  mllliUter  (,A«  liter)  or coU3 cantl- 
'     ^OJOSl  +  coUcinehea 


t  Appendix  No.  22  to  report  of  1876,  psge  6. 
t  FUloMpUcal  Tranau^tions,  1866»  ppTSo^  ale. 
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Foreign  M^neterjr  Units  and  Oaiiui.    Talaea  in  V.  S.  Money. 

From  Report  of  Direotor  of  Mint,  1901,  and  Treasury  Dopt  Gireular,  Jan.  1, 
1911. 

Africa.     See  Egypt,  Liberia. 

Argentine  Republie.    Peao  -  100  oentaTos  *•  90.965.    Arssntine  -  94.82. 

Aaia.    See  Cliina,  India,  Japan,  Persia,  Siam,  Straita  Settlements. 

AuBtriarHungary-     Crown  -  100  heilera  -  tO.203.  Ducat  «  $2.20. 

Bavaria.    See  German  Kmpire. 

Belgium.*    Franc  »  100  centimea  *  90.193. 

Boilvia.     Boliviano  -  100  oenUvoe  -  90.389.     10  oentimoa  -  90.006i. 

BrasU.     Milreia  »  1000  reia  -  90.646. 

Britiah  Honduraa.     Dollar  «  91.00. 

Canada,     Dollar  -  100  oenta  =  91.00. 

Central  America.     See  Britiah  Honduras,  Coeta  Rica,  Cuba,  Haiti,  Honduras, 

Guatenukla,  Nicaragua,  Panama,  Salvador,  Santo  Domingo. 
Chile.    Peao  «  100  centavoe  «>  0.05  condor  -  0.1  doubloon  -  0.2  eacudo  » 

90.366. 
China.     Tael  -  10  mace  or  taien  >-  100  candareena  or  fun  »  1000  oaah  or  li  — 

90.604  to  90.673. 
Colombia.     Dollar  -  91.00. 
CoeU  Rica.    Colon  -  100  oentimoa  -  90.466. 
Cuba.     Spanish    quadruple    (onaa)  »  916.74;     doubkMn    laabdla  »  95  02; 

Alphonae  »  25  peaetaa  »  94.82. 
Denmark.!    Crown  »  100  dre  «i  90.208. 
Ecuador.     Sucre   —  100  oenta   —  5  peaetaa  —  10  reals   •■  20  medioreals  ■■ 

90.487. 

pt.     Pound  »  100  piaatera  -  94.943. 
_  Jand.     See  Great  Britain. 
Eaperantista.     (From  Am.  Esperantiat  Co.)     Speamilo  »  10  apeaoentoj  »  100 

apeedekoj  -  1000  apoaoj  «  90.4875. 
Finland.     Mark  -  90.193. 
France.*    Franc  -  100  centimea  ->  90.193. 

German  Empire.     Mark  -  100  pfenniga  ->  90.238;  Crown  »  92.382. 
Great  Britain.     Pound  aterling  or  aovereign  =  20  ahslUnga  «>  240  pence  ■•  960 

farthinm  »  94.8665.    Guinea  -  21  ahillinga;  Crown  «  6ahillingB;  Florin 

Gree^.*    Dr^f^  -  100  lepta  «  90.193. 

Guatemala.     Peao  *  10  dimea  -  90.403.    Onaa  or  doubloon  «  916.74. 

Haiti.    Gourde  -  100  centimea  -  90.065. 

Honduras.     Peso  «  lO  dimes  »  90.403.     Onaa  or  doubloon  -  916.74. 

India,  Britiah—.    Rupee  -  90.324  1/3  ;  anna  -  4  pice  »  90.02. 

Italy.*    Lira  =  100  oenteaimi  »  90.103. 

Japan.     Yon  -  100  sen  »  90.498. 

Latin  Union.*    See  France,  Belgium,  Italy,  Switserland,  Greece. 

Liberia.     Dollar  =  91.00. 

Mexico.     Peao  -  100  centavoe  -  90.498. 

Netherlands,    florin  »  100  centa  »  90.402.     Rizdaler  -  2.5  florina. 

Newfoundland.     Dollar  »  91.014. 

Nicaragua.    Peso  »  10  dimea  >  90.403.    Onsa  or  doubloon  ■•  915.74. 

North  America.     See  Canada,  Mexico,  Newfoundland. 

Norway .t    Crown  -  100  dre  -  90.268. 

Oceanica.    See  Philippine  lalanda. 

Panama.     Balboa  -  91.00. 

Persia.     Kran  =  90.1704;  toman  »  10  krans. 

Peru.     Libra  ■■  94.8665.     1  sol  -  2  British  shillings. 

Philippine  Islands.     Peao  »  90.50. 

Portugal.     Milreia  -  0.1  crown  =  1000  reis  -  91.08. 

Prussia.     See  German  Empire. 

Roumania.     Leu  »  90.193. 

Russia.     Ruble  ~  100  copecks  »  90.515. 

Salvador.     Peso  -  10  dimea  -  90.403.     Onia  or  doubloon  -  915.74. 

Santo  Domingo.     Dollar  -  91.00. 

Scandinavian  union.f    See  Denmark,  Norway,  Sweden. 

Servia.     Dinar  -  90.193. 

Siam.    Tical  -  90.3708. 

*,  t;  See  foot-notea,  next  pai*^eciby\jiOOgle 
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Soath  America.    See  Areeotine  Republio,  Bolivia,  Btaail,  Chile,  CoIomfaiA, 

Ecuador,  Peru,  Uruguay,  VeDeiuela. 
Spain.     Peseta  -  100  centimes  »  S0.193. 
StimiU  Settlements.    Dollar  -  S0.421. 
Sveden.t     Crown  »  100  dre  »  S0.26S. 
BwHaerland.*    F^ane  -  S0.193. 
Turkey.     Piaster  -«  0.01  lira  »  S0.044. 
Uruguay.     Peso  -  $1,034. 
Yenesuela.     Bdhrar  •  iai93. 

StBsdjtfd  Btametera  Mid  Welffbto  of  rnlted  mtmte*  Coins. 


ValM. 

Dfaacter. 

Wright. 

Gold,  10  per  oeoi.  alloy: 

l>oabl6  Eagle 

Ei«te  .^ 

• 

20 
10 

5 

2.50 

1.00 
O.JSO 
0.25 
0.10 

0.06 
0.01 

Inches. 

1.350 
1.000 
0.848  ' 
0.700 

1.500 
1.205 
0.955 
0.706 

0.885 
0.760 

MiUlBMtvn. 

84.29 
26.92 
21.64 
17.78 

88.10 
30.61 
24.26 
17.91 

21.20 
19.09 

Onitis. 

516.00 
258.00 
129.00 
64.60 

412.60 
192.90 
96.45 
38.68 

77.16 
48.00 

Ormma. 

33.436 
16.718 

H^fEagle 

8.359 

Quarter'^Ie 

Silrer,  10  per  cent  alloy : 

BtoDdardDoUar 

Hair  Dollar 

4.180 

26.729 
12.60 

Qnarter  Dollar 

Dime 

■iMor 

nickel 

6.25 
2.50 

5.00 

One  Cent,  95^  copper,  6^  tin 
aud  slue    • 

8  11 

Ferf^tly  V^are  Mid  is  worth  tipper  23.22  grs  ^  920.671^  per  troy  os  » 


II8.S4I51  per  aToir 

II6J6796  per  aroir  os. 

tlloy.    Its  value  is  that  of  the  pure  gold'onlv ;  the  crat  of  the  tdToj  and  oi 


itandard  (U.  S.  coin)  is  worth  $18.60465  per  troy  oz  » 
It  consists  of  9  parts  b^  weight  of  pure^ld,  to  1  part 


coinage  being  borne  by  Government  A  cable  foot  of  pare  aroid  welchs 

sboat  1'2M  avoir  lbs;  and  is  worth  $962963.  A  cubic  Inch  weighs  about  11.148 
tToir  OS ;  and  Is  worth  tZlQM. 

Pure  gold  is  call^  AiM^  or  24  earat  gold ;  and  when  alloyed,  the  alloy  is  sup- 
posed to  be  divided  iato  24  parts  by  weight,  and  acoordine  as  10, 15,  or  20,  Ac,  of 
these  parts  ace  pun  gvld,  the  alloy  is  said  to  be  10, 16,  or  20,  Ac,  carat. 

Tiie  aweraf^e  flaeaeiM  4hf  Calirornla  aatlwe  fold,  by  some  thou- 
sands of  assays  at  the  U.  S.  Mint  In  Philada.,  is  88.5  parts  gold,  1 1 .6  silver.  Some 
fhMn  Georgia,  99  per  cent.  gold. 

Pare  ullwer  fluctuates  in  value:  thus,  during  1878-1879  it  ranged  between 
$1.06  and  $1.18  per  troy  oa.,  or  $.957  and  $1,076  per  avoir,  os.  A  cubic  inch  weighs 
about  6.528  troy,  or  6.065  avoir,  ounces. 

*  Latin  Union  (France,  Beljpum,  Italy,  Switserland,  Greece).  Fineness,  gold« 
and  5  franc  silTer,  0.9;  minor  silver  coins,  0.835. 

Gold  Silver 

Francs 100  50  20  10    5  6    2    1     0.5     0.2 

Diameten,  in  miilimeteiv 35  28  21  19  17  37  27  23  18      16 

Weights,  ingrams 0.32258  per  franc  25  10    5    2.6     1 

tScaxuiinavian  Union  (Sweden,  Norwsy,  Denmark). 


i 

i 

( 


Digitized" by  CiOOg  IC 


I 


2ZU  WtuiUUiQ   A.nu   mxu^LOunjso. 

Troy  Welvbt.    U.  K.  Md  Brltlih. 

24  grains 1  pennyweight,  dwt. 

20  pennyweights 1  ounce  ==  ^grains, 

12  ounces 1  peund  =  240dwt8.  =  5760  grains. 

Troy  welfflit  la  nsed  for  gold  and  sllwer. 

A  carat  of  the  jewellers,  for  precious  stones  is,  In  the  U.  S.  =  3.2  gra. ;  !■ 
London,  3.17  grs. ;  in  Paris,  3.18  grains.,  divided  into  4  jewellers'  grs.  In  Arojr, 
apotheoariea'  and  avoirdupois,  the  irrain  Is  tbe  same. 

Apotliecartes'  Weiirlit*    V*  S.  and  British. 

20  grains 1  scruple. 

8  scruples I  dram  =  60  grains. 

8  drams 1  ounce  =  24  scruples  =  480  grains.  , 

12  ounces 1  pound  =  96  drams  =  288  scruples  =  6760  grains. 

In  troy  and  apothecaries'  weights,  the  grain,  ounce  and  pound  are  Ihe  same. 
Awolrdnpols  or  Commereial  Welipht.    U.  8.  asd  British. 

27JMS75  grains }  dram. 

16  drams. «...• 1  ounce  =»  4^}A  grains. 

16  ounces. 1  pound  =  256  drams  =  7000  grains. 

28  pounds 1  quarter  =  448  ounces. 

4  quarters 1  hundredweights- 112  Ibe. 

20  hundredweights 1  ton  =>  80  quartere  =-  2240  lbs. 

A  stone -14  pounds.    A  quintal  =»  100  pounds  avoir. 

Thestandard  of  tbe  avolrdnpols  pound,  which  is  the  one  In 
oo™n  cSimereial  use,  is  the  weigh*  of  ^7015  ^uMns  of  nure  distilled  wj^^^ 
at  its  maximum  density  at  about  398.2  Fahr,  in  latitude  of  London,  at  the  level 
of  the  sea:  barometer  at  30  ins.  But  this  involves  an  error  of  about  I  part  in 
1362.  for  the  lib  of  water  =  27.68122  cub  ins.        ^  ^^^^  ^       _  . . 

A  troy  lb  =  .82286  avoir  lb.    An  avoir  lb  - 1.21528  troy  B),  or  apotb. 

A  troy  OS.  -  1.09714  avoir,  os.    An  avoir,  ox.  =  .911458  troy  os.,  or  apoth. 

liOns  Measure.    U.  H.  and  Britbh. 

12  inches 1  foot  ==  .8047973  metre. 

5  feet     1  yard  =  36  ins  =  .9148919  metre. 

S^TirfsZ".  1  ?od.  pole,  or  pen*  -  m^^^  ^^  ^ 

40Voa8 1  furfong  =  220  yards  -  %^^  _  .^^    ^  .rgjao  ft  -  63800  Ina. 

8  ftirlongs 1  statute,  or  land  m"e  =  a«Orods  =  17W^-»o^i* 

8  miles..!^. 1  league  =  24  furlongs  =  960  rods  -5280  yds  -  158^  ^ 

A  point  =^  Inch.    A  "■»•  =  «  Pji°*»  =  A  inj^    ^^atoTe^  l2l"rtli 
hand  =  4  ins.    A  span  =  9  ins.  A  Mtaom  =  6.*J«*- J^^-'^f  ?*!?  fSt  or  4 
«  120  fathoms  =  720  iEet.    A  Onnter's  snrweyinff  «lf  A^n  "  i  ™itl 
rods  loiig.    it  has  100  links,  7.92  inches  long.    80  Gunter's  chains  =-  1  mile. 

A  nantlral  mile,  yeoirraphlcal  mile,  sea  mile,  or  knot.  U 
variously  defined  as  being  =  the  length  of  ,   .       ^  ^,  ^»^ 

metres  feet       statute  miles 

1        ••    latitude       ^^  ^    ^^^^      ^^^^^         ,^5jTO 

]        "  «»        atlat46^  «    1862.181       6076.76         1.15090 

i        i«    .  ffrput  circle  of  a  true')         (value  adopted  by  U.  S.  Coast 

«fc«ISS««^/fuj?<^i«XH    ondOeodetlc  Survey 

spheroid.  U.  S.  Coast  &  Geod  Survey,  Kept  for  1881.  App.  12. 

Radius  Arc  of  1  Dog             Arc  of  1  Min             Arc  of  1  Sec 

100  ft  1.74533  ft                0.02909  ft                ^-^A^^  {\. 

1  mile  92.1534     It               1.5359     ft               0.025C      ft 

Digitized  by  VvjOOQIC 


^Jf>'«X^f  •  i^firrM  ^r  S^n^^nii^  Iti  dltf-e 


222  WEIGHTS  AND  MEASURES. 

Sqaare  or  I<Mid  MMuare.    U.  S.  nd  Brltidi. 

I  —  1  square  foot.       (100  sq  f t  —  1  ■qnare); 
V       square  leet       -•  1  square  yard  -•   1296  square  inches ; 
30.25  square  yards    -■  1  square  rod  —  272.26  square  feet ; 
40      square  rods      -•  1  rood  »  1210  square  yaitis; 

-  1  acre  -  160rods  -  4S408Qyds  -  48.560 


40      square  rods      -•  1  rood  »  1210  square  yards; 
4       roods  -  1  acre  -  160 rods  -  4S408Qyds  -  48,560  sq  ft; 

640       acres  -■  1  square  mile. 


> 


144      square  inches  -■  1  square  foot. 

9       square  feet       -■  1  sauare  vard 
30.25  square  yard 
40      square  rods 

4       roods 
40       acres 

U.  8.  Pnblle  l^mndm  are  divided  into  townships,  sections  and  quarter- 
sections,  bounded  by  meridians  and  parallels.  Nominally  a  toiviisliip  ia 
6  miles  square  and  contains  36  sections,  each  1  mile  square  and  contain- 
ing 4  qnorter-seetlons.  0.5  mile  square.  By  law,  errors,  including  thoae 
due  to  eoBveiv«n<^®  o«  ^^^  meridians,  are  shifted  to  the  northern 
and  western  quarter-sections  of  the  township. 

1  Ctrcnlor  Ineh  -  circle,  1  inch  in  diameter.  -  Logarithm. 

0.785398 square  inch n  1.896  0800 

1  Square  Inch  — 

1.27324 circular  inches - 0.104  9101 

See  also  *<  Snrfisce,'*  pp  2S3,  S84. 

Cnbic  or  Solid  Bleasnre.    U.  8.  and  British. 

1728  cubic  inches  <>-  1  cubic  foot.       27  cubic  feet  ■•  1  cubic  yard. 
1  British  Bod  of  BriclKlayiniT  -  16.5  ft.  sq.  of  14  inch  walL 
1  British  Bod,  engr'noorinirf  ~  306  cubic  feet. 
1  Toise  -  261.5  cubic  feet ;     1  Chaldron  -  58.64  cubic  feet. 

See  also  «<  Volume,'*  pp  884,  SS5. 
I  Cnbic  F€K>t  -  Logarithm. 

3300.24 spherical  inches 3.518  5461 

1.90986  - spherical  feet - 0.281  0014 

0.803664 U.  S.  bushel n  1.906  0204 

0.267865 flour  bbl.  of  3  struck  bushels n  1.427  8001 

0.237477 U.  S.  hq.  bbl.  of  31i  gaUons n  1.376  6211 

1  Cnbic  Inch  - 

1.90986 spherical  inches 0.281  0O14 

1  Cnbic  Tard  - 

201.974 U.  S.  gaUons 2.305  2065 

7.23207 flour  bbls.  of  3  struck  bushels 0.859  2620 

21.6962 U.  S.  struck  busheU 1.336  3842 

1  Spherical  Foot  -  sphere,  1  foot  in  cUameter,  — 

0.523699 -cubic  foot n  1.718  9086 

904.779 cubic  inchee 2.956  5423 

14.8268 liters 1.171  0461 

1  Spherical  Inch  —  sphere,  1  Inch  in  diameter,  » 

0.523599 cubic  inch n  1.718  9966 

8.58030 cubic  centimeters 0.933  5024 

1  Cylinder.  1  f€H>t  diameter,  1  f€H>t  Ions  — 

0.0290888 -cubic  yard n  2.463  7261 

0.786398 cubic  foot n  1.896  0809 

1367.17 -cubic  inches 3.132  6336 

6.87519 -. U.  S.  liquid  mllons 0.769  0216 

4.89468 British  imperial  gallons 0.689  7244 

22.2401 Uters 1.347  1374 

1  Cylinder,  1  inch  diameter,  1  ffsot  longr  "■ 

9.42478 -cubic  inchee 0.974  2711 

0.326399 U.  S.  liquid  pint n  1.613  7401 

0.271927 British  imperial  pint n  1.434  4619 

0.164446 Uter n  1.188  7749 

n.  Negatiye  characteristic 
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See  alM  **  Tolnine,'' 

1  upon  the  old  British  wine  gallon  of  231  cubio  inches.     A  cylinder 
7  ins  diameter,  6  ins  hich,  contains  230.907  cubic  inches.     A  cube,  of  6.1358 
ins,  —  231.0006  cub  ins. 
4  i^s       —   1  pint 
2  pints     >-   1  quart    <--  8  gills 
4  quarts  >-   1  gallon  «  8  pints  —  32  gills 
In  the  U.  S.  and  Great  Britain.  M  barrel  of  wine  or  brandy   —    31.5 

PUlona    —    4r.2ll  cub  ft  —  cube  of   1.6140  ft  —  cube  of  19.3789  ins;  in 
ennsylvania,  a  half-barrel  -  16  gallons  ;    a  double  barrel  ■=  64  galsi.     A 
panelieoM  -»  84  gab.    A  tierce  »  42  gals. 


63  gallonjB        «  1  hogshead 
2  hogsheads  «  1  pipe  or  butt 
2  pipes  —  1  tun. 


Pint.      3.5  ins  diam,  3.001  ins  high 
t<'iart,   3.5    **        "      6.002    "      " 
Gallon,  7.0   **        "      6.002   '*      " 


Contenta  of  ejrllnders. 


2  gallons,    7  ins  diam,  12.005  ins  high 
8        ••        14    "        ••      12.005   ••       " 
10        "        14   "        "      15.006    "       " 


Apotlieearles' 

or  Wine  Meaiiare 

• 

Mnnnib 

87mbol. 

Pints. 

Fluid 
ounces. 

Ftnld 

Minims. 

Cubio 
iBobes. 

Weight  of  va(er.t 

Pounds,  ST. 

8.345 

1.043 

Ouncca,  »». 

1.043 

Ormins. 

Itenoa 

IPntU 

8            1» 
1                IS 

I«4 
128 

8 
1 

61440 

480 
00 

1 

fSl 
28JJ75 

1.8047 
0.2250 
0.0088 

68410 
7801.9 

IRsidoaoee... 
IPlHiddnurtam.. 
IXniM 

1 

458.4 

67.06 
0.9ft 

( 


Dry  MeiMure.    U.  8.  onlf. 

upon  the  old  British  Winchester  struck  bushel  of  2150.42  cubic 
inches.  Dimensions,  18.5  ins  inner  diam  ;  19.5  ins  outer  diam  ;  8  ins  deep. 
When  heaped,  cone  not  less  than  6  ins  high. 

2  pints      «   1  qtiart  1 2  gallons—  1  peck      —  8  qts   —  16  pints 

4  quarts  -»   1  gallon  -■  8  pints  1 4  pecks     —  1  bushel  —  8  gals  —  32  qts 

»  64  pints 

<>emeiit  barrels,  <ipproximate  dimensions,  etc. 

Portland.  Height,  between  heads,  2  to  2.2  ft.  Capacity,  between  heads, 
3.1  to  3.5  cu  ft.  Cement  in  barrel,  net  370  to  387  lbs ;  packed,  3  to  3.5  cu  ft ; 
loose.  3.7  to  4.2  cu  ft.  Weight  per  cu  ft :  packed,  114  to  123  lbs ;  loose,  89 
to  100  lbs.  § 

Xataral.  Capacity,  3.4  to  3.8  cu  ft.  Net  weight,  Western  states.  265 
lbs ;  Eastern  states,  300  lbs  ;  making  weight  per  cu  ft,  packed.  78  to  79  Iba. 

Cement  bays.  Am  Soc  for  Testing  Materials^  specifies,  Nov  14, 1904, 
that  a  bag  shall  contain  94  lbs  net.  Portland,  4  bags  to  a  barrel ;  natural, 
3  bags. 

•  Abbreviation  of  Liatin,  Congius.     t  Abbreviation  of  Latin,  Octarius. 
t  At  its  maximum  density,  62.425  lbs  per  cub  ft,  corresponding  to  a 
temp  of  4°  C  -  39.2°  F. 

§  Sanford  E.  Thompson.  Eng.  News.  Oct.  4,  1900. 

Y  Proceedings,  1904,  Vol  IV.  p.  107. 
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A  itnidc  bushel  -  1.24446  cubic  feet; 

A  cubic  foot        «  0.80356  struck  bushel; 

A  flour  barrel    »  3.75  cubic  feet  -«  3  struck  bushels. 

In  ordering  by  the  barrel,  specify  its  contents,  as  in  pounds  or  in  eubio  inches. 

Britlsli  Imperial  Measure. 

Act  of  Parliament  of  1897.    Order  of  Council  issued  1898,  May  19. 

Logarithm 

1  Imperial  gaUon  «      4.545  963  1. . .  .titers 0.657  6259 

»  277.420  cubic  inches 2.443  1378 

»      1.200952    ....USgaUons 0.079  5258 

To  obtain  the  siBes  of  eommereial  measares  by  means  of  the 
weid^t  of  water. 
See  ConTernon  Tables  (14)  weights  of  Volumes  of  Water,  p  241. 
(15K*  •  • "" 


I  Volumes  of  Weights  of  Water,  p  242. 


> 
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Metric  MeMores  of  I^Bffili. 

Ina. 

Ft. 

Yds. 

Hiktt. 

MDUmetre* 

GeDtfaneiret ~ 

DedmeCre 

Metret ~ 

Decametre. „. 

Uecumietre ^^ 

KUomeCra « ' 

.039370 

a9870428 
89^0428 
393.70428 

Hoad 
measures. 

.003281 

.082809 

.8280669 

3.2806n9 

32.80689 

828.0689 

8280.809 

32808.69 

*'.i093628" 
1.093828 
10.93623 
109.3623 
1093.623 
10936.23 

.0621875 
6218708 

Myriaraetre -. 

6^18760 

•  Vemrlj  tb«  ^  pur%  of  mu  ioeh.  t  Pall  9i  inch. 

I  Yery  aaarlj  S  ft,  8H  <as.  «b(eh  U  too  long  bj  only  1  part  !■  8616. 

M«trle  Square  Bleaiinre. 
By  U.  fL  aad  Brttfak  BlMdavd. 


9q  MIIiiiiMtTe. 

Sq  Gentiinetra 

Sq  Decimetre ^ 

Sq  Metre,  or  Centiare.. . 
Sq  Decametre,  or  Are~.. 

Iteeare  (Dot  used) — 

lIectareL.....~*. 

Sq  Kilometre .- 

8q  Myrfametre 


8q.  Ins. 


Sq.  Feet. 


.001590 
.156003 

15.5003 
1550.08 
155003 


3861090*4  mile 
38.61000  ** 


.00001076 
.00107641 
.10764101 
10.764101 
1076.4101 
10764.101 
107641.01 
10764101 


8q.  Yds.  I    Acres. 


.0000012    I 

.0001196    ' 

.0119601 

1.19601 

119.6011 

1196.011 

11960.11 

1196011. 


.000247 
.024711 
.247110 
2.47110 
247.110 
24711.0 


Metric  Cnble  er  Solid  ; 

Only  thooe  marked  •*  Brit "  arc  BriUth. 


HOHIitre^orcub 
Centimetre 


Geotflitre. — ^. 


DecfUtre- 


Litre,  or    cnblc 
Decimetre. 


DeeaUtre, 
Centifltare.. 


Hectolitre,      or 
Dedatere... 


Kilolitre,  or 
Cubic  Metre, 
or  iftere 

[tre,     or 


CnblBS. 

.0610254 

.610264 
6.10254 

61.0254 

610.254 
Cub  Ft. 

J53156 

3.68156 

85JSld6 
808.156 


.084637  gill. 
.070428  Brit  gill. 
.018162  dry  pint. 

.84537  gill  »  .21134  pint. 

.70428  Brit  gill  «  .17607  Brit  iiint 

.18162  dry  pint. 


(Liquid.  .0084537  gill. 

<       -       .0070428  Brit  gilL 

(Dry.       .0018162  dry  pint. 

j  liqaid. 
iDry. 
riA,«ld. 
(Dry. 
rUquid. 
(Dry. 
r  Liquid. 
(Dry. 
jUt^uld. 
(Dry. 
J  Liquid. 
(Dry. 
j  Liquid. 


i 

( 

( 


1.06671  qnart  »  2.1134  pints. 

.88066  Brit  quart  =>  1.7607  Brit  pinU. 

.11361  pedi  » .9081  dry  qt » 1.8162  dry  pt. 

2.64179  U.  &  liquid  gaL 

2.20090  Brit  gaL 

.283783  bush  »  1.1351  peclc  «  9.061  dry  qta. 

26.4179  U.  &  liquid  gal. 
22.0090  Brit  gai. 
2.83788  bush. 


264.179  U.  &  liquid  gal.  1 
220.090  Frit  gal. 
28J»783  bush.  J 


Lab  yds,  1.8080. 
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Metric  Weijrlito,  rednced  to  common  Commercial  or  AtoI* 
Weiiplit,  of  1  ponnd  » 16  oances,  or  7000  irrAtns. 


Milli^ramma... 
Centigramme... 
Decigramme .... 
Gramme 


Decagramme 

Hectogramme 

Kilo^rammb 

Mynogramme 

Quintal* 

ToQueau;  Millier;  or  Tonne.. 


Grains. 

.015432 

.15482 

1.5482 

15.482 

Pounds  ar. 

.022046 
.22046 
2.2046 
22.046 
220.46 
2204.6 


The  gramme  Ii  th«  tMuitiof  Preach  wHghts;  and  to  the  welf;lit  of  aonb  oeDtlaetraof  dlaUlletf 
water  at  Ita  max  deiutty,  at  MaJevel,  la  tat  of  Paris;  baroiu  3U.lt£/  Ina. 

French  Blensares  of  the  **  Systeme  ITsnel.** 

Thto  lyaiem  ma  In  ue  ttam  aboot  1813  to  1840.  when  It  was  forhMdeo  bj  law  to  nse  emi  tta  Damaa. 
TbU  «ra«  dona  lo  order  to  expedite  the  general  lue  of  the  Ublcs  which  we  hare  before  glren.  Bat  ai 
the  Syiteme  UeiMl  appears  la  boeke  pvbUahed  dorlog  the  above  tnienralf  we  add  a  table  of  aeaa  ef  kr 
Talues. 

Measnree  of  liCni^h. 


UgBenjuel,  orlloe 

Ponce  niQf  1.  or  {nch,  =  13  lignea. . 
Pied  nsuel,  or  foot,  =  12  poucas  ... 

AuDea«oel,or  ell 

Toiae  asuei,=«pieds 


Tarda. 


I.313S6 

2.18737 


Feet. 


.WHS 
1.08363 
9.9S706 
Cfifiiai 


Incbea. 


Welghta,U«neL 

Oubdo,  or  Solid.  VsueL 

Grata  veoel 

JBSn  graSaa. 
60.2»7        '♦ 

I.I0258aTolrofc 
.55139  avoir  lb. 

1.10358  avoir  lb. 

Utronasiial,orlUftra 

=  L1«06BriUahplitt. 

Oroa  nsuei 

Onoe  asDcl ■ 

JIaro  aeael 

1.7512  BritlaJi  galk 

Urre  ueuel,  J 

or  pound,  $ 

Before  1812,  or  beforo  the  '*8jeteme  osnd,"  the  Old  BTatom,  **  Byeteme  Anoicn,"  was  la  asa. 

French  Bleaiiarea  of  the  **8j-steme  Anclen.** 


Bqaare. 


Pnint  ancliMi,  .flI4fl  Ina.......... 

Li«na  aiirica,  .(W<i8  Ins , 

Pouoe  anc.  in,  1 .0«77  In*  =  .(1»W  ft 

Pi«dancien.  12  7n83  ina  =  1.06577  ft 

Anneaucien,  46. 8089  ins =3.90783  ft =1.S0MI  jda 
Tolse  ancipn.  -  8.9946  fir-  2.1315  yda. . . . 
League  =  rata  toieea  =  2.7637  mUee 


! 
..  Sq.Infi. 
.007H!} 
I.1S69 


Sq.ft. 

i.'l'i'i9 
40.8KM 


8q.  yds. 


,G.  ina. 
.0007 
VX106 


1.210C 

261.483 


There  ia.  however,  much  confusion  about  these  old  ueoaures.    Different  measores  I 
uaie  la  dUbrent  provioeee. 

•  Thi  ■wtrinpufs  fvlalal  la  100  anirdnpois  p*auiAs. 
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W—tx  aame  w  U.  &  or  Britiab  fooL  ftAclitee  >-  7  feet.  Ven4  -  MN 
■achine  »  S500  feet — 116^  yatds « .6629  mllt.  PMki  «  S6ai4  bs  aTOlrdupoln 

8|mBlflli. 

Tke  castelUuoio  of  Spain  and  New  Granada,  for  weighing  gold.  Is  ▼arjooalf 
estimmtcd,  from  71.07  to  71.04  grains.  At  71.059  grains,  (the  mean  between  tM 
two.)  ao  avoirdnpois,  or  common  commercial  ounce  oontains  6.1572  castellanoj 
and  a  B>  avolixlupols  contains  98.519.  Also  a  troy  ounce  »>  6.75.53  castellano ;  and 
a  trof  lb  =  81.064  castellano.  Three  U.  SL  gold  dollars  weigh  about  1.1  castellano. 

Tbe  SpaBtob  naark,  or  mareo,  for  precious  meula,  in  South  America, 
may  be  taken  in  practice,  as  .5069  of  a  fi>  avoirdupois.  In  Spain,  .5076  lb.  In 
other  parts  of  Europe,  It  has  a  great  number  of  ▼aloes;  raoet  of  them,  however, 
being  between  Ji  and  .54  of  a  pound  aToiidupois.  Tiie  .5069  of  a  lb  a  S54S\i 
grains ;  and  JBffJS  ft  =>  3953.2  grains.  1  marco  =»  50  castdlanos  a  400  tomine  »■ 
4800  ^wsuMsA  fohl-grains. 

Tliie  arr»ft«  has  Tarious  values  In  different  parts  of  Spain.  That  of  Caa- 
tal*,  '*'  Madrid,  is  25.4029  lbs  avoirdupois;  the  toneladia  of  Castile  s>  2082.2 
abs  avoirdupois;  the  qntmt*!  =>  101.61  Bw  avoirdupois ;  the  libn%  «» 1.0161 
fts  avoirdnpois;  the  eantara  of  wine,  Ac,  of  Castile  »  4.263  U.S.  gallons; 
that  of  Havana  »  4.1  gallons. 

The  wmra  of  Castile  =  82.8748  Inches,  or  almost  preclsdv  82^  Inches;  or  2 
ffeet  9%  incbea.  The  teneffMla  of  land  since  1801  »>  l.<%71  acres  ->  60184.06 
square  feet.  The  ihiae«k  of  com.  Ac  =-  1.59914  U.  B.  stmcli  bushels.  In 
Calil3»mla,  the  warm  hjrlaw  i-  88.872  U.  S.  inchea ;  and  the  leaiia  i-  9008 
Tana.-or2j6889U.&milea 


i 
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WEIGHTS  AlTD  MEABUBEB. 


TABIiS  OF  ACBES  BEqUIBSB  per  mile,  and  per  109  fteft, 
for  difltoremi  wldUis. 


> 


width. 
Feet. 

Aoras 

Aorea 
lOOFt 

Width. 

FMt. 

Aarm 

AOTM 

lOOKt. 

Width. 
Fesk 

AorM 

AOfM 

^ 

AflNS 

Aorw 

1 

.121 

.002 

26 

8.16 

J060 

62 

6.80 

419 

78 

0.46 

470 

8 

.242 

.006 

27 

8.27 

.062 

63 

6.42 

J82 

70 

0.68 

481 

8 

.364 

.007 

28 

3.39 

.064 

64 

6.66 

J24 

80 

0.70 

484 

4 

.485 

.009 

29 

8.68 

jm 

66 

6.67 

.126 

81 

0.82 

486 

6 

.606 

.011 

80 

8.64 

.069 

66 

6.79 

.189 

88 

0.04 

488 

6 

.727 

.014 

81 

8.76 

.071 

67 

0.91 

.181 

y^ 

10. 

480 

7 

.848 

.016 

82 

3.88 

.073 

H 

7. 

.183 

88^ 

lai 

400 

8 

.970 

.018 

83 

4.00 

.076 

68 

7X)3 

J88 

84 

10l8 

403 

hi 

1. 

.019 

84 

4.12 

.078 

60 

7.16 

.186 

85 

10.8 

406 

9 

1.09 

.021 

85 

4.24 

.080 

60 

7.27 

.188 

86 

10.4 

.107 

10 

1.21 

.023 

36 

4.86 

.083 

61 

7.39 

440 

8T 

10.6 

.900 

11 

1.83 

.025 

87 

4.48 

.086 

62 

7.62 

442 

88 

10.7 

.808 

12 

1.46 

.028 

88 

4.61 

.087 

63 

7.64 

446 

80 

10.8 

Mi 

18 

1.68 

.030 

89 

4.78 

.090 

64 

7.76 

.147 

90 

10.0 

sm 

14 

1.70 

.082 

40 

4.86 

J092 

66 

7^ 

449 

H 

U. 

.900 

16 

1.82 

.034 

41 

4.97 

.094 

66 

8. 

.161 

01* 

11.0 

.900 

16 

1.94 

.037 

14 

6. 

.094 

67 

8.18 

.164 

08 

11.8 

SXl 

H 

2. 

.038 

42* 

6.09 

.096 

68 

8.84 

466 

08 

11.8 

.818 

17^ 

2.06 

.039 

48 

6.21 

.099 

69 

8.86 

J68 

04 

11.4 

.816 

18 

2.18 

.041 

44 

6.33 

.101 

70 

8.48 

461 

06 

11.6 

.218 

19 

2.30 

.044 

46 

6.46 

.103 

71 

8.61 

468 

06 

11.6 

.890 

ao 

2.42 

.046 

46 

6.68 

.106 

78 

8.78 

466 

07 

11.8 

.228 

21 

2.65 

.048 

47 

6.70 

.108 

73 

8.86 

468 

08 

11.0 

.826 

22 

2.67 

.051 

48 

6.82 

.110 

74 

8.97 

470 

00 

18. 

.827 

23 

2.79 

.063 

49 

6.94 

.112 

^ 

9. 

470 

100 

18.1 

.880 

24 

2.91 

.056 

H 

6. 

.114 

76 

9.09 

.172 

% 

3. 

.067 

60^ 

6.06 

.116 

76 

9.81 

474 

26 

3.03 

J067 

61 

6.18 

.117 

77 

0JS3 

477 

Functions  of  Grades. 
Tables  of  Orades,  pages  255  to  257.    See  Figs.  p.  255. 
Rise  —  v;  Slope  —  •;  borisontal distance  —  A;  un  A  —  v/«; 
COB   A  ^  Ma;        tan  A  —  vlh;         otn  A  —  A/v;         sec   A    —   «/A; 
CBO  A  —  bIv. 

lln  small  anclea* 

approximately 

V  -  «  .  sin  A  -  A  .  tan  A  =  A  -s-  otn  A  -  «  -*■  CSC  A  »  -     0.01745  «  A* 

a  —  w-i-sinA— A-7-  cos  A  —  A .  sec  A  —  »  .  csc  A  »    —  57.30  »   -4-   A* 

A  —  ».co8A  —  «-t-  tan  A  —  »  .  ctn  A  -•»-♦-  seo  A  A  -•  57.29  »   -<-   A* 

In  feet  per  mile,  v  ->-  «  -  5280  sin  A v  -4-  «  -  92.1^0  A^ 

«  +  A  -   5280  tan  A ^.\v  -t-  A  -  92.163  A» 

The  ratios  for  an  an^le  of  1^  are  shown  in  the  three  figures  opposite, 
in  which  the  angle  is  necessaril v  exaggerated.    In  small  anf^es  the  ria^ 
in  a  given  distance,  may  be  taken  as  varying  directly,  and  the  sloping  and 
'ven  rise,  inversely,  as  the  angle  itself,  expressed 
)ve  in  the  colmnn  headed  '^In  small  angles." 
'_.     -I-  A*  —  distanos 
Hence,  for  small  angles ; 


horiionta]  distances,  for  a  gii 
abo' 


Thus,  in  clinometer  work,  with  small  angles,  57.3  feet 

(horisontal  or  sloping)  in  feet  per  foot  of  rise.     Hence, 

Sloping  or  horisontal  distance,  «  or  A,  in  feet  —  67.3  v  •*-  A* 
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TaMe  or  grmitem  p«r  nilefMia  per  l^O  r«et  ■■« 


■red  horl* 
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Si 

Fwtpvr  Fwtpw  1^  ■ 
mUe.    1  lOOru     6  m 

Ull«. 

PMtM 

100  ft. 

•   I       LSM 

jO»1 

645 

6B.U 

1.3090 

156 

181 J 

8.4341 

3  36 

816.8 

5.9994 

1    s.on 

.«6» 

46 

16.64 

1.3381 

3    6 

184.4 

3.4924 

38 

319.8 

6.9&7* 

1       i.408 

J0e73 

47 

73.18 

1.3872 

t 

187.6 

1.6506 

10 

8'.'2.9 

Clltt 

4       S.144 

.IIM 

46 

73.73 

1.3863 

4 

190.6 

1.6087 

82 

3V8.0 

6.1747 

S  '    7.CM 

.1465 

46 

76.36 

1.4254 

• 

193.6 

8.6668 

84 

329.1 

6.2880 

1       t.2l< 

.1744 

60 

76.80 

1.4545 

8 

196.7 

8.7250 

M 

3JJ.2 

62914 

7     10.74 

.3007 

51 

78.33 

1.4837 

10 

199.8 

8.7833 

18 

SX,.i 

6.3466 

8i  11.29 

.3338 

53 

79.87 

1.6128 

18 

102.8 

8.8416 

40 

83H.4 

t 

13.83 

.an9 

53 

81.40 

1.5419 

14 

906.9 

8.8090 

42 

S4I.4 

6.4664 

10 

lh.M 

54 

83.94 

1.6710 

16 

908.9 

8.9681 

44 

344.5 

6.6116 

n 

ICM 

J300 

66 

84.47 

1.6000 

18 

312.0 

4.0163 

46 

347.6 

6.6en 

1/ 

1(!.4S 

.S401 

66 

86.01 

1.6291 

30 

315.1 

4.0746 

48 

350.7 

6.6418 

u 

1».M 

J763 

57 

87.64 

1.6683 

» 

318.1 

4.1329 

50 

3.V1.H 

6.7604 

li 

21.^ 

.4073 

58 

89.06 

1.6873 

34 

321.1 

4.1911 

52 

K6.H 

6.7588 

U  •  ZS.Oi 

.43«4 

fO 

W.63 

1.7I6i 

36 

324.3 

4.3494 

•4 

85H.9 

6.8168 

M      34^ 

.4655 

1 

93.16 

1.7456 

38 

327.4 

4J076 

56 

16^.0 

6.8761 

17     atil 

.4046 

3 

96.23 

1.8038 

10 

190.5 

4J669 

66 

368.1 

6.9S» 

19    t:si 

.5237 

4 

98.30 

1.8620 

12 

333JJ 

4.4342 

4 

989.3 

6.9936 

l»      3.17 

M2» 

6 

1C1.4 

1.9302 

84 

336.6 

4.4836 

5 

376.9 

7.1884 

s»    ao.7t 

.5818 

8 

104.5 

1.9784 

M 

189.7 

4.5409 

10 

884.6 

T.3843 

n  '  sra« 

10 

107.6 

3.0S66 

18 

142.8 

4.6616 

16 

892.3 

1.4300 

a 

53  JW 

.6400 

13 

110.6 

3.0948 

40 

146.9 

4.6676 

10 

400.1 

T.6767 

s 

soja 

.6001 

14 

111.6 

3.1530 

43 

948.9 

4.7166 

16 

407.8 

T.7«4 

M 

MJ» 

jmsi 

16 

116.7 

3.31 13 

U 

162.0 

4.7742 

80 

415.6 

T.8701 

& 

3H.4« 

.7373 

18 

119.8 

3.3894 

46 

165.1 

4.8326 

85 

413.8 

8.0168 

as 

S9.M 

.7564 

30 

123.9 

3.3377 

48 

168.1 

4.8008 

40 

481.0 

8.1635 

17 

41.47 

.7865 

33 

126.0 

3.8869 

60 

MIJ 

4.9492 

45 

438.7 

8.8087 

» 

43.01 

.8146 

•4 

129.1 

3.4441 

53 

164.3 

6.0075 

60 

446.6 

8.4564 

S 

4434 

.8436 

36 

132.1 

3.5023 

54 

167.4 

5.0668 

66 

464.3 

8.6021 

SO 

4«J)8 

.'S7'27 

SB 

186.3 

3.5604 

66 

ro.6 

6.1241 

6 

461.9 

8.7489 

SI 

47 .61 

J018 

to 

138.3 

3.61  M 

W 

173.6 

5.1834 

6 

469.6 

8.H961 

S2 

49.16 

.»306 

13 

141.3 

3.6788 

1 

376.7 

5.3407 

10 

477.4 

9.0413 

23 

fiO.fiB 

J600 

64 

144.4 

3,7350 

S 

379.7 

5.3990 

15 

486.1 

9.1876 

U 

52.23 

.6891 

M 

147.4 

3.7932 

4 

283.8 

5.8573 

10 

492.9 

9.8347 

xs 

M7« 

1.0182 

38 

150.5 

3.8614 

• 

286.9 

5.4158 

16 

600.6 

9.4819 

ss 

S5..10 

1.0472 

40 

158.6 

2.9W7 

8 

288.0 

6.4742 

80 

50M.4 

9.6291 

r    36«3 

1.0763 

42 

156.6 

3.9679 

10 

292.1 

6.5326 

86 

616.1 

9.7766 

3^      S-37 

1.1054 

44 

159.7 

8.0262 

13 

395.1 

6.5909 

40 

bZi.9 

9.9218 

29     59iM) 

1.1345 

46 

lfi2.8 

3.0844 

14 

398.3 

6.6493 

46 

531.6 

10.068 

«4     «I  44 

MOM 

48 

166.9 

8.1427 

16 

801J 

6.7on 

60 

6.TO.4 

10.216 

41    czjrr 

l.}9-n 

60 

1«».0 

3.3010 

18 

304.4 

5.7860 

66 
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( 


Om  H  tomptfc«  romd.  V  W,  or  about  1  in  35,  or  151  feet  per  mile,  i8  tb* 
graoteot  olope  tnat  will  allow  horo66  to  trot  down  rapidly  with  safetj.  In  cnMinff 
■oantatna,  thlo  io  often  increaoed  to  8^,  or  mn  to  6^.  It  ohoald  nerer  exceed  2^°, 
tactpt  whoa  atvolatalj  aocaaMiy. 

Abx  taor  dint  ia  =>  aloplng  dist  X  coaine  ang  of  slope. 

**     Bloplac  diBi  is  s  hor  dist        -%•  coaine    "  *' 

**     Tert  taelfflit    Is  »  hot  dist        X  Ungent "    "       ** 
or  =»  sloping  dist  x  sine       "    "       " 
A  grade  of  n  feet  riae  per  100  feet  horizontal  la  usually  called  a  grade  ol 
a  per  eent. 


V-1 


of  srade  •f  1  decree.    See  p  254. 


Digitized  by  CjOOQ  IC 


256 


WEIGHTS  AND  MEABUBBB. 


SliOPBt   nt  FBBT   PSR  lOO   FT.  HORIZOHTAIi. 

The  ft«ctione  of  minntei  are  cItoii  onW  to  84  feet  In  100. 
A  elinom«tor  graduated  by  the  8a  oolnmn*  and  miinberad  by  the  flnt  oo^ 
will  give  at  eight  the  slopes  in  feet  per  100  feet    No  erron.  OriginaL 
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In  describing  milroo^d  si*8id«s,  it  io  noaal,  ao  in  our  tabloo,  to  refer  tlio 

rioo,  A,  to  the  corresponding  horigonkU  length,  B.    We  then  bOTO  r— rr  ""  n  *=" 

the  tangent  of  the  angle,  a,  between  the  plane  and  the 
horlxoutaL    If  the  rise.  A,  be  referred  u>  the  sUping 

-  ^  -  HfM  A ;  and  tliio 

oomponent,  8,  of  the 
slope.    Thua,  on  a 
length,  C,  we 
lanoeni  of  a  Is 
at  the  ateepeat 
even  on  eleotric 
m  18  to  15  per 
cent :  and.  on  these,  the  error,  due  to  using  tan  a  in- 
stead of  sin  a,  la  less  than  a  dilferenoO  of  0.2  per  oent 
in  the  grade,  and  about  *-  1  per  oent  of  the  true  ralue  of  &    For  steeper  grades, 
suoh  as  those  of  rack  railways,  it  shoald  always  be  specified  whether  tEe  rise 
refers  to  the  horizontal  or  to  the  sloping  measurement 
Tsrannweirse  ■■•pes,  such  as  those  of  earth  work,  are  sometimes,  like  railroad 
,,,    .4.»  -  .      ftrertlcal         A   .    .  „     ,      fthorisontal 

«^-'  "^^'^  *■  fthorlaontal'  S'  ^"*  "^^^^  ^  " 

B 


only  approxifiutfs/y proportional  to  8;  bat 
grades,  surmountea  by  traction  onW,  erei 
railways,  rarely,  if  OTer,  exceed  from  18  to  15  per 


flToriical 


B 

*A- 


ft  horiiontal ' 

^  is  the  ootaogent  of  the  angle,  a,  with  the  horlaontal,  or  the  tangent  of  the 

anirle  (90<^)  with  the  TorUcal. 
horijontal  to  1  rerticaL 


Thus  ftated,  a  slope  of  S  to  1  means  a  slope  of  2 
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WEIGHTS  AND  MEASURES. 


TABIiK  OF  HJBADS  OF  WATER  CORBESPOKDUre  TO 
OIYElf  PRESSURES. 

Water  at  maximum  density,  62.425  lbs.  per  cubic  foot  - 1  gram  per  cuUc 
centimeter ;  correeponding  to  a  temperature  of  4°  Centigrade «-  3».2^  Fabrenbelk 

Head  in  feet  —  2.306768   X  pressure  in  lbs.  per  square  inch. 
"  M     »  0.0160192  X  pressure  in  lbs.  per  square  foot 

Heads  corresponding  to  pressures  not  given  in  the  table  can  be  found  by 
fqrmulK,  or  token  from  the  Uble  by  simple  proportion. 


Premnre. 

Head. 

Pressare. 

Head. 

Preasiire.  | 

Head. 

■SiEt' 

'^T 

Feet 

lbs.  per 
sq.  in. 

'Sjr 

Feet 

lbs.  per 
sq.  in. 

lbs.  per 
sq.  ft 

Feet 

1 
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wM    10 
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60 
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W   11 

1584 

25.3744 

61 
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W        12 
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122 
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74 
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25 
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76 
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173.008 
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288.846 

k     S 
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76 
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18144 

290.608 

i           27 
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77 
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18288 
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78 
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18432 

295.266 

f           S 
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79 
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182.235 
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69.2030 
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299.880 

81 
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71.5098 

81 
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186.848 
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802.187 

82 
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82 
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83 

4752 
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83 
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84 
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78.4301 

84 
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809.107 

86 
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80.7369 

86 
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19440 

811.414 

86 

5184 

86 

12384 
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186 

19584 

818.720 

87 

RS?8 

85.3604 

87 
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200.689 
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19728 

816.027 

88 

5472 

87.6672 

88 

12672 

202.996 

188 

19872 

818.884 

89 

5616 

89.9640 

89 

12816 

206.302 

139 

20016 

820.041 

40 
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92.2707 

90 

12960 
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20160 

822.948 
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20304 
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96.8843 
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18248 
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20448 

S27JS61 

48 

6192 

99.1910 

93 

18392 

214.529 

143 

20592 

329.868 

44 

6886 

101.4078 

94 

18536 

216.836 

144 

20736 

382.175 

40 

6480 

103.8046 

96 

18680 

219.143 

146 

20880 

334.481 

46 

6624 

106.1113 

96 

18824 

221.460 

146 

21024 

336.788 

47 

6768 

108.4181 

97 

13968 

223.756 

147 

21168 

888.000 

48 

6912 

110.7249 

98 

14112 

226.063 

148 

21812 

84L408 

49 

7056 

113.0316 

99 

14256 

228.870 

149 

21466 

348.706 

50 

7200 

115.3384 

100 

14400 

230.677 

100 

21600 

8M.010 
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URBft  CORmBSPOHDIHG  TO  GITEH 
HEADA  OF  WATER. 

Watar  mt  mjudmum  density,  62.425  lbs.  per  cubks  foot  —  1  gram  per  cubic 
oniiiBeCer ;  coirespondiug  to  a  temperature  of  4P  Centigrade*-  39.2^  Fahreiilieit. 

Preasare  in  lbs.  per  square  inch  —  0.48SS07  X  head  in  feet 
Pleasure  in  Ibe.  per  square  foot »-  62.426      X  bead  in  feet. 
Prea»ares  eorreaponding  to  heads  not  given  in  the  table  can  be  found  by  these 
f^nrmw'**,  or  taicen  from  the  table  by  simple  proportion. 


Bead. 

Pressure. 

Head. 

Inches. 

Pressare. 

IncbeaL 

ntm,p^Bq.in. 

lbs.  per  sq.  A 

lbs.  per  sq.  in. 

lbs.  per  sq.  ft. 

0.096126 

0.106S77 
0.144502 
0.180628 
0.216753 

5.202083 
ia4(J4167 
15.(i06250 
20J90S33ii 
2aOl0417 
81.212500 

7 
8 
9 
10 
11 
12 

0.252879 
0.289005 
0.826130 
0JI61256 
0J8IS78S1 
0.483607 

86.414583 
41.616667 
46.818760 
62.020833 
67J222917 
62.425000 

Fset. 

Iba.  per 

sq.  in. 

1 

0.4335 

2 

0.3670 

3 

1.3005 

4 

1.7340 

5 

2L1675 

6 

2.6010 

7 

3.0345 

8 

3.4681 

9 

3.9016 

10 

4.3351 

11 

4.7686 

12 

5.2021 

13 

5.6356 

14 

6.0691 

15 

6.5026 

16 

6.9361 

17 

7.3606 

18 

7.8081 

19 

8.2366 

20 

8.6701 

21 

9.1036 

22 

9.5372 

23 

9.9707 

24 

10.4042 

25 

10.8377 

26 

11.2712 

27 

11.7047 

28 

12.1382 

29 

12.5717 

80 

13.0052 

81 

18.4387 

82 

13.8722 

m 

14.3M?7 

84 

14.7392 

85 

16.1727 

86 

15.6068 

87 

1BM9S 

]b0.  per 
■q.  ft. 


62L42S 
124.850 
187.275 
»49.7O0 
312.125 
374.560 
436.975 
499.400 
561.826 
624.230 
686.675 
749.100 
^11  '^25 

ll-SJ.50 

1 1 H*;  '>75 

l.Hi<f.l+25 

1435.775 
J  Itr^  f?00 

).;-:;  ^.50 
T.sr.  175 

3747^^»22 
lJm(i-.'i26 

1H72,750 

i<jrj."i.i76 

11^7.600 
2f>"i0.fj25 
^,^2.450 
V  1^-4  876 

2309  "26 


Head. 

Feet 


Prcasare. 


lbs.  per 
sq.  in. 


16.4733 
16.9068 
17.8408 
17.7738 
18.2073 
18.6408 
19.0748 
19.6078 
19.9418 
20.3748 
20.8083 
21.2418 
21.6753 
22.1089 
22.5424 
22.9759 
23.4094 
23.8429 
24.2764 
24.7099 
25.1434 
25.5769 
26.0104 
26.4439 
26.8774 
27.8109 
27.7444 
28.1780 
28.6115 
29.0450 
29.4785 
29.9120 
30.3455 
80.7790 
31.2125 
81.6460 
82.0796 


2372.150 
2434.675 
2497.000 
2559.425 
2621.850 
2684.275 
2746.700 
2809.125 
2871.550 
2933.975 
2996.400 
3058.825 
3121.250 
8183.675 
8246.100 
3808.525 
8370.950 
8433.875 
8495.800 
8558.225 
3620.650 
8683.075 
8745.500 
8807.925 
8870.350 
8932.775 
8995.200 
4057.625 
4120.050 
4182.475 
4244.900 
4307.325 
4369.750 
4432.175 
4494.600 
4557.026 
4619.400 


Head. 
Feet 


Prcasare. 


75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

86 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

ill 

igitized  by 


lbs.  per 
sq.  in. 


82.5130 
32.9466 
83.3800 
33.8135 
84.2471 
84.6806 
35.1141 
55.6476 
35.9811 
86.4146 
36.8481 
87.2816 
37.7151 
88.1486 
38.5821 
39.0156 
39.4491 


40.3162 
40.7497 
41.1832 
41.6167 
42.0502 
42.4837 
42.9172 
48.3507 
43.7842 
44.2177 
44.6512 
45.0847 
45.5182 
45.9517 
46.3a52 
46.8188 
47.2528 
47.6858 


lbs.  per 
sq.  ft. 


{ 


4681.875 
4744.300 
4806.725 
4869.150 
4931.575 
4994.000 
6056.425 
6118.850 
6181.275 
5243.700 
5306.125 
5368.550 
5430.976 
5493.400 
5555.825 
5618.250 
5680.676 
6743.100 
5806.526 
5867.950 
5930.376 
6992.800 
6055.226 
6117.650 
6180.075 
6242.600 
6304.926 
6367.850 
6429.776 
6492.200 
6554.625 
6617.050 
6679.475 
6741.900 
6804.325 
6866.750 
6929.176 
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WBIQHTB  XSV  itKASOBEB. 


TA13I.E  OF  PREMVRES  (tenilB 

e«d). 

Presswe.       1 

PreMvre. 

Prcnusb 

H6ftd. 
Feet 

Hemd. 

Head. 
Feet 

'Sjr 

X^ 

Feet. 

Xsr 

x^ 

■JjKr 

■Jj-r 

112 

48^28 

6991.600 

144 

62.4250 

8989.200 

176 

76.2972 

1098&MW 

11« 

48.9868 

7054.026 

145 

62.8585 

9051.625 

177 

76.7807 

11049.228 

114 

49.4198 

7116.450 

146 

68.2920 

9114.050 

178 

77.1648 

11111.600 

116 

49.8688 

7178.876 

147 

68.7256 

9176.476 

179 

77.6978 

11174.075 

116 

60.2868 

7241.800 

148 

64.1590 

9288J00 

180 

78.0818 

11286.900 

117 

60.7203 

7808.725 

149 

9801.825 

181 

78.4648 

11298.988 

118 

61.1688 

7366.160 

150 

65.0260 

9863.750 

182 

78J988 

11861 J60 

119 

51.6878 

7428.675 

161 

65.4596 

9426.176 

188 

79.3818 

11488.775 

120 

62.0208 

7491.000 

152 

65.8931 

9488.600 

184 

79.7668 

11486.900 

121 

62.4648 

7553.425 

168 

66.8266 

9061.025 

186 

80.1988 

11648.CB 

122 

62.8879 

7616.860 

164 

66.7601 

9613.450 

186 

80.6828 

116U.06O 

128 

68.8214 

7678,276 

156 

67.1986 

9675.876 

187 

81.0668 

U678L475 

124 

68.7649 

7740.700 

166 

67.6271 

9738JX)0 

188 

81.4898 

11788J0O 

126 

64.1884 

7808.125 

167 

68.0606 

9800.726 

189 

81.9828 

11796.820 

126 

64.6219 

7866.650 

158 

68.4941 

9868.160 

190 

82.8668 

11860.700 

127 

66.0664 

7927.976 

169 

68.9276 

9925.675 

191 

82.7996 

11928.175 

128 

66.4889 

7990.400 

160 

69.8611 

9988.000 

192 

88.2888 

11965.600 

k          129 

66.9224 

8062.825 

161 

69.7946 

10060.425 

198 

88.6669 

12048.028 

^       1»> 

66.8659 

8115.260 

162 

70.2281 

10112i»0 

194 

84.1004 

12110.480 

m      181 

66.7894 

8177.676 

168 

70.6616 

10176.275 

195 

84JU89 

12172J76 

m  i<3 

67.2229 

8240.100 

164 

71.0951 

10287.700 

196 

84.9674 

1228SJ00 

W      188 

67.6664 

8802.625 

166 

71.5287 

10800.125 

197 

85.4009 

12297.725 

W       184 

68.0899 

8864.950 

166 

71.9622 

10862.550 

198 

86J844 

12860.180 

^         186 

68.6284 

8427.876 

167 

724J967 

10424.976 

199 

86.2679 

12mj678 

186 

68.9670 

8480.800 

168 

72.8292 

10487.400 

200 

66.7014 

12486.000 

187 

68.8906 

8662.226 

169 

73.2627 

10549.825 

201 

87.1849 

12647.418 

188 

69.8240 

8614.660 

170 

78.6862 

10612.250 

202 

87.5684 

12809  JBO 

L          189 

60.2676 

8677.076 

171 

74.1297 

10674.675 

208 

88.0019 

12672.278 

1          140 

60.6910 

8789.600 

172 

74.6682 

10787.100 

204 

88.4364 

12784.700 

1          141 

61.1246 

8801.926 

178 

74.9967 

10799.626 

206 

88.8689 

12797.188 

f          142 

61.6680 

8864.850 

174 

76.4802 

10861.960 

206 

89JK»4 

12869.500 

^           148 

61.9916 

8926.775 

176 

76J687 

10924.875 

207 

89.7859 

12921J76 
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»  Py  agaiiiat  a  vert  plAoe.  no, 
of  onit  width,  y,  p«rp  to  the  paper,  and  of  depth,  D 
>  n  e.  bei^nnmc  at  water  surf,  n.  Area  of  plane 
-a^P  —  2A;  A  —  depth  from  surf,  n,  to  een 
of  grsF,  a,  of  plane,  n  o.  Water  at  its  max  density, 
or  «  -•  1  gram  per  ea  em  —  82.425  lbs  per  eu  ft, 
oofrespondins  to  a  temp  of  4**  C  -*  39J2f*  F, 
Let  6o  —  tp  D  —  unit  pres  at  depth,  X>.    Then 

^^'^ '-     Hsnee,  Pis  represented  hy 


D  —  wAo. 


ilea  of  triani^  i»  b  o. 


With  D  in  meters,  and  y  —  1  meter, 
With  D  in  feet.        and  y  —  1  foot. 
With  D  in  inehes,   and  y  —  1  foot. 


P,  in  kilograms,  -  500  D*. 
P,  in  pounds,       -    31.21251)*. 
P,  in  pounds.       -     0.21676  D*. 
TMal  pr«Miiir#,  P.  !■  11m,  on  Tertical  plMSCy  1  A  wide, 

exteadlnc  from  water  surf  to  depth,  D. 


D. 

F. 

D. 

P. 

D. 

P. 

D. 

P. 

tu. 

Iba. 

Ina. 

Iba. 

Ins. 

Iba. 

Ina. 

Iba. 

1 

0.2168 

7 

10.621 

15 

48.770 

30 

195.08 

2 

0.8670 

8 

13.872 

18 

70.229 

36 

280.91 

3 

1.9508 

9 

17.557 

21 

95.589 

42 

382.36 

4 

3.4681 

10 

21.675 

24 

124.85 

48 

499.40 

S 

5w4189 

11 

26.227 

t 

7.8032 

12 

31.213 

D. 

P. 

D. 

P. 

D. 

P. 

D. 

P. 

ft. 

iba. 

ft. 

Iba. 

ft. 

lbs. 

ft. 

lbs. 

1 

31.H3 

26 

21.100 

51 

81,184 

76 

180,^3 

2 

124.85 

27 

22.754 

52 

84,399 

77 

185,059 

3 

280.91 

28 

24,471 

53 

87,676 

78 

189,897 

4 

499.40 

29 

26,250 

54 

91,016 

79 

194.797 

5 

780.31 

30 

2^,mi 

55 

94,418 

80 

199,760 

6 

1.123.7 

31 

29,995 

56 

97,882 

81 

204.785 

7 

1^29.4 

32 

51,962 

V 

101,409 

82 

209,873 

8 

lIW.6 

33 

33.990 

58 

104,999 

83 

2  J  5,023 

9 

2^528.2 

34 

36,062 

59 

108.651 

84 

220,235 

10 

3,121.3 

35 

38,235 

60 

112,363 

85 

225,510 

11 

5776.7 

36 

40,451 

61 

116,142 

86 

230.848 

12 

4,494.6 

37 

42,730 

62 

U9,98i 

87 

236,247 

13 

5,274.9 

38 

43,071 

63 

123,882 

88 

241J10 

14 

Sll7.7 
7^022J 

39 

47,474 

64 

127.846 

89 

247,234 

15 

40 

49,940 

65 

131,873 

90 

252,821 

16 

7,990.4 

41 

52,4*8 

SS 

135,962 

91 

258,471 

17 

9,020.4 

42 

55,059 

67 

140,113 

92 

264,183 

18 

10,113 

43 

57,712 

^ 

144,327 

93 

269,957 

19 

11,268 

44 

60.427 

69 

148,603 

94 

275,794 

20 

12^485 

45 

63,205 

70 

152,941 

95 

281,693 

21 

13,765 

46 

66.046 

71 

157.342 

96 

287,654 

22 

1^107 

*Z 

68,948 

11 

161,806 

97 

293,678 

23 

16,511 

48 

71.914 

73 

166,331 

98 

299.765 

24 

17,978 

49 

74.941 

74 

170,920 

99 

305,914 

25 

19,508 

50 

71,031 

75 

175,570 

100 

312,125 

W9T  deptks  Met  gamndtiitlie  teMe,  we  have,  for  any  depth,  ly : 
total  preasure,  P,  —  pressure  orn —  ^  ^0^  n  —  any  number. 

Tboa,  for  a  depth,  IX,  of  8.5  feet,  we  may  take  n  «  2.    Then : 
lai.lV„maT^P.-  ^oUl pntu^^for  2  X  8.6  tt  ,  «S^  _  2256.10n». 

Wmr  m  peritos,  e  d,  of  the  plane,  we  have,  for  total  pressure  on  s  di 
isjirtiiantfd  by  trapasoid,  d  « : 
total  pnasuxa  on  s  d  -  total  pressure  on  n  d  —  total  pressure  on  n  s. 
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TABUS  OF  BISCHABOES  IN  CUBIC  FE£T  FEB  S£COBB 
COBBESFOWBIMO  TO  OIYEN  DISCHABOES  UIT  U.  0. 
OAULOMS   PER  24  HOIJBS. 

r.  S.  gsilon  =  281  cubic  inches. 

Viac&ge  in  cubic  feet  per  second  » 1.5472S  X  discharge  io  miliions  of  U.  &  gal- 
lons per  24  hours. 


Xfllkma 

Hfllionfi 

Mmiom 

M{tll0UB< 

of  US. 

CaMo  ffret 

of  U.  S. 

OubkfMf 

of  LT,  S. 

Cubic  feet 

of  u.  a. 

CuUc  f«t 

eshLii«i 

persecotid. 

l»1i^  per 

perSBCCiiHl 

«iil«.per 

[i«rHf«oiid. 

I^U  iwr 

perneooad. 

^Il£ 

S4£in. 

S4  hiTk 

24Jirt. 

^10 

.01.^7^ 

13 

20.1H<J 

48 

e6u63oe 

72 

111.400 

jm 

,0309446 

14 

21 MU 

41 

umsi 

73 

U194S 

JI90 

,(M^161» 

15 

23.2084 

45 

69,6253 

74 

114.4SS 

jfm 

jO6ie^*^0I 

16 

24J^V'i7 

46 

71.1-a'5 

T5 

116.012 

Mm 

J&7736H 

17 

2fiiKf29 

47 

7S1.7197 

76 

117.5S9 

JKO 

.092SS37 

la 

27.S501 

48 

74.2670 

77 

113.137    1 

J07O 

.l(l83()e     1 

19 

29,39?a 

40 

75,8142 

lii 

I'iO.eM 

*0@0 

;123T7S 

20 

30J44« 

50 

IIMU 

73 

122.231 

MO 

.139261 

31 

32.4915 

51 

78.90S7 

SO 

12;j.773 

.100 

.154728 

22 

84.0890 

52 

80.4559 

81 

125.826 

.200 

.809441* 

28 

80.5863 

58 

82.0031 

82 

126.873 

JOO 

.464169 

24 

87.1885 

54 

83J5508 

83 

128.420 

.400 

.618891 

25 

88.6807 

56 

85.0976 

84 

129.967 

.500 

773614 

26 

40.2279 

66 

86.6448 

85 

131.514 

j600 

S288S7 

27 

41.7752 

57 

88.1920 

86 

133.062 

700 

1  06306 

28 

43.3224 

68 

89.7393 

87 

134.609 

joo 

JOO 

l!23778 

29 

44.8696 

59 

91.2865 

88 

136.156 

1.89251 

80 

46.4169 

60 

92J387 

89 

137.703 

1.54723 

31 

47.9641 

61 

94.3809 

90 

189.251 

10 

11 

12 

8.09446 

82 

48.5113 

62 

96.9282 

91 

140.798 

464169 

88 

61.0685 

63 

97.4754 

92 

142.345 

6il8891 

84 

52.6058 

64 

99.0226 

93 

143.892 

7  78614 

85 

64.1580 

66 

100.570 

94 

145.489 

9.28337 
10.8806 
12.8778 
18.9251 
15.4723 
17.0195 
18.5667 

86 

55.7002 

66 

102.117 

95 

146.987 

87 

57.2476 

67 

103.664 

96 

148ii84 

88 

68.7947 

68 

105.212 

97 

150.081 

89 

60.3419 

60 

106.759 

98 

151.628 

40 

61.8891 

70 

108.306 

99 

153.176 

41 
42 

68.4364 
64.9836 

71 

109.853 

100 

154.728 

21 
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WBIOHTS  AJSm  MSASUBB8. 


TABIDS  OF  BISCKABOEB  IST  CUBIC  FBBT  PBB  SBCOHI) 
COBBESPOMBIHO  TO  «ITEM  BISCHAB«1»  IV  IM- 
PEBIAIi  «AI<I<OKS  PER  84  HOUBS. 

Imperial  gallon  ■■  277.274  cubic  inches. 

DlMharge  in  cubic  feet  per  second  « 1.85717  X  discharge  in  Imperial  gmUons  per 

24  hours. 


I 


MilUoDB 

Millions 

Millions 

Millions 

of  Imp. 

OnUc  feet 

of  Imp. 

Gable  feet 

of  Imp. 

Cubic  feet 

of  Imp. 

Cubic  feet 

gals,  per 

per  second. 

gals,  per 

per  second. 

gsJB.per 

per  second. 

gals,  per 

pereecond. 

24  hn. 

24hni. 

24hrB. 

24hrB. 

.010 

.0185717 

18 

24.1482 

48 

79.8583 

72 

188.7162 

.020 

.0871434 

26.0004 

44 

81.7156 

78 

185.5734 

.080 

.0567151 

27.8576 

45 

88.5727 

74 

187.4306 

.040 

.0742868 

29.7147 

46 

86.4298 

70 

189J2878 

.050 

.0928585 

81.6719 

47 

87.2870 

76 

141.1449 

.060 

.111430 

88.4291 

48 

"•89.1442 

77 

148.0021 

.070 

.180002 

85.2862 

49 

91.0013 

78 

144.8593 

.080 

.148574 

20 

87.1484 

60 

92,8685 

79 

146.7164 

.090 

.167145 

21 

89.0006 

61 

94.7157 

80 

148J)736 

.100 

.186717 

22 

40.8577 

52 

96.5728 

81 

160.4308 

.200 

.871434 

28 

42.7149 

68 

98.4300 

82 

102.2879 

.800 

.657151 

24 

44.5721 

64 

100.2872 

88 

104.1451 

.400 

.742868 

25 

46.4293 

65 

102.1444 

84 

106.0023 

jm 

.928685 

26 

48.2864 

66 

104.0015 

85 

107.8595 

.600 

1.11^ 

27 

60.1486 

67 

106.8587 

86 

109.7166 

.700 

1.30002 

28 

62.0008 

68 

107.7159 

87 

161^^738 

.800 

1.48574 

29 

53.8579 

60 

109JS780 

88 

168.4310 

.900 

1.67145 

80 

56.7151 

60 

111.4302 

88 

166.2881 

1.85717 

81 

67.5723 

61 

118.2874 

90 

167.1453 

3.71434 

82 

69.4294 

62 

116.1445 

91 

169.0025 

5JJ7161 

88 

61.2866 

68 

117.0017 

92 

170.8596 

7.42868 

84 

68.1488 

64 

118.8589 

98 

172.7168 

9.28686 

85 

65.0010 

65 

120.7160 

94   ^ 

174JS740 

11.1430 

86 

66.8581 

66 

122.5782 

95 

176.4812 

13.0002 

87 

68.7168 

67 

124.4304 

96 

178.2888 

14.8574 

88 

70.5726 

68 

126.2876 

97 

180.1455 

16.7145 

89 

72.4296 

69 

128.1447 

96 

182.0027 

10 

18.5717 

40 

74.2868 

70 

180.0019 

99 

188.8598 

11 

20.4289 

41 

76.1440 

71 

181.8591 

100 

186.7170 

J2 

22.2860 

42 

78.0011 
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^^JiJLJE  or  DtSCtKAWMtM  IN  OAIAOm   PE 
<^JBSJBSPOJrOIH«  TO   eiTJEN   DMCHAKG 

^  ^  gemJloB  =>  231  eubio  inches.    ImperUl  gallon  «  277.274  < 
ZHm^W^rrf    in    U.  S.  gallons  per  24  hours »  646317  X  disci 

pe 

X^^eAL&nrp  i  d  Imperial  gallons  per  24  hours  —  538454  X  disci 

^  pe 


I 
I 


3.377901 

7.795SM 

9.G9479S 
10.9S73S7 

i^ 

.%'^^^ 


0.538454 
1.076907 
1.615361 
2.153815 
2.692268 
8.280722 
3.769176 
4.307629 
4.846088 
5.384537 
5.922990 
6.461444 


4$ 

0 
fO 


7.538351 

8.076806 

&615259 

9.153712 

9.692166 

10.230620 

10.769078 

11.307527 

11.845981 

12.384434 

11J.922888 

,3  461^42 

J4,^3J*24JJ 


58 
54 
55 

56 
57 
58 
59 
60 
61 
62 
68 
64 
65 
66 
67 
68 
69 
70 
71 
72 
78 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
108 
104 
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WEIOHTS  AND  MEASUBES. 


TABIA  OF  DISCKAR«1»  (Conttnued). 

Cnb.  ft. 

HlIllonB  of 

MilllODBOf 

Cub.  ft. 

MlUiODSOf 

MilHoiM  of 

per  sec. 

U.  S.  gallons 

Imperial  gallons 

per  sec 

U.  S.  gallons 

Imperial  gallons 

per  24  honn. 

per  24  hours. 

per  24  honn. 

per  24  hours. 

i05 

67.863272 

56.637634 

167 

107.984919 

89.921761 

106 

68J»9589 

67.076088 

168 

108.581236 

90.460210 

107 

69.156906 

67.614642 

169 

109.227553 

90.998669 

208 

69.802223 

68.152995 

170 

109.873870 

91.537122 

109 

70.448540 

68.691449 

171 

110.620186 

92.075576 

110 

71.094857 

69.229903 

172 

111.166503 

92.614030 

111 

71.741174 

69.768356 

173 

111.812820 

93.152483 

112 

72.387491 

60.306810 

174 

112.459137 

9a690987 

113 

73.033807 

60.845264 

175 

113.105454 

94.229391 

114 

73.680124 

61.883717 

176 

113.751771 

94.767844 

116 

74.326441 

61.922171 

177 

114.898088 

95.806298 

116 

74.972758 

62.460625 

178 

115.04440& 

95.844751 

117 

75.619075 

62.999078 

179 

115.690722 

96.883205 

118 

76.265392 

63.537532 

180 

116.337038 

96.921669 

119 

76.911709 

64.075986 

181 

116.983355 

97.460112 

120 

77Ji68026 

64.614439 

182 

117.629672 

97.998566 

121 

78.204342 

65.152893 

183 

118.275989 

98.637020 

122 

78.850659 

65.691347 

184 

118.922306 

99.075473 

123 

79.496976 

66.229800 

185 

119i«8623 

99.613927 

124 

80.143293 

66.768254 

186 

120.214940 

100.152381 

125 

80.789610 

67.306708 

187 

120.861257 

100.690834 

126 

81.435927 

67.845161 

188 

121.607573 

101.229288 

127 

82.082244 

68.883615 

189 

122.153890 

101.767742 

128 

82.728561 

68.922068 

190 

122.800207 

102.3061M 

129 

83.374878 

69.460522 

191 

123.446524 

102.844649 

130 

84.021194 

69.998976 

192 

124.092841 

103.383103 

131 

84.667511 

70.637429 

193 

124.739168 

103.9216S6 

132 

85.313828 

71.075883 

194 

126.385475 

104.460010 

133 

85.960145 

71.614337 

195 

126.031792 

106.098464 

184 

86.606462 

72.162790 

196 

126.678108 

106.536917 

135 

87.252779 

72.691244 

197 

127.324425 

106.075871 

186 

87.899096 

73.229698 

198 

127.970742 

106.618825 

187 

88.545418 

73.768151 

199 

128.617059 

107.162278 

138 

89.191729 

74.806605 

200 

129.263376 

107.690782 

189 

89.838046 

74.846069 

201 

129.909693 

108.229186 

140 

90.484363 

75.383512 

202 

130.566010 

108.767638 

141 

91.130680 

76.921966 

203 

131.202327 

109il06098 

142 

91.776997 

76.460420 

204 

131.848644 

109J44547 

143 

92.423314 

76.998873 

205 

132.494960 

110.883000 

144 

93.069631 

77.537327 

206 

183.141277 

110.921464 

145 

93.715948 

78.076781 

207 

188.787694 

111.459908 

146 

94.362264 

78.614234 

208 

184.438911 

111.998361 

147 

95.008581 

79.162688 

209 

135.080228 

112.636815 

148 

95.654898 

79.691142 

210 

135.726545 

113.075269 

149 

96.301215 

80.229595 

211 

136.372862 

118.618722 

150 

96.947532 

80.768049 

212 

137.019179 

114.162176 

151 

97J)93849 

81.306503 

218 

187.666495 

114.690630 

1521 

98.240166 

81.844956 

214 

188311812 

115.229088 

163 

98  886488 

82.383410 

215 

188.958129 

115.767537 

154 

99.532800 

82.921864 

216 

189.604446 

116J0S991 

166 

100.179116 

83.460317 

217 

140.26U768 

116.844444 

166 

100.825433 

83.998771 

218 

140.897080 

117J»28M 

157 

101.471760 

84.537225 

219 

141.543397 

117.921SS3 

158 

102.118067 

86.076678 

220 

142.189714 

118.469805 

159 

102.764384 

85.614132 

221 

142.836030 

118J9982B9 

160 

103.410701 

86.152586 

222 

143.482347 

119Jn6713 

161 

104.057018 

86.691039 

228 

144.128664 

120.076168 

162 

104.703335 

87.229493 

224 

144.774981 

120413620 

168 

105.349651 

87.767947 

226 

145.421298 

121.162074 

164 

iaV995968 

88.306400 

226 

146.067615 

121.690S27 

165 

106.642285 

88.844854 

227 

146.713932 

122.228981 

166 

107.288602 

89.388808 

228 

U7JUOZ4^i^ 

Oc^767434 

TIME. 
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TABI.E  OF  BISCKARCIES  (Contliined). 

Cab.  ft 

Millions  of 

MilUons  of 

Cttb.it 

Millions  of 

Millions  of 

PffMC. 

U.  &  gallons 

Imperial  gallons 

per  sec. 

U.S.  gallons 
per  24  hours. 

Imperial  galloof 

per  24  boon. 

per  24  hoars. 

per  24  honts. 

229 

148.006566 

123.805888 

240 

155.116051 

230 

148.652882 

123.844842 

241 

155.762868 

129.767888 

231 

149.299199 

124.882796 

242 

156.408685 

180.805786 

232 

149.945516 

124.921249 

248 

157.056002 

180.844239 

233 

150J»18» 

126.459708 

244 

167.701819 

181.882693 

2U 

151.238150 

125.998156 

245 

158.847636 

izimiuj 

235 

151JS4467 

126.536610 

246 

158.993952 

182.459600. 

236 

152J530784 

127.075064 

247 

159.640269 

182.998054 

237 

153.177101 

127.618517 

248 

160.286686 

183.536506 

238 

15a82S417 

128.151971 

249 

160.932908 

184.074961 

239 

154.469734 

128.680125 

250 

161Ji79220 

184.613415 

TIME. 

60  seeonds,^  marked  s,  »  1  minute 

60  mintite8,t       "      m,  «=  1  hour  =>  8600  seoondi 

24  hoiin,  **       h, »  1  day    »  1440  minutes  »  86400  seconds 

7  dajs,  **       d,  =  1  week  =  168  hours       »-  10080  minutes 

ABC        Tims  Timic  Arc 

lo»  4  minutes  24  hours    =8&fi 

1'  «  4  seconds  1  hour     »•   15° 

1»  »  O.066...  second  1  minute  »     O^  15' 

1  second  «     fPi/  15" 

Me6lioJ>  of  r«efconln«  time.  Astronomers  distinguish  between  mean 
solar  time,  true  or  apparent  solar  time,  and  sidereal  time. 

At  a  standard  meridian  (see  page  267)  mean  solar  time  is  the  same  as 
ordinary  clock  time.  At  any  point  not  on  a  standard  meridian.  «taiufard  time 
b  the  local  mean  solar  time  of  the  meridian  adopted  as  standard  for  such  point ; 
and  heal  time  is  =  time  at  a  standard  meridian  jdiu  correction  for  lougitude 
from  that  meridiau  if  the  place  is  east  of  the  meridian,  and  vice  versa.  For  the 
amount  of  such  correction,  see  second  table  above.  A  Iriie  or  appareiaf 
■olar  4tajr  is  the  interval  of  time  between  two  suoceasive  culminations  of 
tl>e  sun,  ve.,  between  two  successive  transits  or  passages  of  the  sun  across  the 
meridiaii  of  the  same  point  on  the  earth ;  but,  since  these  intervals  are  unequal, 
tlM7  do  not  correspond  with  the  uniform  movement  of  clock  time.  A  fictltiouB 
or  imaginary  sun,  called  the  "  mean  sun,"  is  therefore  supposed  to  move  along 
the  equator  in  such  a  way  that  the  interval  between  its  culminations  Is  con- 
stant. This  interval  is  called  a  day,  or  mean  solar  day,  and  is  the  average  of  the 
lengths  of  all  the  opporea/  solar  days  in  a  vear.  Apparent  and  mean  time 
agree  at  four  points  In  the  year,  viz.,  about  the  middle  of  April  and  of  June, 
September  1  and  December  24«  The  sun  is  sometimes  behind  and  sometimes 
in  advance  of  the  mean  sun,  and  is  called  **  slow  "  or  **  fast "  accordingly.  The 
sun  ia  **  alow  "  in  winter,  the  maximum  being  about  February  II,  when  it  passes 
any  standard  meridian,  or  "souths"  (making  apparmt  noon),  about  14m.  28s, 
0/%er  noon  by  a  correct  clock.  The  sun  is  "  fast,"  or  in  advance  of  the -dock,  in 
May  and  in  the  Ikll,  with  a  maximum,  about  November  2,  of  about  16m,  20b. 

Tht  dilTerence  between  apparent  and  mean  time  is  called  the  equation  of 
tloae.  It  can  be  obtained  from  the  Kautlcal  Almanac,  or,  approximately,  by 
taking  the  mean  between  the  times  of  sunrise  and  sunset,  as  given  in  ordinary 


A»  tolar  time  is  measured  by  the  apparent  daily  motion  of  the  nm^  so  tidereal 
tinoe  ia  measured  by  that  of  the  fixed  «ter«,  or,  more  strictly  speaking,  by  the 
motion  of  the  vernal  equinox  which  Is  the  point  where  the  sun  crosses  the 
equator  in  the  spring. 

«  The  Hcond  was  formerly  divided  into  60  equal  parts  called  thirds  (marked 
<^ ;  but  it  is  now  divided  decimally. 


t  The  old  and  confusing  practice  of  designating  minutes,  seconds  and  thirds 
•f  time  (see  footnote  •)  as  %  '^  and '",  is  nolonger  in  vogue.    Davs,  1  '~ 

"    *      *  '  "  r  d,  h,  m,  and  s,  respectiveli . 

'  designate  minuteMndee^adsof  are. 


_  vogue.    Davs,  hours,  min- 

ntae  and'seeonds  are  now  designated  by  d,  h,*'m,  and  s,  respectively,  thus:  2d, 
1Dh«  48m,  55.43  a.,  and  the  symbols '  and  ^  ^    " 


^ 

> 
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A  sidereal  day  Ib  the  int«rTal  of  Ume  between  two  aaceeutve  ptflsagei  of 

the  Ternal  equinox  (or.  practically,  of  aoy  star)  past  the  meridian  of  a  given 
point  on  the  earth.  It  is,  practically,  the  time  required  for  one  complete  roTO- 
lution  of  the  earth  on  its  axis,  relatiyely  to  the  stars. 

The  length  of  the  sideral  day  is  28  h,  66  m,  4.09  s,  of  mean  solar  time,  or  S  m, 
55.91  A  of  mean  solar  time  less  than  the  mean  solar  day  of  24  hours.  In  other 
words,  a  star  will,  on  any  night,  appear  to  st?t  3  m,  55.91  s  earlier  by  a  correct 
clock  than  it  did  on  the  preceding  night.  Hence,  substantially,  tbe  number  of 
sidereal  days  in  a  year  is  greater  by  1  than  the  number  of  solar  days. 

The  sidereal  day,  like  the  solar  day,  is  divided  into  24  hours.  These  boars 
are.  of  course,  shorter  than  those  of  the  solar  day  in  the  same  proportion  as  the 
sidereal  day  is  shorter  than  the  solar  day.  They  are  counted  from  0  to  24,  com« 
mencing  with  sidereal  noon,  or  the  instant  when  the  vernal  equinox  passes  the 
upper  meridian. 

Tbe  clwll  day  (=  24  hours  of  dock  or  mean  solar  time)  commences  at  mid- 
night ;  and  the  aatronomlcal  eolar  day  at-  noon  on  the  civil  day  of  the 
same  date.  Thus,  on  a  standard  meridian,  Thursday,  May  9,  2  a.  m .  civil  time. 
Is  Wednesday,  May  8,  14  h,  astronomical  time;  but  Thursday,  May  9,  2  P.  u^ 
oivil  time,  is  Thursday,  May  9,  2  h,  astronomical  time. 

Tbe  civil  montn  Is  the  ordinary  and  arbitrary  month  of  the  calendar, 
varying  in  length  Arom  28  to  31  mean  solar  days. 

A  aidereal  montb  is  the  time  reqiiired  for  the  moon  to  perform  an  entire 
revolution  with  reference  to  the  stars,  its  mean  length,  in  mean  solar  time,  is 
about  27  d,  7  h,  48  m,  12  s. 

A  lunation,  or  synodic  montb  Is  the  time  from  new  moon  to  new 
moon.    Its  mean  length  is  about  29  d,  12  h,  44  m,  3  s. 

Tbe  tropical  or  natural  year  is  the  time  during  which  the  earth 
describes  the  circuit  from  either  equinox  to  the  same  again.  Its  mean  length, 
in  mean  solar  time,  is  now  about  865  d,  5  h,  48  m,  49  s. 

Tbe  sidereal  year  is  the  time  during  which  the  earth  describee  its  orbit 
with  reference  to  the  stars.  Its  mean  length,  in  mean  solar  time,  is  about  M5 
d,  6  h,  9  m,  10  8. 

Tbe  civil  year  is  that  arbitrary  or  conventional  and  variable  division  of 
time  comprised  between  the  Ist  of  January  and  the  31st  of  the  following  Decem- 
ber, both  Inclusive.  It  contains  ordinarily  865  mean  solar  days  of  24  hours,  but 
eacn  year  whose  number  is  divisible  by  4  contains  866  days,  and  is  called  a  leap 
year,  except  that  those  years  whose  numbers  end  in  00  and  are  not  multiples 
of  400  are  not  leap  years. 

To  reirnlAl^  a  wateb  by  tbe  stars.  The  author,  after  having  regu- 
lated his  chronometer  for  a  year  by  this  method  onl  v,  differed  but  a  few  seconds 
from  the  actual  time  as  deduced  from  careful  solar  observations.  Select  a 
window,  facing  west  if  possible,  and  commanding  a  view  of  a  roof-crest  or  other 
fixed  horizontal  line,  preferably  about  40°  above  the  horizon,  in  order  to  avoid 
disturbance  due  to  refraction,  and  distant  say  60  feet  or  more.  Note  the 
time  when  any  bright  fixed  star  (not  a  planet)  passes  the  range  formed  between 
the  roof,  etc.,  and  any  fixed  horizontal  line  about  the  window  fhime.  as  a  pin 
fixed  in  either  Jamb.  The  sight  in  the  window,  and  the  watch,  must  be  illumi- 
nated. The  star  will  pass  the  range  8  ra.  55.91  s.  earlier  on  each  suoceedin( 
evening.  Those  srars  which  are  nearest  tbe  equator  appear  to  move  the  fastest, 
and  are  thorerore  best  suited  to  the  purpose,  if  the  first  observation  of  a  given 
star  be  made  as  late  as  midnight,  that  same  star  will  answer  for  about  three 
months,  until  at  last  it  will  begin  to  pass  the  range  in  daylight.  Before  this 
happens,  transfer  the  time  to  another  star  which  sets  later.  By  thus  tabulating, 
throughout  the  year,  about  half  a  dozen  stars  which  follow  each  other  at 
nearly  equal  intervals  of  time,  we  may  provide  a  standard  by  means  of  which 
correct  clock  time  may  be  ascertained  on  any  clear  night.  Experimenting  in 
this  way  with  two  of  the  best  cbronometers,  the  author  found  that  their 
rates  varied,  at  times,  as  much  as  from  three  to  eight  seconds  per  day. 


An  average  man  takes  two  steps  (one  right,  one  left)  per  second. 
uenoe,  march  music  usuaUy  takes  one  second  per  measure  (or  "  tmr  *').  Modem 
watches  usually  tick  five  times,  and  clocks  either  one,  two,  or  four  time^ 
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STANDARD  RAILWAY  TIME.  267 

STAHDABD  BAlIiWAT  TIME,  ABOPTED  IMS. 

Tbo  following  arrangement  of  standard  time  wai  recommended  by  the  Oeneral 
and  Bootlwra  Time  ConreBttone  of  the  railroads  of  the  United  States  and  Canada, 
held  respactiTely  in  St.  Louis,  Mo.,  and  Mew  York  city,  April,  1883,  and  in  Chicago, 
Ul.,  and  New  York  city,  in  October,  1883,  and  went  into  effect  on  most  of  the  mil- 
raada  of  the  United  States  and  Oanada,  Norember  18th,  1883.  Most  of  the  princi|Ml 
citiee  of  the  United  States  have  made  their  respectiTe  local  times  to  corrsHpoiid  with 
it.  This  system  was  proposed  by  Mr.  W.  F.  Allen,  Secretary  of  the  Time  Con  Ten* 
tiona,  and  its  adoption  was  largely  due  to  his  efforts.  We  ara  indebted  to  Mr.  Allen 
tor  doenments  from  which  the  following  has  been  condensed.  Five  standards  of  time 
or  five  **  timas,**  hare  been  adopted  for  the  United  States  and  Canada.  These  are, 
respectirely,  the  mean  thnea  of  tlie  60th,  76th,  90th,  105th,  and  120th  meridians  west 
of  Greenwich,  England.  As  each  of  these  meridians,  in  the  above  order,  inMiP  west 
of  its  predecessor,  its  time  is  one  hour  slower.  Thus,  when  it  is  noon  on  the  00th 
meridian,  it  is  1  r.  m.  on  the  75th,  and  11  a.  m .  on  the  105th.  The  following  giTss 
the  name  adopted  for  the  standard  time  of  each  meridian,  and  the  conrentional 
color  adopted,  and  uniformly  adhered  to,  by  Mr.  Allen,  for  the  purpose  of  designat* 
ing  it  and  its  time,  ftc,  on  the  nuips  published  under  his  auspices: 


Longitude  west 
from  Greenwich. 

Name  of 
Standard  Time. 

CouTentional 
color. 

eop 

900 
lOfiO 

laoo 

Intercolonial. 

Eastern. 

Central. 

Mountain. 

Pacific 

Brown. 

Red. 

Blue. 

Oreen. 

Yellow. 

Theoretically,  each  meridian  may  be  said  to  give  the  time  for  a  strip  of  country 
15^  wide,  mnning  north  and  south,  and  having  the  meridian  for  its  center.  Thus 
the  meridian  on  which  the  change  of  time  between  two  standard  meridians  is  sup- 
posed to  take  place,  lies  half-way  between  them.  But  It  would,  of  course,  not  bo 
practicable  for  the  railroads  to  use  an  imaginary  line  in  passing  from  one  time 
ttandard  to  another.  The  changes  are  made  at  prominent  stations  forming  the  ter- 
mini of  two  or  more  lines;  or,  as  in  the  case  of  the  long  Pacific  roads,  at  the  ends 
of  divisions.  As  Ult  as  practicable,  points  at  which  changes  of  time  bad  previously 
been  mmAe,  were  selected  as  the  changing  points  under  the  new  system.  Detroit, 
Mich.,  Pittsbargb,  Pa,  Wheeling  and  Parkersbnrg,  W.  Va.,  and  Augusta,  Oa.,  al- 
thon^  not  situated  upon  the  same  meridian,  are  points  of  change  t>etween  eastern 
snd  ceniral  standard  times.  A  train  arriving  at  Pittsburgh  from  the  east  at  noon, 
and  leaving  for  the  west  10  minutes  after  its  arrival,  leaves  (by  the  figures  shown 
apon  its  time-table,  and  by  the  watches  of  its  train  hands)  not  at  10  minutes  after 
12,  bat  at  10  minntss  alter  11. 

The  necessity  for  making  the  changes  of  time  at  principal  points,  instead  of  on  a 
tme  meridian  line,  necessitates  also  some  **  overlapping  "  of  the  tim«s,  or  of  their 
eolon  on  the  map.  Thus,  most  of  the  roads  between  Buffalo  and  Detroit,  on  the 
9orth  side  of  Lake  Brie,  run  by  *' eastern,*'  or  *'red,**  time;  while  those  on  the  touih 
aide  of  tbe  I>ake,  between  Buffalo  and  Toledo,  immediately  opposite  to  and  directly 
sooth  of  them,  run  by  **  central "  or  "  blue  *'  time. 

If  the  cbangsB  of  time  were  made  at  the  meridians  midway  between  the  standard 
ooea,  it  wooldnot  be  necessary  for  any  town  to  change  its  time  more  than  30  min* 
Qtes.  As  it  is,  somewhat  greater  changes  had  to  be  made  at  a  few  points.  Tbns, 
ttandard  time  at  Detroit  is  82  minutes  ahead,  and  at  Savannah  36  minutes  back,  of 
mean  local  time. 

In  moet  cases  the  necessary  change  was  made  npon  the  railways  by  simply  setting 
docks  and  watches  ahead  or  back  the  necessary  number  of  minutes,  and  without 
making  any  change  in  time>tables. 

Hali&x,  and  a  few  adjacent  cities,  use  the  time  of  the  80th  meridian,  that  being 
the  neax«8t  one  to  them ;  but  the  raUroadt  in  the  same  district  have  adopted  tbe 
75th  merhUan,  or  eastern,  time;  so  that,  for  railroad  purposes,  intercolonial  time 
has  never  come  into  force. 

In  1878  there  were  71  time  standards  In  use  on  tbe  railroads  of  the  United  SUtes 
and  Canada.  At  the  time  of  the  adoption  of  the  present  system  this  number  had 
keen  reduced,  by  consolidation  of  roads,  Ac,  to  53.  By  iU  adoption,  the  number  be- 
came 6,  or,  practically,  4,  owing  to  the  adoption  of  eastern  time  by  the  intereoloidal 
•cads,  as  already  explained,  ^.^.^.^^^  ^^  L^OOg IC 
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DIALLING. 


To  make  a  borlxoiital  Saii«dlal« 

Draw  a  line  a  h ;  and  at  right  angles  to  it,  draw  66.  From  any  convenient  pointy  as  e, 
in  a  6,  draw  the  perp  c  o.  Make  tlie  angle  cao  equal  to  the  lat  of  the  place ;  bIm 
the  angle  e  o  e  equal  to  the  same ;  Join  o  e.  Make  e  n  eqoal  to  o  e;  and  from  n  as  • 
center,  with  the  rad  e  n,  describe  a  quadrant  e  s;  and  div  it  into  6  equal  parts.  Draw  « 
y,  parallel  to  6,  6;  and 

from  n,  through  the  6  „  DIAL 

points  on  the  quadrant, 
draw  lines  n  f ,  n  t,  Ac, 
terminating  in  ey.  From 
a  draw  lines  a  6,  a  4,  Ac, 
passing  through  f,  i,  Ac. 
From  any  convenient 
point,  as  c,  describe  an 
arc  r  m  A,  as  a  kind  of  fin- 
ish or  border  to  half  the 
dial.  All  the  lines  may 
now  be  eflaced.  except 
the  hour  lines  a  6,  a  ^ 
a  4,  Ac,  to  a  12,  or  a  A ; 
unless,  as  Is  generally 
the  case,  the  dial  is  to 
be  divided  to  quarters 
of  an  hour  at  least.  In 
this  case  each  of  the 
divisions  on  the  quad* 
rant  e  «,  must  be  subdivided  into  4  equal  parts;  and  lines  drawn  from  n,  throngh 
the  points  of  subdivision,  terminating  in  e  y.  The  quarter-hour  lines  must  be  drawn 
from  0,  as  were  the  hour  lines.  Subdivisions  uf  5  min  may  be  made  in  the  same 
way ;  but  these,  as  well  as  single  min,  may  usually  be  laid  oCT  around  tlie  border,  bv 
eye.  About  8  or  10  times  the  sice  of  our  Fig  will  be  a  convenient  one  for  an  ordi- 
nary dial.  To  draw  the  other  half  of  the  Fig,  make  a  d  equal  to  the  intended  thick- 
ness of  the  gnomon,  or  style,  of  the  dial;  and  drawd  12,  parallel,  and  equal  to  a  12;  and 
draw  the  arc  x^  (0,  precisely  similar  to  the  arc  r  m  A.  Between  x  and  to,  on  the  arc xg  ts^ 
spnce  off  divisions  equal  to  those  on  the  arc  rmh\  and  number  them  for  the  hours, 
as  in  the  Fig.  The  style  F,  of  metal  or  stone,  (wood  is  too  liable  to  warp,)  will  be 
triangular ;  its  thickness  must  throughout  be  equal  to  a  d  or  A  w ;  its  base  must 
cover  the  space  adhw\  its  point  will  be  atad;  and  its  perp  height  A  m,  ovor  A  «e^ 
must  be  such  that  lines  cd,  tta,  drawn  from  its  top,  down  to  a  and  d,  will  make  the 
angles  uah^vdw,  each  equal  to  the  lat  of  the  place.  Its  thickness,  if  of  metal,  may 
conveniently  be  from  ^  to  W  inch ;  or  if  of  stone,  an  inch  or  two,  or  more,  according 
to  the  size  of  the  dial.  Usually,  for  neatness  of  appearance,  the  back  A  u  v  «o  of  the 
style  is  hollowed  inward.  The  upper  edges,  ua^vd^  which  cast  the  shadows,  most 
be  sharp  and  straight.  The  dial  must  be  fixed  in  place  hor,  or  perfectly  level ;  a  k 
and  dw  must  be  placed  truly  north  and  south ;  ad  beinc  sonth,and  Aw  north.  The 
dial  gives  only  sun  or  solar  time ;  but  clock  time  can  be  found  by  means  of  the  **  fiist 
or  slow  of  the  sun,*^  as  given  by  all  almanacs.  If  by  the  almanac  the  sun  is  5  min. 
Ac,  fast,  the  dial  will  be  the  same ;  and  Uie  clock  or  watch,  to  be  eorrect,  most  be  i 
min  slower  than  it ;  and  vice  versa. 

To  iHAlKe  a  Vertical  Bnn-Blal. 

Proceed  as  directed  above, except  that  the  angles  oas  and  eo«  on  thedrawlnfc, 
and  the  angle  «  a  A  or  «d  to  of  the  strle,  must  be  equal  to  the  oo-latitade  {=»  dif- 
ference between  the  latitude  and  90°)  of  the  place,  and  the  hours  must  be  num- 
bered the  opposite  war  from  those  In  the  above  figure ;  i  s,  from  A  to  y  number 
12, 11, 10, 9, 8, 7 ;  and  from  to  to  ^  number  12, 1, 2, 8, 4,  S.  The  dial  plate  mast  be 
placed  vertically,  in  the  poaltlon  shown  io  the  figure^  Daelng  ezaoUj  south,  and 
with  a  A  and  dw  vertioaL 
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LAND  SURVEYING. 


Ih  mxrrejlns  a  tract  of  ground,  the  tides  which  compose  Its  oatline  are  desiffk 
Dated  by  numoers  in  the  order  in  which  they  occur.  That  end  of  each  side  which 
first  presents  Itself  in  the  course  of  the  surrey,  may  be  called  its  n«ar  end ;  and  th« 
other  it*  far  end.  The  number  of  each  side  is  placed  at  its  far  end.  Thus,  in  Fig.  i, 
the  survey  being  supposed  to  commence  at  the  corner  6,  and  to  follow  the  direc- 
tion of  the  arrows,  toe  first  side  is  6, 1 :  and  its  number  is  placed  at  Its  far  end  at  1 ; 
and  so  of  the  rest.  Let  NS  be  a  meridian  line,  that  is,  a  north  and  south  line; 
and  EW  an  esst  and  west  line.    Then  in  any  side  which  runs  northwardly^^ 


whether  northeast,  as  side  2 ;  or  northwest,  as  sides  5  and  1 :  or  due  north;  the 
distance  in  a  due  north  direction  between  its  near  end  and  its  far  end,  is  allied 
its  fhorthingj  thus,  a  1  is  the  northing  of  side  1;  16  the  northing  of  side  2 ;  4e 
of  side  5.  In  like  manner,  If  any  side  runs  in  a  southwardly  direction,  whether 
southeastwardly,  as  side  8 ;  or  south  westwardly,  as  sides  4  and  6 ;  or  due  south : 
the  corresponding  disunce  in  a  due  south  direction  between  Its  near  end  and  ita 
far  end,  is  called  its  totOhing;  thus,  d  8  is  the  southing  of  side  8;  8  s  of  side  4 ; 
/ «  of  side  6.  Both  northioffs  and  southings  are  included  in  the  general  term 
Difference  of  LatUude  of  a  side ;  or,  more  commonly  but  erroneously,  its  laHhide, 
The  distance  due  east,  or  due  west,  between  the  near  sod  the  far  end  of  any  side, 
is  in  like  manner  called  the  easUmg,  or  vealing.  of  that  side,  as  the  case  may  be ; 
thus,  6a  is  the  westing  of  side  1 ;  5/  of  side  6;  c5  of  side  6;  a 4  of  side  4;  and 
b  2  is  the  easting  of  side  2;  2d  of  side  8.  Both  eastings  and  westings  are  included 
in  the  general  term  D^toHure of  aside;  implying  that  the  side  departa  so  far 
from  a  north  or  south  direction.  We  may  say  that  a  side  norths,  wests,  sootheaatSL 
Ac.  We  shall  call  the  northings,  southings,  Ac.  the  Ns,  Ss,  £b,  and  Ws ;  the  lati- 
tudes, lata ;  and  the  departures,  deps. 

Perfect  accuracy  is  unattainable  in  any  operation  InTolving  the  mesaare* 
ments  of  angles  and  distances.*  That  work  is  accurate  enougn,  which  cannot 
be  made  more  so  without  an  expenditure  more  than  commensurate  with  tha 
object  to  be  gained.  There  Is  no  great  difficulty  in  oonfining  the  uncertainty 
within  about  one-half  per  cent,  of  the  content,  and  this  probably  never  pre- 
▼ents  a  transfer  in  farm  transactions.  But  errors  always  become  apparent  wbea 
we  come  to  work  out  the  field  notes ;  and  since  the  man  or  plot  of  the  surToy,  and 
the  calculations  for  ascertaining  the  content,  should  be  consistent  within  them* 
selyes,  we  do  what  is  usually  called  oorreeHng  the  errors,  but  what  in  fact  is  simply 


humoring  them  tn,  no  matter  how  scientific  the  process  may  appear.  We  distrib- 
ute them  all  around  the  survey.  Two  methods  are  used  for  this  purpose,  both 
based  upon  preeiselT  the  same  principle :  one  by  means  of  drawinc;  the  other. 


more  exact  but  much  more  trouolesome,  l>y  calculation.  The  graphic  method,  in 
the  hands  of  a  correct  draftsman,  is  sufficiently  exact  for  all  ordinary  purposes, 
ikdd  all  the  sides  In  feet  together;  and  dlTtde  the  sum  by  their  numoer,  for  the 
average  length.  Divide  this  arerage  by  8 ;  the  quotient  will  be  the  proper  scale 
in  feet  per  inch.  In  other  words,  take  about  8  ins.  to  represent  an  average  side. 
We  shall  take  it  for  granted  that  an  engineer  does  not  consider  it  accurate  work  to 


.}  ft.  ekala  baj  vary  lla  length  ft  Itat  , 
I  of  tnim4atur«:  and  tkU  aloae  will  maka 


par  mlla,  betwaaa  viatar  aad  MiauBar,  by  m» 

"-  a  dlflirraaa  of  aboat  I  aera  la  63S.    11m  al 

data  i  aa  fk«M  taa  aaaa^la  la  laUa,  f^  Ml,  ( 
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mmmntam  aa^H  «•  tkaMwwt  qurter  of  m  defrM,  which  I*  fbtuul  prMUMUMag  laod-rarvtv 
■I.  nmj  eaa,  bj  M— ■■  of  th«  engliMCT'i  trmaitt,  now  In  nalTsml  on  on  ear  pablio  worka,  b«  rMdllj 
■HMRd  wlthte  a  HiBaM  or  two ;  and  boinf  thu  mneh  nore  neenrsM  than  th«  eompaaa  oonnea, 
rvkkh  flMiBoc  b*  read  off  m  ehiaelr,  and  whloh  are  amtnowv  rattjcet  to  maaj  Mmraei  of  error.)  tbey 
Mm  IB  eorraet  ftbo  latter  In  the  oOee.  The  notinf  of  the  oonnea,  bowerer,  ■bqnld  not  be  oonilned  te 

fneea  at  tbe  mlnntea. 


u  a  rale,  alwrnya  to  pelnt 
A*  ««rtb  of  lh«  eoapaae* 
bn  ttmrd  tkio  Jiieut 
TboM  beariac  is  to  be 
ukaa.  and  to  read  off 
frm  tbe  MTCft  cad  or  the 
aaeAau  A  paeaoa  who 
aaca  iadlCercallj  the  H 
•b4  tbe  B  or  the  box.  and 
«^  ibe  aaedla.  vffl  be  TaiT 


6    v'i 

hatOHTuwaA  iaatrnieat  b  gradaatid  freak  the  mhw  Kre  to  Wfi  eaflh  waj;  If  it  la  gradaaiai 
I  aaiw  to  MOP  tha  praeaattoB  U  oaalaaa.    Wbea  tbe  amall  aagle  Is  eztarior.  aablnet  It  fron  BM* 
i^r  the  iatCTlor  ooe. 

j^sTpaciac  the  Add  work  to  be  llnlabed,  tad  that  we  raqnire  a  plot  from  whieh  the  oonlenta  may 
be  ^coiaad  nMobaaicBUj.  by  dlrlding  It  inio  trtaaglea.  (the  baaea  and  balgbu  of  whiob  nay  be 
id  by  oeale.  and  their  areaa  oalenlaied  one  by  one.)  a  protnoiien  of  it  nay  be  made  at  oi 
e  Md  oetaa,  either  by  naing  tbe  atifflaa,  or  by  flrat  aorraotlng  the  l^aringa  by  meaaa  of  t 


I  oetaa,  either  by  naing  tbe  enplaa,  or  _, „ ,-  -, 

■hmn  aalag  them.  Tbe  laat  ia  the  baatk  beeanee  la  the  Brat  tbe  protraecor  moat  be  moved 
»  eacB  anair  ;  wbereaa  In  the  laat  it  will  remain  aUrioaary  while  all  tbe  beariaga  are  being  priekad 
^  KveryBovwrneBtofltineraaaaetheUahUltyteerren.  The  mauMT  ef  eocreoting  Ue  betflngi 
liesplataMd  em  the  next  page. 
Ia  either  earn  the  protmeied  plot  wOI  eertalaly  not  eleee  preelaely ;  not  only  la  eonaeqaenoe  of  errora  In 
ibe  iehl  work,  but  also  in  theprecroetlng  ltael£  Thna  the  laat  aide.  NoS,  Fig  9.  laatead  of  oloaing  In  at 
oBTMr  g,  will  and  oonaewbere  elao.  any,  Ibr  inatanje,  at  I ;  the  diat  f  6  being  tbe  doaing  error,  which, 
b««**flr.  a«  rcpreaeated  in  rig  1.  la  more  than  ten  timaa  aa  great,  proportlonaUy  to  the  aiae  of  the 
mrrey,  aa  woadd  be  allowablarin  praetlee.  How  to  hnmor>lB  thla  error,  rale  throngh  ercry  eomer 
a*art  Una  parallel  to  (6;  and,  in  all  eaaea,  in  the  dlreetkm  ^-om  Kwhererer  it  maybe)  ce  the 
nanlnc  polBt  ft.  Add  at)  the  aidm  together;  and  mearare  16  by  the  aoale  of  the  plot.  Thenbefl» 
iiag  at  aencr  1,  at  the  frr  end  or  aide  1,  aay,  ae  tha 

Sum  of  an       ,       Tolaloloaftic       ,.  .^.1  •  K*^^ 

KhaaSdaa         •  enortg  ••  ""*'  •        ftriUeL 

1^  e«  Ala  error  from  1  lo  A    Tban  at  eoraer  1,  any,  aa  the 

S«m  of  all       ,       Total  cloeing       . .  8am  of  «  Irror 

theaklea        •  error  (ft  ••      eldealaadS        •        Ibraidat. 

mbiA  error  bay  off  froaa  1  to  b ;  and  ao  at  eaeh  of  tbe  oomera;  always  aaiog,  aa  the  third  term,  tfeft 
•em  of  cha  eldee  between  the  etarttng  point  and  the  glren  omter.  Ftnally,  Join  the  polntt  a,  h,  c 
d,  c  ft :  nod  the  plot  la  flnbihad. 

The  BBwaatian  hae  erldeal^  changed  the  leaflh  of  ercry  aide ;  lengthening  aome  and  ahortenlng 
othara.  U  baa  alao  ehaagadthe  anglea.  Tbe  new  leagtba  aad  anglea  may  with  tolerable  aooaraoy 
U  fiaaad  Igr  aieana  of  the  aeale  aad  protraotor ;  and  be  marked  on  the  plot  Inaiead  of  the  eld  onea. 

fnm  theaa  to  be  fbaad  In  boots  on  anrrcylng.    Thto  la  tbe  only  way  In  which  be  oan  learn  what  la 
lewerT    —  •  ■      •  -      -       - .-  « —  —■»  — ^- 

mea      _ 
doao  uon  raataaateeldeea;  and  they  ah 
■eat-aaalwr.    A  very  iae  needle,  with  a 
aaglae;  tt  Maat  be  held  fcrttoal- 
peaeO  ehoald  be  hard  (lUefa 


i 


amast  bv  aaoarate  work.   Hie  aemlclranUr  protmelor  aboold  be  about  9  to  12  Ina  In  dlam  and  gradn* 
aaadtalOaiB.    — . .. ^.-.. 


„ „  _   _     - a  paper  aa  the  plot 

ia  dvawa  aa.  This  will  obiriato  ta  a  eeaeMeraUe  Mint,  crron  arislag  from  eontraotlon  aad  expaa- 
'  a.  Uafortaantaly,  a  sheet  of  paper  deea  net  ooalraet  and  expand  fn  tbe  aame  proportion  length- 
M  aad  eatiaaalas,  thaa  praveatlng  the  paper  aeble  from  being  a  perfeet  oorraeclTe.  In  ploU  of  oom* 
a  flerai  earvefe,  te.  howcTcr,  tho  emra  hwm  this  aearoa  may  be  negleeted.  For  aoeb  plota  as  mar 
puilaaetod.  tf  vUed,  aad  onapatad  whbtai  a  time  tee  chert  to  admit  of  appreOlaUe  ebaage,  the  ordl- 
rr  eaataa  of  wood.  Ivory  or  metal  may  be  aacd ;  bat  satlafbetory  aeevraey  cannot  be  obtained  with 
n  em  ploM  raonlrtag  ae«<val  days,  if  tbe  air  be  meanwhile  alternately  moist  and  dry,  or  •abieMte 
laldeMMa  vmrfatlans  in  tMftpmataia.  What  is  called  porvtaMal  paper  le  worse  la  this  respeet  thaa 


Z/D 


ULND  SUBYEYINO. 


Wbm  Om  plot  hM  many 
■Inoe,  la  k  wvU-pmibviMdi 


(It  should  not  esBMMlaboat  x^  Pi^of  th«  pvipbary.)  Kmaj  osaall j  to  divldad 

Mrelj  plMiii«  atont  M.  M>  ud  K  «r  It  Uoonan  abovt  K,  M.  u<l  K  v^J  arooi 

Q  t  J*     iDtornicdU 

*  •'  A -1 |C      OoBltbyc 


^IflBlatinj  tlM  BtTOt  tot  Moh  dl  ttan  Imombm  todtoiMj  SMt 

lorTflgf  uid  procraetlon,  tb*  entlrvarror  will  to  but  a  twt  ■owll  qaaDtl^. 

UraddMbf 
,  arooDd  the  plot;  and  at 

iDtarnicdlata  eorncn  propor- 

•  '  O , 1 — ^     I**      tloB  It  by  eje.    Or  oaloiilatloB 

* ■ 1  ^1  I  I        maj  to  aroldad  mtireij  bj 

dravlDc  a  Una  a  i  of  a  laactfe 

Soal  to  tht)  nalted  teacthi 
aU  the  aidw ;  dlrtdinc  U 
a,  1;  1,  t ;  *o.  equal  to  the  nflpeotlre  ildM.  Makefteequal  to  the  entire  eloalng  error; 
join  «  e ;  aaa  draw  I ,  I' ;  t.  r  j  to,  whloh  will  give  the  error  ateaeh  eomer. 

When  the  plot  is  thos  eompleted.  It  migr  to  divided  1^  One  peneU  lines  Into  Iriaaales,  whoaa 
bases  and  betgbU  may  to  meaaared  by  the  soale.  In  order  lo  oompnie  the  eontonts.  With  eare  la 
toth  the  sorr^  and  the  drawinf ,  the  error  should  not  saeeed  atoat  jlj,  part  of  the  trae  area.  At 
least  two  distinet  sets  of  triangles  should  to  drawn  and  oonpnled,  as  a  guard  egainst  mistakes ;  mad  If 
Um  two  sets  dlflbr  In  oaloolatsd  oeaisnts  more  than  about  -^j^  part,  thej  have  not  been  as  earetally 
prepared  as  they  stonld  have  been.  The  eloslng  error  due  to  imperfeetfleldwork,  mar  to  aeenratelj 
oaloulated,  as  we  shall  show,  and  laid  down  on  the  paper  toforc  beginning  the  plot :  thus  famishing 
a  perfMt  test  of  the  aoonraej  of  the  protraotion  work,  whloh,  if  oorreotlj  done,  will  not  oloee  at  the 
point  of  bealnning,  but  at  the  point  which  indicates  the  error.  But  this  ealctUatUM  of  tto  error,  by 
a  little  additional  trouble,  fkimlshes  data  also  for  dividing  it  by  ealeolation  among  the  dlff  aidee  ; 
besides  the  means  of  .drawing  the  plot  ee»-r««(fy  at  onoe,  without  the  use  of  a  protractor ;  thus  ena- 
bling us  to  make  the  enbeequent  measurements  and  oompntations  of  the  triangletf  with  more  oer 
tainty. 

We  shall  now  deserito  this  prooess,  bat  would  reoommend  that  even  when  It  ie  aaiphiyed,  aad 

'-"7  tn  eomplieated  surveys,  a  rough  plot  should  flrat  to  made  and  oorreotcd,  by  the  8nt  of  the 

laaieal  methods  alrea»  alluded  to.  It  will  prove  lo  to  of  great  servloe  la  using  the  metlMd 
Ij  eahmladon.  Inasmuch  ■«  It  fnmUhes  an  eye  oheck  to  vexatious  mistakes  whloh  are  otherwiae  apt 
to  ooour:  for,  although  the  principles  Involved  are  extremely  simple,  and  easily  rcvrmbersd  whan 
onee  understood,  yet  the  continual  obanges  In  the  directions  of  the  sidss  will,  without  great  eara, 
cause  us  to  use  Ns  instead  of  8s ;  Es  instead  of  Ws,  Ac 

We  suppose,  thm.  that  each  a  rough  plot  baa  been  prepared,  and  that  the  aaglee,  bearinga,  and 
distanoee.  as  taken  fh>m  tto  field  book,  are  flgured  upon  It  la  hmdpnuU. 

Add  together  the  falsfior  angles  fbrmed  at  all  the  oomers :  eall  their  aum  a.    Mult  tto  number  af 

sides  br  1 W ;  tram  the  prod  eubtraot  880^* :  if  the  remainder  Is  equal  to  the  sum  a.  It  is  a  proof  that 
...  ..  ^ ^jll  J — .    ., 


tto  angles  have  been  eorreotly 


always  to  some 


ksured.*     This,  however,  will  rarel 


but  If  tto  fleld  work  has  been  performed  with  moderate  care,  this  will 


to  If 
elthi 


ever  ooour;  there  will 


) 


not  eseeail  atout  two  min  for  eaoh  angle.  In  this  case  dlv  it  <»  •qual  pmrU  among  all  tto  aaglea, 
adding  or  snbtmotlng.  as  the  ease  may  to,  nnleaa  It  amounts  to  less  than  a  mln  to  eaoh  angle. ^ban 
It  may  to  entlrelv  disregarded  In  oommoa  farm  surveys.  Tto  oorreotcd  angles  may  then  to  marked 
en  the  plot  tn  Ink,  and  the  pencilled  Agurei  eraeed.  We  will  eappoee  the  ootreoted  ones  to  to  aa 
•howB  la  Fig  8. 

Next,  by  meaas  of  thaaa 
corrected  angles,  correct  tha 
bearlags  also,  thus,  V\%  S  : 
Select  some  side  (the  lengnr 
the  teUer)  from  tto  two  cade 
of  which  the  bearing  and  tha 
reverse  tearlag  agreed ;  thoa 
showing  that  that  beariac 
was  probably  not  laflBeaeed 
by  looal  attiuetioa.  Lotaida 
t  to  the  eae  eo  selected;  aa- 
Bume  its  beariag,  H  TftoST  B. 
as  taken  on  theground,  lo  be 
correot;  through  either  end 
of  it,  as  at  Its  far  end  S,  draw 
tto  short  meridian  line ;  par- 
allel to  which  draw  others 
through  every  eomer.  Now. 
having  the  bearing  of  elde  1, 
M  T50  Si'  B,  and  feqnlrtag 
that  of  side  S,  it  is  plain  thai 
tto  reveree  bearing  from  ear- 
ner t  to  8  T&<>  ST  W  ;  and 
that  therefbre  tto  an^  1.  S. 

aU76°n'.  Thcre|ist*,irwe 
e  ?V>  St-  ttwa  tto  eaUra 
corrsctcd  angle  1. 1,  t,  or  1443 
6T',  tto  rem  ari  »'  win  to 
the  aagtomSS ;  coaseqnaatly 
tto  bearing  of  skloS  nMMt  to 
B  OBO  IS'  K.  For  finding  tto  bearing  of  side  4.  we  now  have  the  angle  »  a  of  the  reveraetoailag  of 
■Me  8,  also  equal  xoWA-.  and  if  we  add  thto  to  the  entire  eorreeted  aagle  884,  or  1088°  ST,  «•  bava 
tto  angle  a  84  =  600  85' +880  88' =  1880 67';  whloh  lakea  flrom  I8OO,  leavee  the  angle  »S4=410  8'; 
consequently  the  touring  of  side  4  mutt  to  8  41o  8'  W.  For  the  bearing  of  side  6  we  now  have  the 
aaglcM «==  410 8',  whloh tatoa  fkom  the  oorreotcd  aagle  84ft,  or  130O 4r,  leavee  tto  angle  e 46  =  T90 
40- ;  ooasequeaUv  the  bearing  of  side  ft  «m*«(  to  N  79°  40'  W.  At  eoraer  ft.  for  tto  beaHbg  af  elde  ^ 
we  tove  the  angle  46  (l  =  790  40'.  whloh  Uken  fhmi  1380  lo*.  leaves  the  ancle  d  ft8=t80M' ;  coae^ 
quently  the  bearing  of  side  •  mmmi  to  8  ASOSO*  W.    And  ec  with  eaoh  of  tto  aides,  aothlag  bat 

to  equal  la  twice  aa  Maaf 


•  Beeaaae  la  even-  cttnlght-liacd 
light  aaglee  ac  tto  Agare  hsa  eldce, 


Bgure  the  cum  af  all  He  laterior 

mlaaei  right  aaglee,  crSfiOo.,  ooal^ 


LAia>  StTBTETZHCk 
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>  M*WvtkeMf«rml  uglM  are  tote  capl«7«dfti«Mli08iMib 

_  *  (!*«■  tar  Chla  piarpoM,  bat  oataa  fkvqarati/  BMd.  ttej  •!«  mob  forMUaa. 

The  piM  MwhaBlrallj  pmmmd  ebiiaies  tka  aeaaHltj  for  raeh  rate,  IsMiBiMh  u  tbe  prlodpi*  of 
ywwtwtiiig  UMnby  bceooiM  aicrdy  a  matter  oCalglit,  ami  landa  creaUy  to  prarcDt  arrar  tram  ulag 
ftaaffMafceariaga;  wkila  tha  prncraouir  wIU  at  oBoa  detact  aajaariooa  ailatakei  as  to  tba  aosla^ 
•ad  U(H  prav«Dt  thdr  betns  earrted  fartter  along.  Attmr  haTtoc  obtalnad  all  tha  oarraetad  beariaga, 
tkOT  Bay  ha  flgnrad  as  tba  plot  Inataad  of  tboM  Ukan  in  tha  Bald.  Tbay  vlll,  howarer,  laqvira  a 
«iU  tanktrcarrm^taa  aftarawhlla,  ainea  tbay  vUl  baaflbetad  bT  tba  adjnaunaat  of  tha  alaalag  anrar. 
Wa  mow  praeaad  to  eahwiVata  tha  doalag  errar  <  6  of  Pig  2,  wbleh  la  dona  on  tba  priaeipla  that  in  a 
mart  aarrev  the  sorthlaga  wiU  ba  aonal  to  tha  aoathlnga.  and  tha  eaadagi  to  tha  waatiaga.  Pra. 
IK  a  tahia  ef  7  eolamBa.  aa  balow,  and  la  tha  flnt  S  eala  plaJM  tba  numbera  of  tha  sldea,  and  tbair  oor. 


■  ;  alao  tbadlata  ar  lengtha  of  tba  aidaa,  aa 
;batirnaC»th«Baa 


larad  en  tha  roogh  plot.  If  anoh  aoafl 
red  en  tha  groaad.    Lai  than  ba  aa  follows : 


Sitk. 

ikNumc. 

DiitFL 

LatitiidM. 

Departures. 

W. 

8. 

B. 

W. 

H  16P40'W 
N750  82'B 
8  Q0O2&'S 
8  410    y  W 
K7*>40'W 

8  fi^ao^w 

1060 
1202 
1110 
860 
802 
70ft 

1015.6 
800J3 

148JB 

800.2 

eii. 
4io;i 

1163.9 
1039.2 

SOL 

658.2 

789. 

666.7 

1459.7 
1450.6 

1460U> 

nioi  ID 
Lat 

2208.1 

2217.9 
2203.1 

9.2 

Xrrork 
Dep. 

14J 

Ham.  bf  Maawe  af  tM  Tabhi  of  Blaaa,  et«.,  find  tha  N.  8,  ■,  W,  of  the  aararal  ildea.  and  plaoa 

^v's-rsrtn^ss^Ts^iP^x^s^  ••""*  ••••"-'-«.  "•■'  »~^ 

awe  N  s  1080  X  04660  =  10U.5;  and  W  a  1000  X  0.9088  a  804.  Pieoaad 
thaa  with  aU.  Add  op  the  fioer  eAk;  find  tha  dlff  batwean  tha  V  aad  8  oola;  and  alM  betwaan 
the  B  aad  "W  oDaa.  In  this  Inataaaa  wa  find  that  tha  5a  are  O.t  faet  greatar  than  tha  Si :  and  thai 
the  Wa  ara  14.8  ft  greater  than  tha  Ka ;  In  other  words,  thara  is  a  aloaing  arror  whiah  woald  eansa  a 
oarraet  protraction  of  oar  first  three  ooli,  to  terminate  O.t  Ibet  too  far  north  of  tha  starting  point ;  and 
14  8  fbai  tec  Ihr  ar««t  at  It.  So  that  by  placing  this  error  npoa  tha  paper  bafora  begin  alng  to  protnai, 
•a  shonld  haTO  a  t«»t  for  the  aeeoraey  of  tbe  protraetlnR  work :  but.  aa  beforo  remarked,  a  lluie  more 
CTMiMa  will  BOW  enable  as  to  diT  tbe  error  proportlonallr  among  all  thaKa.  8a,  Ka,  and  Wa,  and  thereby 
give  aa  datm  fbr  drawing  tbe  plot  eorreotly  at  onoe,  withont  nnng  a  protractor  at  all. 

To  div-lda  the  error*,  prepare  a  table  prealaaly  the  same  aa  tha  fongaing,  exoept  that  the  hor  apaoaa 
sr«  farther  apart:  and  that  tha  addlnga-ttp  eC  the  eld  H,  8,  B»  W  oolamiia  ara  omitted.  ThaadduloM 
here  aociaed  »re  made  snhaeqaenily. 

The  new  laMe  ia  en  the  mzi  pegib 


The  beihrlny  and  the  rcTerse  bearlnir  from  the  two  ends 

of  »  line  win  not  read  preciet* Ij  tbe  same  argle ;  and  the  dlfTereuce  Tarles  with  the 
latitude  and  with  the  length  of  the  line,  bnt  not  In  the  same  proportion  with  either. 
It  la,  howeTer,  generally  too  small  to  be  detected  by  the  needle,  being,  according  'o 
Onmmere,  only  three  qnarters  of  a  minute  in  a  line  one  mile  long  In  lat  40°.  In 
higher  lata  it  ia  more,  and  in  lower  onea  leaa.  It  ia  caused  by  the  iact  that  meridians 
or  north  and  aoath  lines  are  not  tnily  parallel  to  each  other ;  bat  would  if  extended 
meet  at  the  polea. 

Mence  tlie  only  beihrlny  Chat  ean  he  run  In  a  stralcht  line, 

vlih  atolei  aeaaraoy.  Is  a  tree  M  aad  8  one;  oxeept  oo  the  Teryeqnator,  where  alone  a  due  E  and  W 
one  will  also  be  straight.    Bat  a  true  curved  E  and  W  Uaae  may  be  found 

SB  J  a  Tub  II  with  aaflBeiaBt  aoeBraey  liiir  tha  aarrcror's  pnrpoees  thos.  Harlng  first  by  means  of  the  N 
ttarpVim  or  oCharwIaa  get  e  traa  M  aad  8  bearing  at  tha  starting  point,  lay  off  from  It  90^,  for  a  tree 
B  aad  W  bearing  a<  tkatpatmt.  This  K  and  W  baarlag  will  ba  tangent  to  the  true  E  and  W  curve. 
Baa  t^t«  tanwit  earefUly ;  aad  at  IniarTals  (say  at  tha  and  of  eaob  mile)  lay  off  rh>m  it  (towards 
the  K  if  in  iTlat,  or  Tlea  versa)  aa  offint  whoae  length  in  JUt  Is  eoosJ  to  the  proper  one  from  tbe 
foUowiac  table,  mnltiplled  b7  (he  aauara  at  the  dlstaaoa  1b  aitfas  horn  tha  stw^lng  point.  Theea 
ebaia  will  aarfc  points  la  the  craa  K  aad  W  enrve. 


i 
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lAtltade  N  or  A. 

so         800         S60         40O         4fio 


Ollbeta  In  ft  ene  mile  Crom  etarUnv  point. 

.006        .118        a70       .848       .811        .888       .407         .860       .087         .708         .061         1.15         l.tt 

Or,  any  Ollhet  In  It  -  .6866  X  Total  Dist  in  mUes*  X  Nat  Tans  of  Lat 

A  rhnmh  line  lo  any  one  that  croooes  a  a»erldian  obUquely,  that  is,  is 
Balihar4Be»aBd8,BarEea4W.  Diaitized  bv  La OOQlC 


?2 


Digitized  by\jOOgl€ 
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Side. 

Bearing. 

DlstFt 

Latitndes. 

Departoret. 

N. 

S. 

K. 

W. 

1 

Nl0O40'W 
N  760  32'  B 
S  »o26'B 
8  410    8'W 

N79O40'W 

ssBoacrw 

loeo 

1202 

1110 

860 

802 
70S 

1015.5 
1.7 

380.2 
1.8 

1163.9 
3.1 

304.0 
0.7 

2 

1013.8... 

800^ 
1.9 

...   801.3 

8 

296Uk 

143.9 
1.8 

...  1167.0 

1039.2 
2.0 

4 

392   ... 

641.0 
1J> 

...1042.1 

558^ 
2.2 

6 

642^... 

419J 
1.1 

...    65(li> 

780.0 
2.1 

6 

142.6... 

...   786.9 

666.7 
1.8 

420.4... 

664.9 

672B 
Sum  of 
Sides. 

1454.8 
Oor'dNi. 

1464.7 
Gor'd  Ss. 

2209.1 
Gor'd  Bi. 

2209.1 
Gor'd  We. 

Xow  we  haT»  ftlremdj  {bond  br  the  old  table  that  the  V»  and  the  Ws  are  too  loDf ;  eanaaqnentlj 
Aey  moat  be  ahertened ;  while  the  8a,  and  Ea,  moat  be  lengthened ;  all  In  the  feUowug  propoitlwuf 


Sam  of  all    ,    Anj^ven    ••    Total  error 
aide        •  *     lat  or  dap 
t  vtth  the  lat  of  aide  1,  we  hare,  aa 
Bnm  of  all  the  ildae.    .    Bide  I.    .  .    Total  lat  err. 
67»  •      1060      •  *  9.S 


clOU.8,  M 


An  the  _ 

Brr  oriat,  or  dep, 
of  glren  aide. 
Thn%e 

Lat  err  of  aide  L 
l.T 
Ifow  aa  the  lat  of  aide  1  la  north,  it  mnat  be  abortened  { benoa  it  beoomea = 1015.5— l.Tc 
inzed  oat  in  the  new  uble.    Again  we  hare  for  the  departure  of  aide  1, 

SunorallthealdM.    .    Sldel.    ..    Total  dep  err.    .    Dep  err  of  aide  1. 
5729  •       1000      •  •  li.8  •  2.7 

Now  aa  the  dep  of  aide  1  la  weat,it  moat  be  ahortaned;  henoe  U  beoomea  304—2.7=801.3.  ae  ficwed 
It  In  the  new  UUe. 

NProeeedlnc  thua  with  eaiOh 
aide,  we  obtain  all  the  correeied 
A  lata  and  depa  aa  ahown  In  the 

^  9  new  table :  where  they  are  eon- 

^  neoted  with  thdr   reape^re 

aidea  by  dotted  Unea;  bot  In 
preetlee  it  ia  better  to  oroea  om 
the  original  onea  when  the  eal> 
eolation  ia  flnlahed  and  proved, 
ir  we  now  add  nptbe  4  eola  af 
oorraeted  If,  8,  K,  w,we  find  thai 
theNa=:the8a:  and  the  Bar= 
the  Ws;  thns  praTlng  that  the 
work  ia  right.  There  ia,  it  ia 
trae.  a  diaerepaafliy  or  .1  of  a  A 
between  the  Na.  and  the  8a ;  bat 
thla  ia  owing  to  onr  eariTing 
out  the  oorMotlona  to  only  one 
deeimal  plaoe :  and  ia  too  amaU 
to  be  regarded.  DiaerepaneleB 
of  3  or  4  eentha  of  a  foot  win 
aemetimea  eoenr  tnm  Ifcia 
eaeae;  bat  may  be  negleetad. 
The  ooiitcted  lata  and  deea 
evidently  ehange  the 
J  and  dialanee  ef  eeety 
by  meana  ef  the  earraetei 


ImMXD  BUSYSTISa. 


V  0,  n^  4:  ud  apoa  H  flx'ea  »  MiBk  1, 

TlM  ftvm  the  polaft  1,  priek  off  by  ■aate,  Mribvard, 
or  dd«  1.  «alm  fraoi  ths  laM  tobte;  frna  1*  waUiward  pHok  off  th«  dlat  f.  r,  iIm  eomoMd  Moik' 
B  flf  aid*  8;  fktn y  MBthwvd  priek  off  y.  V,-«o«ibtag  MSJ  of  tkto  4;  fram  tf^Borlliwart 


aoriMr  of  th«  ntrray. 
«1M  I,  y^ite  oMToeud  Borthlag  90.4 


Iko iTliontMl  Btthed  of  trlMclM;  Um  bearlaco,  by  the  protnMtor ;  and  tbe  Imcibi  of  the  ildoa, 
tfOmtemtei  all  «1tb  •&  approziiBatlAB  nOMeat for  erdinarr  pnrpeaao;  ud  pertiapo  qaile  u  eleee 
«  fey  tha  ■■thBd  bj  oelciileilon.  wbea,  at  to  cnrtowarj,  tlM  baariofli  arc  Ukan  obIj  to  tba  Beanat 

«»Mr«r«dasraa^  WHaia  «l»aa4y  wJd  tbalwlth  aaealaef  lbetparladi=^^^^^^'*°'*^  °^'"'* 

the  error  or  area  Docd  not  emcod  the  rirtb  pan. 

Bat  If  U  ia  raqtttred  to  nakwiata  tba  area  of  tba  o 
M  deao  OB   tba   fsllowliag 
prtactela.  (oaa  Pic  ft.)    If  a    m 
meridian  Uaa  X  8  be  aop-    Fl 
Moad  to  ba  drawa  tbroa^ 
rlof 

ailed 
je)dravB(aa 

J  la  tbeyig) 

■  risbt  aaslaa  lo  eald  ne- 
ddiu,  tnm  tba  eealor  of 
»tk  idda  of  tba  aurrav; 
'.baa  If  eaob  of  tba  mlddla 
Brta  «r  aaah  aidaa  aa  haia 
•arthlage,  ba  KuU  bj  tba 
■naoMd  aartbiac  af  Ua  ear- 
nopoadlaf  alda:  aadifaaab 
jT  theBJddla  dlau  of  — '^ 


a  of   te    oorranMBdlnf 
ilfvaaddalltbaaartb 
Iflodalalaoaaaam}  aadall 


potoil;)  1 


kL    Tblal 

jflf  H  tbaof  aad  aC  omma  with  creacar  i 

;  and  la  tba  flrat  ibrca  oolaouu  plaoo  the  nuoibera  of  tba  eldae  (otartiag  with  aide  S  firom 

~  Ibalr  nepeotlra  oorraetad  Borttalnco  and  oouthinci-    The  formatloD  of  the  4tb  and  5th 

I  of  tba  M  and  4tb  oaaa,  azptalna  itadf.    Ita  aoeanQj  ia  prored  by  tba  flaal  raoolt 


BIda. 

V.lat. 

■.lai. 

DIatHorSC 

NnPoinll. 

8. 

fl 
t 
4 

i 

101S.8 

MSJ 

4».4 

M.4 

ioo.o 

«4 
•004) 

( 


SAatallar  feaUa  abooldba  pnpared  baforabaad  Itar  tba  diata  of  tbapotata  I,  t.  4,  fta,  aaat  flron  *• 
■MritteaHaa.  14  la  daaa  to  tba  aaaM  aaanar,  bvt  reqvlraa  aae  oollaaa,  aa  all  tba  diata  are  «•  tbt 
■vaalteorihawrllaa.  Thaa^aurttof  fr«npelatl«  vitt  ridat: 


Sida. 

l.dap. 

ir.dap. 

Dlataaatftroa 
maridUattaa. 

» 

lldTJ) 
IMLl 

M4J 

llffr.O 
UU.1 

twpawai 


dbyLjOogle 


mi) 


LAND  BURYETING. 


or  the  rarft^y.*  Th»  eorfoted  northtngi  and  ■oathtngi  w  h>f»  ■Ir— dy  twad ;  m  •lao  th<  — >rimi 
and  irectiag*.  The  middle  dlats  are  found  bj  mcaoi  of  the  latter,  bj  emplojinf  their  Aolvet :  addia« 
hair  eaitinn,  and  subtraotlnc  half  weaanga.  Thoa  It  la  erldent  that  the  middle  diat  T  of  aide  3,  la 
equal  to  half  the  eaating  of  side  1.  To  thia  add  the  other  half  eaatinc  of  aide  2.  and  a  half  eaatlng 
of  Bide  S;  and  the  sum  Is  plainly  equal  to  the  middle  dlat  8'  of  aide  S.  To  thia  add  the  other  half 
easting  of  aide  3.  and  aubtract  a  half  weating  of  aide  4,  for  the  middle  dUt  i'  of  aide  A.  From  thit 
subtract  the  other  half  westing  of  aide  4,  and  a  half  weating  of  aide  6,  Cor  the  middle  dlat  6'  of  aidt 
6;  and  so  on.    The  aotnal  oatoulation  may  be  made  thoa; 


Half  easting  of  side  1  = 


^  a=   583.5  ■  =  mid  diat  of  side  t. 
*  6S3.5  B 


10411 

1187.0  B 

BalfeaaangofaldeSs 

t 

=    521.0  B 

1688.0  B  = 

mid  diat  Of  tides. 

521.0  B 

556 

2209.0  B 

Htff  weaUngof  8ide4  = 

=    278A)W 

1981.0  E  = 

mid  dUt  of  side  4. 

278,0  W 

788.» 

1653.0  B 

Balf  wwtlngoralde5  = 

S 

=     888.5  W 

1250.5  E  = 

mid  dial  oC  tide  0. 

883.5  W 

Half  weating  of  aide  6  : 


564,9  _ 
1 


866.0  B 
282.4  W 


583.6  B  =  mid  diet  ar  tide  ft. 
282.4  W 


) 


801.8       801.2  B 
Half  creating  of  aide  1  = =    150.6  W 

T50.6BS mid  dialer  aide  1. 

The  werk  always  proTos  Itself  by  the  last  two  rsanlU  being  equal. 

Next  make  a  table  like  the  following,  In  the  first  4  ools  of  whloh  plaoe  the  numbers  of  Um  aldaa, 
the  middle  disu,  the  nortbinga.  and  aouthings.  Mult  eaoh  middle  dlst  by  lu  oorrespondlng  northing 
or  southing,  and  plaoe  the  produou  in  their  proper  ool.   Add  up  eaohool ;  sabtraot  the  least  tnm  the 


Side. 


Middle  diat. 


150.6 
683.5 

1688 

1931 

1259.5 
583.6 


Northing. 


1013.8 
298.4 


142.6 


Southing. 


892 
642.3 


420.4 


North  prod. 


152678 
174116 


179605 


506399 


South  prod. 


661696 
1240281 


245345 


2147322 


48560)1640923(37.67  Actm. 


•  P^vnf,  Tfi  ilJntiratc  the^  hriMltjIf  u]^d  whlah  thi* 
rule  li  ttmtK-i,  let  e*.  *  e.  ud  ea,  fig  t,.  riffWMBt  in 
order  lb*  3  Hililai  of  the  trlAogular  i^of  a  tant^s.wiih 
a  m•^rldl»a  LlIl<^  ^/dnvii  t%tviigb  thM  exLmm*  weetMf  ■ 
ner,  ik  l^^-t  Huvthd  and  fj  tie  ijf*i*n  (tvm  encb  mtnvt, 
p«rp  txt  U)^-  luerlliui  ILa« ;  aJdm  ttmtn  tbx  mliMlA  of  oAcb 
side  Atm*  Hdk*  w a,  mn,  to,  abo  ^r^^ t*y  tiMrMiui ;  acul 
reprseemilciK  lli*  olld^l*  dlaca  af  1^  vi-j^i.  t beia  tltkm 
the  ild««  «r«  re«»i:4td  ta  ifae  ordrr  d  &,  5ia,  e*^  It  li 
plalB  that  a  4  r^preseala  tit*  BorltilQf  k>r  thi  aide  d  5; 
fa  tkfi  n<»riblEi^  of  f4E  and  4/  iba  t*ivihiaw  of  Be*. 
Now  tr  wi  mutt  tlvQ  nartMttg  ai  nf  Ibe  dltlv  m\,  b>  itt 
mid  A\*%  •ii>  vh9'  pnKi  la  lb?  bmtqf  tb«  Tnai)«k  ditl. 
In  1U«  mi.ivio'^f  ibe  mwthina/O'  i>r  \ht  ^\^U  tA.  muK  bj^ 
iU  mM  dl-i  *  &.  ri»^*ib>  arm  Esf  Lfan  irfRlitfW  d  tt.  Ag«lU, 
tbeatfuckfhtf^  a/i^f  tba  «ltia  htK  ebdIi  hj  \i.»  m^AUx  mm, 
gtrei  lb*  »ni  of  Lbe  entlTa  Mg  dl  k  e/d.  ir  ti^m  iblf 
arva  m%  aubtrafil  the  khs  ^  the  Iwn  irkaogl'ti  « &  iJ, 
Md  mnf,  ib«  ma  U  ei1d«allr  ihe  araa  nr&ha  plioi«t»a 
00  wlib  uy  ether  plot,  h«wsf«r  •ernp"""^ 


:f^%ft00gl(^ 


lAlTD  8DBTETINO. 


281 


mMHL    neraBwintetteara»«rtko>aiT«jlnaqrt:wbJah,dlTbj4SSM,(th«BiiBb«rof  Mft 
KwacnjvUllMtlMarMiaaarM;  InthUlnatuM.  S7.e7me. 

Umamtmmatam  aaly  to  — lenliio tkm eorraetad  baariacs  and  Icnctha of  the  aldai  of  tb«  nrvtr,  all 
af  »MA  wacaiMHj  aliaagrd  by  tlw  adapti—  of  Uw  oorraeMd  lata  and  dapa.  TellndUiati 
af  a^r  iMow dlT  lu  depwtiired  or  W)  by  iM  IM  (K  or  8) ;  la  tho  uUaof  ami  Uof,  OudUit 


»  boarlDg 
1  ibc  quot : 

Bfttetb«r«|daaKioarbaariBg.    Tkoa,  Hmt  tbo  ooarao  of  aUo  1,  «o  bavo  .^^^ 

j;  oppoalte  wUeh  la  the  tableU  tba  raqd  anglo,  MP  IT;  the  bearinc,  theroforo,  la 

MWVW. 

Acala:  ftr  Che  dM  or  taofCh  of  a 
tfeaaagle  of  the  correcied  baariag; 
ftr  iha  diet  of  aide  1,  we  Had  oppeaite  1 

Let.       Coa. 
101S.8  +  MMwm  10(7.6  the  reqd  dliL 
lie  failofviac  tahle  eootolaa  M  the  earraodoDs  of  the  ftncolnff  aarr^ ;  eonaaqiMBtly,  If  the  beer. 


r  aaj  aide.  f^f«B  the  table  of  net  eoalnee  toke  the  eoa  oppeaite  to 
(-.divide  theeorraetedtait(NorS)or  theaideby  theeoa.  Tana 
■lteiePSS'.tbeeoe.«eft.    And 


Side. 

Bearing. 

DisLFt. 

N  looay  W 

N  7«o  SB'  B 
881^23'  E 
S40O6y  \V 
N  -itP  44'  W 
9  63°  21'  W 

1067.0 
12M.0 

iiiaa 

U0.6 
f00.1 
704.3 

pi  sad  diau  are  eerreetlj  ploctad.  they  will  eloaa  perfbeUy.  The  yovag  eaalataBt 
Kilaedeiaf  thia,  aa  well  aa  dtvidloc  the  plot  Into  triancla*,  and  eonpnang  the  eon* 
laaer  he  wfU  eooa  teem  wheidagiea  of  eare  ia  neaoMairy  to  Inaura  aooarmte  reaolta. 


Vneilae 

'       '"-  irheidagiee 

Tae  CoHowlac   Mats  mwy  onea  oa  off  aerrtea. 
Ul  Avoid  taklas  bcitfin<s  and 
diala  alaac  a  <rii«nllona  bonad*  4 

avy  ttaettfeaah  e.  Fis  7 ;  batrna  • 

the  BCraSchc  Uae  a  c;  aad  at 
tSghft  aaglea  to  It.  aieaaare  off- 
Mta  to  the  erookod  Hoe.  lid. 
wlabiBc  *^  aarrey  a  atnJcht 
llae  tnm.  a  to  c.  bat  brtos  una* 


laadTlaadti 
lent.    Xathle 


^....4. 


pferiaely  toward  c,  oa  1 
of  tafaaWaitn^  veoda,  « 
ahaiadoa;  flnt  nin  a  trial  llae, 
aa  «  ot.  aa  aearty  la  the  proper 
dfreotloa  aa  can  be  goeaaed  at. 
Meomxa  m  %  and  aoy.  aaamlatome^aolalMfttot  Ley  off  a  e  eqnel  to  100  ft.  and  e  •  eqnel 
to  T ;  aad  raa  the  flnal  Hne  ate.  Or.  If  m  c  ia  quite  anwil,  enleulaie  offiwta  like  o  «  Ibr  every  100  ft 
akna  «  aa.  aad  thaa  areld  Use  neoeaaiiy  for  ntonlag  a  acoond  Una.  Sd.  When  e  la  risible  from  a,  bat 
the  teaarvcaliig  groand  dllBenlt  to  meaaaie  aloog,  on  aoeouot  of  marahoa,  to.  extend  the  aide  p  a 
a»  gaod  grooad  at  t:  then,  meking  the  angle  y  (  d  eqoal  to  y  a  e,  ran  the  line  I  a  to  that  point  tf  at 
vUeh  the  angle  w  4  e  la  foaod  by  trial  to  be  aqoal  to  the  angle  •td.  It  will  rarely  be  neeeaaary  to 
■ahe  nwie  tbaa  one  trial  for  tbia  point  d ;  for,  snppove  It  to  be  made  at  a.  aee  wbere  It  atrikea  a  e  at 
I;  iBiieaen  I  c  aad  eeatfnna  trom  a,  maklag  a  d  =<  e.  4th.  In  oaaa  of  a  very  Irregnlar  pleoa  of 
lead,  or  a  lake.  Pig  «.  annronnd  it  by  atralght  linea.  BnTTar  theae.  aad  at  right  aaglaa  to  thea^ 
-  ,-_  ..  .^_^  crooked  boundary. 


( 


Stk.  FUr  t  Sorveyliur »  atratflrbt  line  from  « toward  w,  an  obataelo,  0,  u  met.    To 

It.  lay  off  a  riisHt  anrle  w  (  a;  meaanre  any  < « ;  make  ( u  *  »  M^ ;  meaiinre  u  v ;  n 

■  oi  »  MP;  mak«*<  »  'a;  makeo<y  -  9tP.  Tbeniaii  »  av;  and  <  y  is  in  the  stralgrht 
liBfe.  Or,  with  Ian  tronble.  at  t  maka  (  y  a  »  eo" ;  measure  any  g  a ;  make  9*i*  ^  VlP\ 
aad  a  «  »  f\  make  ••i  ^  OOf .    Then  lag* 


nyyo 


y  a  or  «  « ;  and  i  «.  oontinurd  toward  y, 


te  in  tbo  stralgltfe  line.  6t]i.  Fie  lOi  Beingr  between  two  objects,  m  and  n.  and  wishing 
to  place  myself  fai  rmaire  with  tfieon.  I  lay  a  strairbt  rod  e  ft  on  the  ground,  and  point  it 
to  one  of  we  objeets  »:  then  gotnir  to  the  end  e.  I  And  that  it  does  not  point  to  the 
other  object,  a.  By  snooesalTe  trlato,  I  find  the  position  «  d  in  which  it  points  to  both 
objaets,  aad  eonseqasntly  is  in  nunge  with  them.  '- 


dby\j00gle 


> 


282  GHAIKINO. 

CHAIHOrCI. 

Cliaiiis.  Engineers  have  abandoned  the  Gunter's  chain  of  66  It,  divided 
Into  100  links  of  7.92  ius  each.  They  now  use  a  chain  of  100  ft.  with  100  Unka 
of  1  (t  each,  and  calculate  areas  in  sq  ft,  the  number  of  which,  divided  bj 
43,560,  reduces  to  acres  and  decimals,  instead  of  to  acres,  roods*  and  perchfoa. 
6unter*s  chain  is  used  on  U.  S.  Government  land  surveys. 

Chains  are  commonly  made  of  Iron  or  sted  wire.  Each  link  is  bent  at  each 
of  its  ends,  to  form  an  eye,  by  which  it  is  connected  with  the  adjacent  links, 
either  directly,  as  in  the  Grumman  patent  chain,  or,  more  commonly,  by  f^nom 
1  to  8  small  wire  links.  The  wear  of  tnese  links  is  a  fruitful  source  of  inaccuracy, 
inasmuch  as  even  a  very  slight  wear  of  each  link  considerably  increases  the 
length  of  the  chain.  Hence,  chains  should  be  compared  with  some  standard, 
sucfn  as  a  target  rod,  every  few  days  while  in  use;  For  transportation,  the 
lengths  are  folded  on  each  other,  making  a  compact  and  sheaf-like  bundle. 

Tapes.  With  improved  facilities  for  the  manufacture  of  steel  tape,  the  chain 
is  going  out  of  use.  The  tape,  being  much  lighter,  requires  much  less  pull,  and, 
as  there  are  no  links  to  wear,  its  length  is  much  more  nearly  constant  than  thai 
of  the  chain.  It  is  r^lacmg,  to  some  extent,  the  baae-measnring  rod  for 
accurate  geodetic  work.'  Steel  tapes  are  made  in  continuous  lensths  up  to  000, 
600,  and  even  1000  ft,  but  those  of  100  ft  are  the  most  commonly  used.  "Verf 
long  tapes  are  liable  to  breaka^  in  handling.  Even  the  shorter  lengths,  unlesa 
handled  carefully,  are  apt  to  kink  and  break.  Breaks  are  diffloult  to  mend,  and 
the  repaired  Joint  is  selaom  satisfactory ;  whereas  a  kink  in  a  wire  chain  seldom 
involves  more  than  a  temporary  change  of  leneth.  Being  run  over  by  a  car  or 
wagon  will  often  kink  steel  tapes  veir  badly,  if  it  does  not  break  them.*  How- 
ever, the  lightness,  neatness,  and  reliability  of  the  tape  ofbet  these  disadvan- 
tages, which,  indeed,  the  surveyor  soon  learns  to  overcome. 

Tapes  for  general  field  work  are  usually  narrow  (from  0.10  to  0.25  In)  and 
thick  (from  0.018  to  0.025  in),t  and  are  graduated  by  means  of  small  orase 
and  copper  rivets,  spaced,  in  general,  5  ft  *psrt,  1  ft  apart  in  the  10  ft  at  each 
end,  ana  0.1  ft  apart  in  the  ft  at  each  end.    They  are  usually  mounted  on  reels. 

Tapes  for  city  work  are  wider  (from  0.25  to  0.5  in)  and  thinner  (from  0.007  to 
0.010  in)  t  and  are  graduated  (usaally  to  aoi  ft)  throughout  their  length  by 
means  of  lines  and  numerals  etched  on  the  steel. 

PlDS  are  ordinarily  of  wire,  pointed  at  the  lower  end,  and  bent  to  a  ring  at 
the  upper  end.  They  can  be  forced  into  almost  any  nouod  that  is  not  exceed- 
ingly stony.  A  steel  ring,  like  a  large  key  ring,  is  often  used  for  carrying  the 
pins.  Each  pin  should  have  a  strip  of  bright  red  flannel  tied  to  its  top,  in  order 
that  it  may  be  readily  found,  among  the  grass,  etc.,  by  the  rear  chalnman. 

€orreetloiui  I6r  Saar  and  Stretcb.  The  following  diagram t  (seep. 
888)    gives  the  oorrectioii  lOr  a  steel  tape  weighing  0.76  &>  per  100  fuf 

*The  Nichols  Engineering  &  Contracting  Co.,  Chicago,  gnarantees  that  Ita 
.pes  will  not  be  injured  by  being  run  over  by  wagons. 

fTbe  sixes  of  tapes,  as  made  ny  different  manufacturers,  vary  greatly.    In 
iplying  the  corrections,  therefore,  the  width  and  thicknesa  of  the  tape  to  be 
sed  should  be  carefully  measured,  and  its  weight  per  a  computed. 
X  Deduced  from  diagrams  constructed  by  Mr.  J.  O.  Clarke,  Proceedings  Engi- 
Mrs'  Club  of  Philadelphia,  April,  1901,  YoL  XVIII,  No.  2.  from  the  formula: 

pa 

Stretch,  in  foet «  ^ 

where 

P  «>  pull  on  tape,  in  lbs. 
S  =  span  of  tape,  in  feet. 

E  =  modulus  of  elasticity  for  steel  =  27,600,000  lbs  per  sq  in. 
A  =  area  of  cross-section  of  tape  weighing  0.76  lb  per  100  ft. 
=  0.0022  square  ins, 
and  from  the  equation  of  the  parabola,  according  to  which 

W*  & 
shortening  by  sag.  In  feet «»       -^ 

where  W  •■  weight  of  tape,  in  pounds  per  foot. 

Except  for  very  light  pulls,  this  last  formula  gives  practically  the  same  reenlti 
as  the  equation  of  the  catenary,  which  is  absolutely  correct,  but  much  i 
cumbersome. 
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O  3  lO  IS  20  9J  30 

JPmII  in  £»«.  on  9ic0l  Tape  Weighing  0.7S  Lb,  per  lOO  Wi. 


The  dfagrmm  shows  that  a  spaa  of  100  ft  of  tape  weighing  0.75  t>  per  100  ft, 
requires  a  puU  of  11.2  ftw  to  reduce  the  correction  to  zero ;  a  span  of  60  ft,  7.8  lbs, 
etc  At  these  tensions  (which  are  called  normal  pulls),  the  opposite  effects  of 
Kg  and  of  stretch  are  equal.  At  higher  tensions,  too  lengthening  due  to  stretch 
exceeds  the  shortening  due  to  sag,  and  riee  rersa. 


T»MS  of  other  welvtata  require  pulls  proportional  to  their  weights  or 
lo  thdr  areas  of  cross  section.    Thus,  a  tape,  of  any  length,  weighing  1  Ih 


per  100  ft,  would  require,  for  any  giren  correction,  a  pull  of  x  a*  -=^  y  » 1^  y, 

where  y  »  the  pull  for  the  same  correction  on  the  standard  tape,  weighing  0.75 
»  per  100  ft. 

CooTerselr ;  glTen  a  pall  of  10  lbs  on  a  50  ft  span  of  a  tape  weighing  0.6  lb  per 
100  ft ;  required  the  correction.    To  produce  the  same  error  in  the  tape  weighing 

a75  lb  per  100  ft  would  require  a  pull  of  y  =  10  X  ^  =  12.5  lbs.    Referring  to 

the  diagram  at  12.5  lbs  on  the  curre  for  a  50  ft  span,  we  find  correction  «*  ->0.16. 
This  is  the  proper  correction  for  either  the  heayier  tape  with  12.5  Bm  or  for  the 
ligliter  Upe  yith  10  lbs  puIL 

Corrections  for  temperotnre.  Tapes  are  usually  graduated  so  as  to 
be  of  standard  length  at  67' Fahr.  For  ordinary  steel  tape,  the  correction  for 
temperature  is  about  0.0000065  ft  per  ft  per  degree  Fahr. 

Corrections  for  temperature  are  uncertain,  since  the  temperature  of  the  tape 
cannot  be  determined  with  any  accuracy.  Measurements  requiring  great 
accuracy  should  therefore  be  made  in  cloudy  weather,  or  at  night,  and  the  Upe 
and  the  thermometer  should  be  kept  off  the  ground. 

When  measuring  over  slODtn^  ir>^and.  In  ordinary  work,  the  chain  or 
tape  should  be  held  as  nearly  horizontal  as  possible,  transferring  the  position  of 
the  raised  end  to  the  ground  by  means  of  a  plumb  line.  Where  the  ground  is 
steep,  It  becomes  necessary  to  use  a  short  length  of  tape,  as  the  down-hul  chain- 
maij  ooold  not  otherwise  hold  his  end  high  enough ;  or  the  tape  may  be  held 
parallel  with  the  slope,  and  the  distance  corrected  by  the  following  formulas : 

|-eoaA;   H-8.cosA;   8-^^-H.secA; 

R 

H 
R 

0 


—  tan  A;    R»H.  tanA; 
«-ainA;    R  — ailnA. 
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LOCATION  OF  THE  MERIDIAN. 


1.0CATI0H  OF  THE  MERIDIAN. 
By  means  of  eircampolar  iitam. 

(1)  Seen  from  a  point  O  (Figs.  1  and  2)  on  the  earth,  a  circumpolar  star  6 
(star  near  the  pole  P)  appears  to  describe  daily*  and  counterclockwise  a 
small  circle,  euwly  about  the  pole.  The  angle  P  O  «,  P  O  u,  etc.,  subtended 
by  the  radius  P  «,  P  u,  etc.,  of  this  circle,  or  the  apparent  distance  of  the 
star  ftrom  the  pole,  is  called  its  polar  dlstanee.  The  polar  distances  of 
stars  vary  slightly  from  year  to  year.  Bee  Table  3.  They  vary  slightly  also 
during  each  year.  In  the  case  of  Polaris  this  latter  variation  amounts  to 
about  50  seconds  of  arc. 

(2)  The  altitude  of  the  pole  is  the  angle  N  0  P  of  the  pole's  elevation 
above  the  horizon  N  £  S  W,  and  is  —  the  latitude  of  the  point  of  obeer- 


> 


Fig.  2. 


vation.  Declination  =  angular  distance  north  or  south  firom  the  celestial 
equator.  Thus,  declination  of  pole  =  90°.  Declination  of  any  star  =  90^— its 
polar  distance. 

(S)  Let  ZeHbeanarcofa  vertical  circlet  passing  through  a  circumpolar 
star,  e,  and  let  H  be  the  point  where  this  arc  meets  the  horiyn  N  E  8  W. 
Then  the  angle  N  Z  H  at  the  zenith  Z,  or  N  O  H  at  the  point  O  of  observa- 
tion, between  the  plane  N  Z  O  of  the  meridian  and  the  plane  H  Z  O  of  the 

tar's  vertical  circle  (or  the  arc  N  H),  is  called  the  aslnintl&t  of  the  star. 

r  this  angle  N  O  H  be  laid  off  from  O  H,  on  the  ground,  the  line  O  N  will  be 

1  the  plane  of  the  meridian  N  Z  S,  or  will  be  a  north-and-soutb 

Ine.l 

(4)  When  a  star  is  on  the  meridian  Z  N  of  the  observer,  above  or  below 
hhe  pole  P,  as  at  u  or  I.  it  is  said  to  be  at  its  upper  or  lower  enlmlna- 
tlon,  respectively.  Its  azimuth  is  then  =  0,  the  line  0  H  coinciding  with 
the  meridian  line  0  N. 

(5)  When  the  star  has  reached  its  greatest  distance  east  or  west  from  the 

?ole,  as  at  e  or  w,  it  is  said  to  be  at  its  eastern  or  western  elonya- 
lon^ 

*  In  23  h.  56.1  m. 

t  A  mat  circle  is  that  section  of  the  surfkce  of  a  sphere  which  Is  formed 
by  a  plane  passing  through  the  center  of  the  sphere.  A  vertical  circle  is  a 
great  circle  passing  through  the  zenith  Z. 

X  Astronomers  usually  reckon  azimuth  from  the  south  point  around 
through  the  west,  north,  and  east  points,  to  south  again ;  but  for  our  pur- 
pose It  is  evidently  much  more  convenient  to  reckon  it  from  the  north 
point,  and  either  to  the  east  or  to  the  west,  as  the  case  may  be. 

1  The  point  N,  on  the  horizon,  is  called  the  nortb  point,  and  must  not 
be  confounded  with  the  north  pole  P. 

2  As  seen  frx>m  the  equator,  a  star,  at  either  elongation,  is,  like  the  pole 
itself,  on  the  horizon;  and  the  two  lines  P«,  P10,  Joining  it  with  the  pole, 
form  a  single  straight  line  perpendicular  to  the  meridian,  apd  lying  in  the 
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(6)  The  liovr  tkwkgl^  of  any  star,  at  any  given  moment,  is  the  time 
vhieli  has  elapsed  since  it  was  in  upper  culmination.* 

(7)  Evidently  the  azimuth  of  a  star  is  continually  changing.  In  cir- 
eompolAr  stars  it  varies  from  QP  to  maximum  (at  elongation)  and  back  to 
F  twice  daily,  as  thei  star  appears  to  revolve  about  the  pole ;  but  when  the 
Rar  is  near  either  elongation  the  change  in  azimuth  taKes  place  so  slowly 
that,  for  some  minutes,  it  is  scarcely  perceptible,  the  star  appearing  to 
travel  vertically. 

(8)  For  any  star,  whose  declination  («  9CP  —  its  polar  distance)  exceeds 
the  latltade  of  the  point  of  observation,  we  have  :  f 

Sine  of  azimuth  of  star  \^ sine  of  polar  distance  of  star 

at  elongation  j     cosine  oMatitude  of  point  of  observation 

or  see  (11)  and  Table  3.     When  lat  >  ded,  sine  as  >  1.    Hence  this  for^ 
mula  does  not  then  apply. 

(•)   The  following  circumpolar  stars  are  of  service  in  connection  with 
observations  for  determining  the  meridian.   See  Fig.  3. 
Constellation  Letter 


Ursa  minor  (Little  bear) 
Ursa  m^or  (Great  bear] 


(alpha) 
(epsilon) 


Called 

Polaris 

Alioth 

Mizar 

I>elta| 


{ 


(10)  Polaria,  or  the  nortb  star,  is  fortunately  placed  for  the  determi- 
nation of  the  meridian,  its  polar  distance  being  only  about  1%°.  See  Table 
3.  Fig.  3  shows  the  circumpolar  stars  as  they  appear  about  midnight  in 
Jalv;  inverted,  as  in  January:  with  the  left  side  uppermost,  as  in  April: 
ioa,  with  the  right  side  uppermost,  as  in  October.  | 

horizon.  The  azimuth  of  the  star  is  then  =  its  polar  distance.  But  in 
other  latitudes  Pe  and  Pw  form  acute  angles  with  the  meridian,  as  shown, 
and  these  angles  decrease,  and  the  azimuth  of  the  star  at  elongation  in* 
creases,  as  the  latitude  increases. 

•  In  lat.  40*>  N.,  the  hour  angle,  ZPe  =  ZPw,  of  Polaris,  at  elongation,  is 
~  5  b.  55  m.  of  solar  time.    Cantlon.    It  will  be  noticed  that,  except  for 
an  observer  at  the  equator,  the  elongations  do  not  occur  at  90°  i^om  the 
meridian, 
t  In  the  spherical  triangle  Z  P  «,  we  have : 

sin  g  Z  P  ^  sinPg 
sin  Z  €  P  **  sin  P  Z 
But,  since  ZfP«9()o,8lnZcP  =  L    Also,  sin  P  Z  =«  cos  (90°  —  P  Z),  and 
e  Z  P  "s  azimuth  of  e. 

_  ,        .      ^,      -         sin  Pg       sin  polar  distance  P  0  e 

Hence,  sin  azimuth  of  e  ^  ^^-^ "^ cos  latitude 

t  B  Cassiopeia  is  here  called  Delta,  for  brevity. 

I  Pilaris  Is  etislly  found  by  means  of  the  two  well-known  stars 
eaUed  the  ^  poistem"  in  "  the  dipper,"  Fig.  3.  which  forms  the  binder 
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(11)  Table  8  giyei  the  polar  distances  of  Polaris  and  their  log  sines  for 
January  1  in  each  third  year  from  1900  to  1S60  inclusive,  the  log  oosinea 
of  each  fifth  degree  of  latitude  from  209  to  6(f>,  and  the  corresponding 
azimuths  of  Polaris  at  elongation.  Intermediate  values  may  be  taken  by 
interpolation.* 

(Id)  Bjr  observation  of  Polaris  at  elonmtlon.  This  method 
has  the  convenience,  that  at  and  near  elongation  the  star  appears  to  travel 
vertically  for  some  minutes,  its  azimuth,  during  that  time,  remaininsr 
practically  constant :  but  during  certain  parts  of  the  year  (see  Table  1).  the 
elongations  of  Polaris  take  place  in  daylight ;  so  that  this  method  cannot 
then  be  used,  t  Bee  (18),  (19),  (22).  Nor  can  it  be  used  at  anv  time  in  places 
south  of  about  4°  N.  lat.,  because  there  Polaris  is  not  visible. 

(13)  The  approximate  times  of  elongation  of  Polaris  for  cerUin  dates, 
in  1916,  are  g^ven  in  Table  1,  with  instructions  for  finding  the  times  for 
other  dates.    Or,  watch  Polaris  in  connection  with  any  of  those  stars  which 

.re  nearly  in  line  with  it  and  the  pole,  as  Delta,  Misar,  and  Alioth.  Bee 
Jig.  3.  The  time  of  elongation  is  approximated,  with  sufficient  closeness 
for  the  determination  of  the  azimuth,  by  the  cessation  of  apparent  hori> 
zontal  motion  during  the  observation. 

(14)  From  fifteen  to  thirty  minutes  before  the  time  of  elongation,  have 
the  transit,  see  (21).  set  up  and  carefhlly  centered  over  a  stake  previously 
driven  and  marked  with  a  center  point.  The  transit  must  be  in  adjust- 
ment, especially  in  regard  to  the  second  adjustment,  p.  294,  or  that  of  the 
horizonul  axis,  by  which  the  line  of  coUimation  is  made  to  describe  a  ver- 
tical plane  when  the  transit  is  leveled  and  the  telescope  is  swung  npward 
or  downward. 

(15)  Means  must  be  provided  for  illuminating  the  cross-hairs  of  the  tran- 
sit.  X  This  may  be  done  by  means  of  a  bull's 
eye,  or  a  dark  lantern,  so  held  as  not  to  throw 
its  light  into  the  eye  of  the  observer ;  or,  better, 
by  means  of  a  piece  of  tin  plate,  cut  and  per- 
forated as  in  Fig.  4,  bent  at  an  angle  of  ib^,  as 
in  Fig.  6,  and  painted  white  on  the  surface 
next  to  the  telescope.  The  rine,  formed  by 
bending  the  long  strip,  is  placec  around  the 
object  end  of  the  telescope.  A  light,  screened 
from  the  view  of  the  observer,  u  then  held, 
at  one  side  of  the  instrument,  in  such  a  way  Fig.  4.  Fio.  6. 
that  its  rays,  falling  upon  the  oblique  and 

whitened  surface  of  the  tin  plate,  are  reflected  directly  into  the  telescope. 

(16)  Bring  the  vertical  hair  to  cut  Polaris,  and,  by  means  of  the  tangent 
screw,  follow  the  star  as  it  appears  to  move,  to  the  right  if  approaching  eagt- 
em  elongation,  and  vice  versa,  keeping  the  hair  upon  the  star,  as  nearly  as 
may  be.  As  elongation  is  approached,. the  star  will  appear  to  move  more 
ana  more  slowly.  When  it  appears  to  travel  vertically  along  the  hair,  it 
has  practically  reached  elongation,  and  the  vertical  plane  of  the  transit, 
with  the  vertical  hair  cutting  the  ttar,  is  in  the  plane  of  the  star's  vertical  circle. 
Depress  the  telescope,  and  fix  a  point  in  the  line  of  sight,  preferably  800 
feet  or  more  distant  from  the  transit.f  Immediately  reverBe  the  transit, 
(swinging  it  horizontally  through  an  arc  of  180°),.^ight  to  the  star  again, 

portion  of  the  "  great  bear  "  (Ursa  major),  a  line  drawn  through  these  two 
stars  passing  near  Polaris.  As  the  stars  in  the  handle  of  the  dipper  form 
the  tail  of  the  great  bear,  as  shown  on  celestial  maps,  so  Polaris  and  the 
stars  near  it  form  the  tail  of  the  little  bear  (Ursa  minor.)  Polaris  is  also 
nearly  midway  and  in  line  between  Delta  and  Mizar.  Polaris  forms,  with 
three  other  and  less  brilliant  stars,  a  quite  symmetrical  cross,  with  Polaris 
at  the  end  of  the  right  arm.  In  Fig.  3  this  cross  is  inverted.  Its  height  is 
about  5°,  or  =  the  distance  between  the  pointers. 

•  Part  of  a  table  computed  by  the  Surveying  Class  of  1882-8,  School  of 
Engineering,  Vanderbilt  University,  Nashville,  Tenn.,  and  published  by 
Prof  Olin  H.  Landreth. 

t  The  stake  must  be  illnminated.  This  may  be  done  by  throwing  light 
upon  that  side  of  the  stake  which  faces  the  transit,  or.  better,  by  hoidinr  a 
sheet  of  white  paper  behind  the  stake,  with  a  lantern  behind  the  paper.  In 
the  latter  case,  the  cross-hairs  of  the  transit,  as  well  as  the  stake,  and  the 
knife-blade  or  pencil-point  with  which  the  assistant  marks  it,  shew  out 
dark  against  the  illuminated  snrfkce  of  the  paper. 

X  See  Note,  page  290.  ^>'^^^  ^y  L^OOg IC 
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•gun  deoreaa,  and,  if  the  line  of  nght  then  odneideft  pofeotly  with  the  nutfk 
&9t  set,  DoUi  are  in  the  plane  of  the  star's  vertical  eincle.  If  not*  note  where 
the  line  of  aii^t  does  strike,  and  make  a  third  mark,  midway  between  the  two. 
The  line  of  sight,  when  directed  to  this  third  mark,  is  in  the  reouired  plane, 
from  which  the  asimuth,  found  as  in  (8),  has  yet  to  be  laid  off  to  the  mMnAinn^ 
to  the  left  from  eastern  elongation,  and  vice  terea. 

(17)  To  avoid  driving  the  distant  stake  and  marking  it  during  the  night, 
a  fixed  target  at  any  convenient  point  may  be  used,  and  the  horizontal  angle 
formed  between  tibe  line  of  sight  to  the  star  and  that  to  the  target  merely  noted, 
for  use  in  ascertaining  and  laying  off  the  asimuth  of  the  target. 

(IS)  By  olwervatlon  of  Polaris  at  ealmination.  Fig.  3. 
See  %  (9).  Polaris  reaches  culm  a  few  mins  (see  table  below*)  after  being  in 
the  same  vert  plane  with  Delta  Cassiopeiae  or  with  Misar.f 

Jan  31        Apr  1       May  31       Jul  30        Aug  29     Oct  28       Jan  1 
Janl         Mar  2       May  1       Jun  30         Jul  30       Sep  28       Nov  27 
sec    see    sec    sec    sec    sec    sec    sec     sec    sec    sec    sec    sec    sec 
1912.479    447    418    405    410    431    461    493    429    455    474    477    468    414 
1917.635    603    575    562    568    589    620    654     584    614    633    639    630   566 
Delta  bel  pole.    Polaris  at  lower  Misar  bel  pole.    Polaris  at 

cuhmnation.  upper  culmination. 

Years  1890-1900    1900-1910    1912-1917    1920-1930 

Mean  ^tin^q^j  inetease,  sncimils. 
appcox 20  22  31  to  32        22  to  23 

When  ^  the  pole,  theee  stars  are  too  ^^  at  places  much  ^  25°  ^  ^^- 

In  places  south  oi  abt  25*  N  lat,  we  may,  with  sufficient  approximation,  use 
Mizar  and  Delta  when  above  the  pole,  udng  the  times  given  above,  with  dates 
six  months  later  than  those  in  the  table. 

(19)  By  olwerwaf  ion  of  Polaris  at  any  point  in  its  patb. 

Table  1  gives  the  mean  solar  times  of  upper  culmination  of  Polaris  on  the  1st  of 
each  month  in  1916,  and  directions  for  ascertaining  the  times  on  other  dates;  and 
TaUe  2  gives  the  asimuths  of  Polaris  corre^nding  to  different  values  of  its 
hour  anipe  in  dvil  or  mean  solar  time,  for  different  latitudes  from  30P  to  50°, 
tod  for  the  years  1916  and  1921.  For  hour  anides  and  latitudes  intermediate 
of  those  in  the  table,  the  asimuths  may  be  taken  oy  interpolation.  See  Caution 
sad  formula,  p.  290. 

(20)  The  local  timet  of  observation  must  be  accurately  known,  and  the 
time  <k  thepreceding  upi)er  culmination  (as  obtained  from  Table  1)  deducted 
from  it.  The  difference  is  the  hour  angle.  If  the  hour  angle,  thus  found,  is 
11  h.  58  m.  or  less,  the  star  is  west  of  the  meridian.  If  it  is  greater  than  11  h. 
58  m..  the  star  is  east  of  the  meridian.  In  that  case  deduct  the  hour  angle  from 
23  h.  56  m.  and  enter  the  table  with  the  remainder  as  the  hour  angle.    See  Fig.  1. 

(21)  Where  great  accuracv  is  not  required,  Polaris  may  be  observed  bv 
means  of  a  pltmu>-line  and  sight.  A  brick,  a  stone,  or  other  heavy  object  will 
answer  perfectly  as  a  plumb-bob.  It  should  hang  in  a  pail  of  water.  A  com- 
ics signt,  or  smy  other  device  with  an  accurately  straight  slit  about  1/16  inch 
wide,  may  be  used.  The  sight  must  remain  always  perfectly  vertical,  but  must 
be  adjustable  horisontally  for  a  few  feet  east  and  west.  The  plumb-line  and 
sight  should  be  at  least  15  feet  apart,  and  so  plaoed  that  the  star  and  plumb- 
litie  can  be  seen  together  through  Uie  sight,  throughout  the  observation.  The 
plumb-line  must  be  illuminateo.  It  is  well  to  arrange  all  these  matters  on  an 
evenmg  preceding  that  of  the  observation.  When  the  star  reaches  elongation, 
the  sii^t  must  be  fastened  in  range  with  the  plumb-line  and  the  star.  From 
the  fine  so  obtained,  lay  off  the  as;  to  the  toeel  for  S  elong,  and  vice  versa. 

(22)  By  any  star  at  equal  altitudes.  This  method,  applicable  to 
south  as  well  as  to  north  latitudes,  consists  in  observing  a  star  when  it  is  at 
any  two  equal  altitudes,  E.  and  W.  of  the  meridian,  thus  locating,  on  the 
horiaon,  two  points  of  equal  and  opp  as.   The  meridian  is  midway  betw  them. 

^Deduced  from  values  calculated  in  astronomical  time  (p.  266)  by  the 
U.  S.  Coast  and  Geodetic  Survey. 

tMiaar  will  be  reoogniaed  by  the  small  star  Alcor,  close  to  it. 

I  Jjotcml  tinse  a^^rees  with  standard  time  (p.  267)  on  the  standardmeridiana 
only.  For  other  points  add  to  standard  time  4  minutes  for  each  degree  of 
longitude  eatt  of  a  standard  meridian,  and  vice  versa,  jigitized  by\j OOQlC 
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(28)  Bjr  eonal  sbadows  flrom  the  mm.  Fig.  6.  ApproziiDate. 
At  the  solstioes  (about  June  21  and  December  21)  the  path  abed  travoaed  before 
and  after  noon,  by  the  end  of  the  aolu 
shadow  O  a,  etc.,  of  a  vertical  object  O, 
or  by  the  shadow  of  a  knot  tied  in  a 
plumb-line  suspended  over  O.  will  inter- 
sect a  circular  arc  a  N  d,  described  about 
O.  at  equal  distances,  a  m,  m  d,  from 
the  meridian  O  N.  The  obeervationa 
should  be  made  within  two  hours  before 
and  after  noon.  At  the  vernal  equinox 
(March  21)  the  line  thus  locat^  will 
then  be  west,   and  at  the  autumnal  _ 

equinox  (Sept.  21)  east,  of  the  mend-  Pl^  5. 

ian,  by  less  than  2}^  minutes  of  arc. 
For  intermediate  dates  the  error  ia  nearly  proportional  to  the  time  elapsed. 
It  is  well  to  draw  several  arcs  of  different  radii,  O  a,  O  6,  etc.,  note  two  points 
where  the  path  of  the  shadow  intersects  each  arc,  and  take  the  mean  of  all 
the  results.    A  small  piece  of  tin  plate,  with  a  hole  pierced  through  it,  may  be 

f>laced  with  the  hole  vertically  over  O;   and  the  bright  spot,  formed  by  tbe 
ight  shining  through  tbe  hole,  used  in  place  of  Uie  end  of  the  shadow. 

Table  1. 
Approx  local  times  of  eioiiiratn  and  enlminatn  of  Polaris 

in  lat.  40"  N.,  long  90"  W.  from  Greenwich,  on  first  of  each  mo,  1916. 

P.  M.  times  (from  noon  to  midnight)  are  printed  in  bold-fkieey 

Elong-atlons.     (E,  eastern;  W,  western.)     1916. 

Jan  I,  W  Feb  1,  W        Mar  1,  W        Apr  1,  W     May  1,  E  Jun  1.  E 

12.48  a.m.      10.41  p.m.    8.47  p.m.    6.45  p.m.    4.66  a.m.  2.55  a.m. 

Jul  1,  E  Aug  1,  E  Sep  1,  E         Oct  1,  E       Nov  1,  W  Dec  1.  W 

12.57  a.m.     10.52  p.m.    8.51  p.m.    6.5S  p.m.     4.46  a.m.  2.48  a.Dk. 

CnlminatloBS.    (U.  upper;  L,  lower.)    1016. 

Jan  1,  U       Feb  1.  L      Mar  1.  L       Apr  1.  L         May  1,  L  Jun  1,  L 

6.48  p.111.    4.48  a.m.      2.54  a.m       12.51  a.m.     10.50  p.m.  8.48  p.lB. 

Jul  1.  L      Aug  1,  U        Sep  1.  U        Oct  1.  U        Nov  1,  U  Deo  1,  U 

6.51  p.m.    4.51  a.m.       2.50  a.m.       12.52  a.m.     10.47  p.m.  8.48  p.m. 

This  table  serves  chiefljr  to  put  the  observer  on  guard.  He  should  be  at 
his  post  from  15  to  30  mins  in  advance  of  these  times.  The  positicm  of  tbe 
star  at  elongation  is  determined  by  observation.     If  16. 

In  latitude  26*,  W.  elongations  occur  later  and  E.  earlier  \  u_,  ..„  j_,  a  «,;•■ 
In  Uititude  50".  W.  "  "     earlier  and  E.  Uter  /  ^^  "^^^^  ^  ""^^ 

Longitude  correction  is  scarcely  a  min  of  time  in  any  part  of  U.  S. 
For  other  days  of  the  month,  deduct  3.93  min  for  each  succeeding  day. 
Each  Feb.  29  makes  each  subsequent  date  one  day  earlier  than  it  would 
otherwise  be;    and  the  time,  therefore,  3.93  mins  earlier.    Thus: — 

Ordinary  year  Feb  28         Mar    1         Mar  2        Mar  3        Mar  4 

Leap  year  Feb  28         Feb  29         Mar  1        Mar  2        Mar  3  ete. 

For  later  years,  up  to  1930,  add,  to  the  times  given,  A  «  approx  1.5  mins, 
for  each  year;  but  then  deduct  3.93  mins  for  each  Feb  29  which  has  inter- 
vened. More  exactly,  in  1890.  A  »  1.2  mins  per  year;  in  1902,  A  >  1.45  m; 
in  1916.  A   -  1.58  m;   in  1928,  A   -  1.28  m;    in  1930,  A   -  1.4  m. 

At  culmination,  where  asimuth  change  is  most  rapid,  a  time  error  of  2  mina 
in  observing  Polaris  involves  an  asimuth  error  of  abt  1  min. 

At  elongation,  a  time  error  of  20        10        5  1         minutea 

causes  an  asimuth  error  of  30  6        2      about  0.06  seoonda. 

In  all  lata,  each  culminatn  follows  the  preceding  one  by  11  h  58  m  maaji 
solar  time.    The  times  betw  successive  elongatna  vary  wita  the  lata. 
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Table  2. 


AZIMUTHS  OF  POLARIS. 


Hr  Angle 

tfeaa  solar 

time 

Aximtith 
For  Latitude 

Hr  Angle 

Nf  ean  solar 

time 

Aztmttth 
For  Latitude 

m«i»n 

aO»  850  '40*»  ;45«  \W 

1916 

1921 

ao*> 

85°l40«; 

45M5O 

hmhm 

o  r  \  o  f     ofo/lo/ 

1 

hm 

hm 

O    f 

o   / 

r 

0    / 

0    f     lO    J 

1 

0    5  0    5 
0   9  0   9 
0  14,0  14 

0202020    2*0    2 
03030404. 0    4 
0505060    610    7 

6  52 

7  8 
7  22 

6  24 

6  50 

7  8 

117 
1  15 
114 

121 
120 
118 

127 
125 
123 

134I 

132 
130 

14 
14 
13 

0 18  0  19 
0  23  0  24 
0  28  0  28 

0    6  0    7,0    7,0    810    9 
0    8  0    9'0    9  0  100  11 
0  10  0  10  Oil, 0  12  {0  13 

7  34 
7  45 
7  55 

7  22 
7  34 
7  45 

1  12 
110 
1    9 

1  16 
1  15 
113 

121 
1  20 
118 

128 
126 
124 

13 
13 
13 

0  32  0  33 
037  0  38 
0  42  0  43 

Oil  012;013 
013  014'015 
015,016,017 

014  016 
0  1610  18 
0  18*0  20 

8    4 
8  13 
8  21 

7  55 

8  5 
814 

1    7 
1    6 
1    4 

111 
1    9 
1    8 

116 

1  14 
112 

1  22 
1  20 
118 

13 
12 
12 

0  47  0  48 
0  51  0  53 
0  56  0  57 

0  16  017' 0  18 
0  18  0  19,0  20 
0  19  0  21  jo  22 

020 
0  22 
0  24 

0  22 
0  24 
0  26 

8  29 
8  36 
8  43 

8  22 
8  30 
8  38 

1    2 

0  59 

1    6 
1    4 
1    2 

1  10 
1    8 
1    7 

116 
114 
112 

12 
12 
11 

1    1,1    2 
16  17 
1  10  1  12 

0  2110  22  0  24 
0230241026 
0  24j  0  261  0  28 

0  26 
0  28 
0  30 

0  29 
0  31 
0  33 

8  50 

8  57 

9  4 

8  45 
8  52 
8  59 

0  58 
0  56 
0  54 

1    1 
0  59 
0  57 

1    5 

1    3 
1    1 

110 
1    8 
1    6 

1  1 
1  1 
11 

1  15'  1  17 
1  20,  1  22 
125^127 

0  26 
0  28 
029 

0  28 
0  29 
0  31 

0  29 
0  31 
0  33 

0  32 
0  34 
0  36 

0  35 
0  38 
0  40 

9  10 
9  17 
9  23 

9   6 
912 
9  19 

0  53 
0  51 
0  49 

0  56 
0  54 
0  52 

0  59 
0  57 
0  56 

1    4 
1    2 

1    0 

11 

1 
1 

1  30\  I  32 
135'  138 
140   143 

0  31 
0  32 
0  34 

0  33 
0  34 
0  36 

0  35 
0  37 
0  39 

0  38 
0  40 
0  42 

0  42 
0  44 
0  46 

9  29 
9  35 
9  41 

9  25 
9  31 
9  37 

0  48 
0  46 
0  44 

0  50 
0  49 
0  47 

0  54 
0  52 
0  50 

0  58 
0  56 
0  54 

1 

1 
05 

146 
151 
156 

148 
154 
1  59 

0  36 
0  37 
0  39 

0  38 
0  39 
0  41 

0  40 
0  42 
044 

0  44 
0  46 
0  48 

0  48 
0  51 
0  53 

9  46 
9  52 
9  58 

9  43 

9  49 
9  54 

0  43 
0  41 
040 

0  45 
0  43 
0  42 

0  48 
0  46 
0  44 

0  52 
0  50 
0  48 

OS 
OS 
0! 

2   1 
2   7 
212 

2    5 
2  10 
2  16 

040 
0  42 
044 

0  43 
0  45 
046 

0  46 
0  48 
0  50 

0  50 
0  52 
0  54 

0  55 

0  57 

1  0 

10    3 
10    8 
1014 

10    0 
10    6 
1011 

0  38 
0  36 
0  35 

0  40 
0  38 
0  36 

0  43 
0  41 
0  39 

0  46 
0  44 
0  42 

Oi 
0^ 
0^ 

218 
224 
230 

2  22 
2  28 
2  34 

0  45 
0  47 
0  49 

0  48 
0  50 
0  52 

0  52 
0  54 
0  55 

0  56 

0  58 

1  0 

1    2 
1    4 
1    6 

10  19 
10  24 
10  30 

1017 
10  22 
10  27 

0  33 
0  31 
0  30 

0  35 
0  33 
0  31 

0  37 
0  35 
0  34 

0  40 
0  38 
0  36 

0^ 
0^ 
0^ 

2  36 
2  42 
2  48 

2  40 
2  46 

2  53 

0  50 
0  52 
0  54 

0  53 
0  55 
0  57 

0  57 

0  59 

1  1 

1    2 
1    4 
1    6 

1    8 

111 
113 

10  35 
10  40 
10  45 

10  33 
10  38 
10  43 

0  28 
0  26 
0  25 

0  30 
0  28 
0  26 

0  32 
0  30 
0  28 

0  34 
0  32 
0  30 

Oi 
Oi 
0: 

254 
3    1 
3   8 

3    0 
3    7 
3  14 

0  55 
0  57 
0  58 

0  58 

1  0 
1    2 

1    3 
1    4 
1    6 

1    8 
110 
1  12 

115 
117 
119 

10  50 

10  55 

11  0 

10  48 
10  53 
10  58 

0  23 
0  21 
0  20 

024 
0  23 
0  21 

0  26 
0  24 
0  22 

0  28 
0  26 
0  24 

0: 
0: 
0^ 

3  15 
3  22 
3  30 

3  21 
3  29 
3  37 

1    0 
1    2 
1    3 

1    4 
1    5 

1    7 

1    8 
110 
112 

114 
1  16 
118 

122 
124 
126 

11    5 
1110 
1115 

11    4 
11    9 
1114 

0  18 
0  16 
0  15 

0  19 
0  17 
0  16 

020 
0  19 
0  17 

0  22 
0  20 
0  18 

0^ 
0^ 
0^ 

3  38i  3  46 
3  46!  3  55 
3  55  4    5 

1    5 
1    7 
1    8 

1    9 
111 

1  12 

114 
116 
117 

120 
122 
124 

128 
130 
133 

1118 
11  24 
1129 

1118 
1123 
1128 

013 
012 
0  10 

014 
0  12 
010 

015 
0  13 
Oil 

0  16 
0  14 
0  12 

01 
0] 
0: 

4    514  16 
4  16  4  28 
4  28,  4  42 

110 
1  12 
113 

114 
116 
118 

119 
121 
123 

126 
128 
130 

135 
137 
139 

1134 
1139 
1144 

1133 
1138 
1143 

0    8 
0    7 
0    5 

0   9 
0    7 
0    5 

0    9 
0    7 
0    6 

010 
0    8 
0    6 

0] 

0 

0 

4  4l'  4  59 
4  58;  5  25 

115 
1  17 

119!  125 
121jl27 

132 

134 

141 
144 

1148 
1153 

1148 
1153 

0    3 
0    2 

0   4 
0    2 

0    4 
0    2 

0    4|0 
0    2|0 

\^lien  the  star  is  near  elongation  (hour  angles  between  5  h  and  7  h 
a  considerable  change  in  hour  angle  corresponds  to  but  a  small  chan{ 
in  azimuth.  At  anch  times  it  will  usually  be  better  to  use  the  metht 
employing  the  elongation. 
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Table  3.    See  f  (11),  p  286. 

POLARIS.     POLAR  DISTANCES.  AND  AZIMUTH  AT  ELONGA- 

TION. 


Polar 

Dist.  of  I  Loff  sin 
ris    poldi 


Azimutii  at  Elongation,  in  Latitude 


Polaris 
Jan.  1_ 


1  13  33 

1  12  37 

1  1141 

1  10  45 

1    9  49 

8  53 

7  58 

7    2 

6    7 

5  12 

4  16 


poldist. 


20'> 


8.33  027 
8.32  472 
8.31  910 
8.31  341 
8.30  765 
8.30  181 
8.29  594 
8.28  999 
8.28  401 
8.27  794 
8.27  169 


118.3 
117.3 
1  16.3 
1  15.3 
114.3 
1  13.3 
1  12.3 
1  11.4 
1  10.4 
1  9.4 
1    8.4 


121.1 
120.1 
1  19.1 
118.1 
1  17.0 
1  16.0 
1  15.0 
1  14.0 
1  13.0 
1  11.9 
1  10.9 


to 


124.9 
123.8 
122.8 
121.7 
120.6 
119.5 
1  18.5 
1  17.4 
1  16.3 
1  15.3 
1  14.2 


129.8 
128.7 
127.6 
126.4 
125.2 
124.1 
1  23.0 
121.9 
1  20.7 
119.6 
1  18.5 


45» 


136.1 

134.8 

133.6 

132.3 

1  31.1  i 

1  29.9  I 

1  28.7 

1  27.5 

126.3 

125.1 

123.9 


144.1 
142.7 
141.4 
140.1 
138.7 
137.5 
136.1 
134.8 
133.5 
132.2 
130.9 


MO 


1  54.4 

1  53.0  , 

1  51.5 

1 1  50.1 

,  1  48.6 

1  47.2 

;  145.7 

1  44.3 

:  1  42.9 

1141.4 

140.0 


Latitude   . . . 
Log  cos  lat 


.      20°  25°  30°       35®  40*  45°  50" 

.  9.97299  9.95728  9.93753  9.91337  9.88425  9.84949  9.80807 


) 


iinute.     me  error  is  greater  in  tne  nigner  lautuaes. 
Having  the  north  polar  distance,  p,  of  a  star,  and  the  latitude,  L,  of 
he  point  of  observation,  we  have,  declination  of  star  =9  =  90"—^; 
nd  the  aalmuth,  a,  ot  the  star,  corresponding  to  any  sidereal  time 


Owing  to  changes  in  the  position  of  Polaris  during  the  year,  the 
positions  given  in  the  table  may  at  times  be  in  error  by  as  much  as  a 
minute.  The  error  is  greater  in  the  higher  latitudes, 
it  the  north  polar   "  '  ^^  .« 

the  . 

and       UIO      USAUHHiKUf      f*f      ML       tUC      Oi«l  ,       V.WI  A  ^OL>WUUlUB       1.V       CUIV       BJ 

hour  angle,  h,  may  be  found  by  the  following  formulas: 

cot  p        tan  8  cos  M  .  tan  h 

Tan  M  = = .    Then         Tan  a  = , 

cos  h      cos  h  sin  (M — L) 

Sidereal  time  hour  angle  =  (366/365)  mean  time  hour  angle  of  Table  2. 

The  declinations,  8,  of  Polaris  are  given  in  the  U.  S.  Ephemerit  or 
Nautical  Alinanac.  From  these  the  polar  distances  may  be  obtained 
more  accurately  than  from  our  Table  3. 

Caution*  when  it  is  desired  to  determine  the  meridian  within  one 
minute  of  arc,  it  is  well  to  use  more. than  one  method  and  compare  the 
results.  For  example,  observe  Polaris  both  E.  and  W.  of  the  meridian, 
and  a  star  at  equal  altitudes  south  of  the  zenith. 

NoTB. — If  Polaris  be  found  during  twilight,  in  the  morning  or  even- 
ing, observations  of  it  may  be  made  without  artificial  illamination  of 
the  cross-hairs.     For  times  of  elongation,  see  Table  1. 

Conreraton  of  liOnsttade  Are  Into  Tlme«  and  vice  Yersa. 


TlMR  Ate 

24  hours    =360*' 
Ihour     =    15* 
1  minutes     0**  15' 
1  second  =     0*»  0*  15" 
For  relation  between  time  error  and  corresponding  azimuth 
for  Polaris,  see  "At  culmination"  and  "At  elongation/'  p.  288. 


Arc         Tims 
1 »  =  4  minutes 
1'  =  4  seconds 
1"  =  0.066...  second 
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THE  ENGINEERS  TRANSIT. 


The  details  of  the  transit,  like  those  of  the  level,  are  differently  arranged  by 
diff  makers,  aud  to  suit  particular  purposes.  Without  the  lonn^  baoble- 
tobe  F  F,  Fig  1,  under  the  telescope,  and  the  f^radaated  are  g^  it  is  the 
plain  transit.  With  these  aopendages,  or  rather  with  a  graduated  circle  in 
place  of  the  are,  it  becomes  virtually  a  Complete  Tlieodolite. 

B  D  I>,  Fig  2,  is  the  tripod-bead.  The  screw-threads  at  v  receive  the  screw 
of  a  wooden  trlpod-head-cover  when  the  instrument  is  out  of  use.  S  8  A  ia  the 
lower  parauel  plate.  After  the  transit  has  been  set  very  nearly  over  the 
center  of  a  stake,  the  abiftingwplate,  ddee,  enables  us,  by  sUfrhtly  looaeninjr 
the  leTellinn^-Borews  K,  to  shift  the  upper  parts  horizontallv  a  trifle,  ana 
thus  brinff  the  plumb-bob  exactly  over  the  center  with  less  trouble  than  by  the 
older  metnod  ofpushing  one  or  two  of  the  len  further  into  the  ground,  or  spread- 
ing them  more  or  lees.  The  screws,  K,  are  tnen  tightened,  thereby  pushing  up- 
ward the  upper  parallel  plate  mmmxx,  and  with  it  the  half-ball  b,  thus 
Dressing  c  o  tightly  up  against  the  under  side  of  &    The  plamb-Une  passes 


) 


throuffh  the  vert  hole  in  6.  Screw-caps.  /,  g.  protect  the  leveHing-serews  fhun 
dust.  &c.  The  feet,  <,  of  the  screws,  work  in  loose  socjcetg,/,  made  flat  at  bottom, 
to  preserve  S  from  being  indented. 

To  net  tbe  upper  parts  upon  tbe  parallel  plates.  Place  the 
lower  end  of  U  U  in  x  z,  holding  the  instrument  so  that  the  three  blocks  on  m  m 
(of  which  the  one  shown  at  F  is  movable)  may  enter  the  three  correspond  ing 
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iweoMs  in  a^  thus  sllowiag  a  to  bear  fully  on  m,  upon  which  the  upper  parti 
then  rest.  (The  inner  end  of  the  Bprine-catcfa,  /,  in  the  meantlroe  eiit«rs  a  groove 
uonnd  U,  jnat  below  a,  and  prerents  the  upper  parU  from  falling  olT,  if  the  Ins 
ftnunent  is  now  carried  over  the  shoulder.)  KeToUe  the  upper  parts  horizontally 
a  triile,  in  either  direction,  until  ther  are  stopped  by  the  striicing  of  a  small  lug 
on  a  against  one  of  the  blocks  F.  Tne  recesses  in  a  are  now  clear  of  the  blocks, 
n^ten  o,  thereby  pushing  inward  the  moTable  block  F,  which  clamps  the 
beveUei  fliange  a  between  it  and  the  two  fixed  blocks  on  m  m,  and  confines  the 
spindle  U  to  the  fixed  parallel  plates.  It  remains  so  clamped  whUe  the  instrument 
is  being  uaed. 

To  reiiiow<e  the  upper  parte  firom  the  parallel  plates.  Loosen 
f,  bring  the  recesses  in  a  opposite  the  blocks  F.  Hold  back  I,  and  lift  the  upper 
parts,  which  are  then  held  together  by  the  breed  head  of  the  screw  inserted  Into 
the  foot  of  the  spindle  w. 

T  T  is  the  enter  rewelwiniT  sptedle*  cast  in  one  with  the  napport- 
Ins^piate  Z  Z,  to  which  is  fastened  the  ffradnated  limb  O  O.  Tiie  lloib 
extends  beyond  the  compass-box,  and  thus  admits  of  larger  graduations  than 
would  otherwise  be  obtainable.  «9  w  is  the  inner  rewelwlnir  spindle.  At 
tia  top  it  has  a  broad  flange,  to  which  is  fastened  the  vernier  plate  P.  To  the 
litter  are  fastened  the  compass-box  C,  the  two  bubble-tubes  M  M,  the  standards 
V  V,  supporting  the  telescope.  Ac.  Each  bubble-tube  is  supported  and  adjusted 
by  four  capstan-head  nnts,  two  at  each  end.  The  bent  strip,  curving  over  the 
tube,  protects  the  glass  from  accidental  blows  in  swinging  the  telescope. 

Control  of  motions  of  ffradvate«t  limb  O  O  and  werniev 
plate  P.— The  tangent-screw  6  and  a  spiral  spring  (not  shown)  opposite  to  it 
are  fixed  to  the  graduated  limb  00,  and  nold  between  them  a  projection  p  from 
the  loose  collar  /,  which  is  thus  confined  to  the  limb  and  made  to  travel  with  it. 
The  eUmp-screw  H  passes  through  the  collar  t  and  presses  against  the  small  lug 
Jihown  at  its  inner  end.  When  H  is  tightened,  this  lug  Is  pressed  agninst  the 
fixed  apindle  U  U,  to  which  the  graduated  limb  Ja  thus  made  fast.  A  slow  mo* 
tion  may,  however,  still  be  given  to  the  limb  by  means  of  the  tangent-Mrew  Q. 

The  motion  of  the  vernier  plate  P  over  the  gradnated  limb  O  O  Ih  similarly 
governed  by  the  tangent-screw  b  and  its  spiral  spring  (not  shown),  fixed  to  the 
vernier  plate  P,  and  the  cl«nip-«czew  0,  which  passes  tnrough  the  collar  «,  and 
presses  against  the  small  lug  shown  at  its  inner  end. 

There  are  two  remiers.  One  Is  shown  at  p,  Fig  1.  Both  may  be  read,  and 
their  mean  taken,  when  great  accuracy  is  required.  Ivory  reflectors,  c,  facilitate 
their  reading.  Before  the  instrument  is  moved  from  one  place  to  another,  the 
compa— ■  needle,  k.  Fig  2,  should  alwavs  be  pressed  up  against  the  glass  cover 
of  the  compass-box  by  means  of  the  uprignt  miiled-head  screw  seen  on  Die  ver« 


< 


nier-plate  In  Fig  1,  Just  to  the  right  of  the  nearest  standard.  The  pivot-polut  is 
thus  protected  nom  injury. 

R,  Fig  1,  is  a  ring  with  a  damp  (the  latter  not  shown)  for  holding  the  telescope 
in  any  required  position.  It  is  nest  to  let  the  eye-end, IL  of  the  telescope  revolve 
dmanward,  as  otherwise  the  shade  on  O,  if  in  nae,  may  fall  off.  The  tangent>-screw, 
d,  moves  a  vert  arm  attached  to  R,  and  is  thus  used  for  slightly  changing  the 
elevation  of  the  telescope.  In  the  arm  is  a  sUt  like  that  seen  in  the  vernier-arm 
L  By  means  of  the  screw  D.  the  movable  vernier-arm  Y  may  be  clamped  at 
anv  aeslred  point  on  the  vertical  limb  g.  When  0^  of  the  vernier  is  placed  at 
20°  on  the  arc  g,  and  the  index  of  the  opposite  arm  is  placed  over  a  small  notch 
on  the  horizontal  brace  (not  seen  in  our  figs}  of  the  standards,  the  two  slits  will 
be  opposite  each  other,  and  may  be  used  for  laying  off  ofl*sets,  dbc,  at  right-angles 
to  the  line  of  sight. 

One  end,  R,  of  the  telescope  axis  rests  in  a  movable  box,  under  which  Is  a  screw. 
By  means  of  the  screw,  the  box  may  be  raised  or  lowered,  and  the  axis  thus  ad- 
justed for  very  slight  derangements  of  the  standards.  For  £,  B,  O,  and  A,  see 
Level,  p  306.    a  is  a  dust-guara  for  the  objectelide. 

StsMlia  Hairs.  Immediately  behind  the  capstan -screw,  p,  Fig  1,  is  seen  a 
smaller  one.  This  and  a  similar  one  on  the  opposite  side  of  the  telescope,  work 
in  a  ring  inside  the  telescope,  and  hold  the  rlns  in  position.  Across  the  ring  are 
stretchM  two  additional  horizontal  hairs,  called  stadia  hairs,  placed  at  such  a 
imtanee  apart,  vertically,  that  they  will  subtend  say  10  divisions  of  a  graduated  rod 
placed  100  ft  from  the  instrument,  16  divisions  at  160  ft,  Ac  They  are  thns  used  for 
mensuring  hor  and  sloping  distances. 

Tlie  loiifr  bnbble-tabe,  P  F,  Fig  1,  enables  ns  to  use  the  transit  as  a  lev»l| 
ilthaagb  it  is  not  so  well  adao^xl  as  ttaelattar  to  this  pnipoie- 

23 
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To  a^vst  a  plain  Timnslt* 

When  either  a  leTel  or  a  traosit  !■  parch  ued,  it  1b  a  good  precaiitioo  (but  on« 
which  the  \n-itor  fau  nerer  seen  alluded  to)  to  first  screw  the  olgect-glass  firmly  hoin« 
to  ite  place ;  and  then  make  a  short  continuous  scratdi  upon  the  ring  of  the  glass,  and 
upon  its  slide;  so  as  to  be  able  to  see  at  any  time  when  at  work,  that  the  glass  is 
always  in  the  same  position  with  regard  to  the  slide.  For  if,  after  all  the  atUafltments 
are  cumpleted,  the  position  of  the  glass  should  become  changed,  (as  It  is  apt  to  be  if 
unscrewed,  and  afterward  not  screwed  up  to  the  same  precise  spot,)  the  acyvatmeota 
may  thereby  become  materially  deranged ;  especially  if  the  object-glass  is  eccentric, 
m  not  truly  ground,  which  is  often  the  case.  Such  scratdiea  should  be  prepared  by 
the  maker.  In  making  adjustments,  as  well  as  when  using  a  transit  or  iSTel,  be 
eareful  that  the  eye-glau  and  object-glass  are  so  drawn  out  that  there  shall  be  n« 
parallax.  The  eye-glass  must  first  be  drawn  out  so  as  to  obtain  perfect  distinctness 
of  the  cross-hairs ;  it  must  not  be  disturbed  afterward ;  but  the  oMject-glass  must 
be  moved  for  different  distances. 

First,  to  ascertain  thai  the  bnbble-tnbes,  M IH,  are  plaoeJ 
parallel  to  the  wernier^plate,  and  that  ther^re  when  both  tmbblu  are  m 
the  eerUfrs  of  their  tubes  the  axis  qf  the  inst  is  vert.  By  means  of  the  four  leyelling- 
screws,  K,  bring  both  bubbles  to  the  centers  of  their  tubes  in  one  position  of  th« 
inst ;  then  turn  the  upper  parts  of  the  inst  ha^f-ietty  round.  If  the  Dabbles  do  not 
remain  in  the  center,  correct  half  the  error  by  means  of  the  two  capaiao-nuts 
rr;  and  the  other  half  by  the  leTelling^crews  K.  Repeat  the  trial  until  both 
tmbbles  remain  in  the  center  while  the  i  nst  Is  being  turned  entirely  around  on 
its  spindle. 

Second,  to  see  that  the  standards  have  saflTered  no  deranire- 
ment  t  that  is,  that  they  are  of  equal  height  and  perpendicular  to  the  Termer- 
plate,  as  they  always  are  when  they  leare  the  makers  hands.  Lerel  the  inct 
perfectly ;  then  direct  the  inteiseetion  of  the  hairs  to  some  point  of  a  high  ol^ect 
(as  the  top  of  a  steeple)  near  by;  clamp  the  inst  by  means  of  screws  £[  and  e, 
and  lower  the  telescope  until  the  intersection  strikes  some  point  of  a  low  object, 
(if  there  is  none  suen  driye  a  stake  or  chain-pin,  Ac,  in  the  line.)  Then  un- 
elamp  either  H  or  e,  and  turn  the  upper  parts  of  the  inst  half-way  round ;  fix  the 
intersection  again  upon  the  high  point;  clamp;  lower  the  telescope  to  the  low 
point.  If  the  intersection  still  strikes  the  low  point,  the  standards  are  in  order. 
If  not,  correct  otf-half  of  the  difference  by  means  of  the  adjusiing-bloek  and 
screw  at  the  end,  R,  of  the  telescope  axis.  Fig.  1,  and  repeat  the  trial  ds  wove, 
resetting  the  stake  or  chain-pin  at  each  trial.  If  the  inst  has  no  a^iusting-block 
for  the  axis,  it  should  be  returned  to  the  maker  for  correction  of  any  derange- 
ment  of  the  standards. 

A  transit  may  be  used  for  running  straight  lines,  even  If  the  standards  become 
nightly  bent,  by  the  process  described  at  the  end  of  the  fourth  adjustment. 

Third,  to  see  that  the  eross-hairs  are  traly  wert  and  Itor 
when  the  inst  is  level.  When  the  telescope  inverts,  the  crom-hairs  are 
nearer  the  eye-end  than  when  it  shows  objects  erect.  The  maker  takes  care  to  place 
the  cross-hairs  at  right-angles  to  each  other  in  their  rins,or  diaphragm ;  and  gene 


rally  he  so  places  the  ring  in  the  telescope,  that  when  leTeUed,  the/  shall  be  wmit 
and  hor.  Sometimes,  however,  this  is  neglected ;  or  the  ring  may  Sy  accident  be> 
oome  turned  a  little.    To  be  certain  that  one  hair  is  vert,  (in  which  esse  the  other 


must,  by  construction,  be  hor,}  after  haTing  adjusted  the  bubble-tubes,  leTsl  the  in< 

strument  carefiilly,  and  take  sight  with  the  teiseeope  at  a  plumb-line,  or  other  Teri 

straight  edge.  If  the  vert  hair  coincides  with  this  object, 

■^h6  it  ia,  so  far,  in  adjustment ;  but  if  not,  then  loosen  sUgkUt 

^J^H^  oalv  two  adjacent  screws  of  the  ibur,|>p  %  s  Fig  1;  and 

^^FV'^C  with  a  knife,  key,  or  other  small  instrument,  tap  very 

^. 


aently  aj 
Tittle  in 


against  the  screw-heads,  so  as  to  turn  the  ring  a 
a  the  telescope;  perseyering  until  the  hair  b» 
truly  vertical.    When  this  is  done,  tighten  the 


g       screws.    In  the  absence  of  a  plumb-line,  or  vert  straight 
^  edge,  sight  the  cross-hair    at  a  vecy  small   distinol 

point;   and  see  if  the  hair  still  cuts  that  point,  when 
V  the  telescope  is  raised  or  lowered  by  revolving  it  oa 

Flff.  8.  ^^  ^^' 

The  mode  of  performing  the  foregoing  will  be  raadll  j 
■nderstood  from  this  fig,  which  represents  a  section  across  the  top  part  of  the  tele* 
scope,  and  at  the  crois-bairs.  The  hair-ring,  or  diaphragm,  a;  vert  hair,  v;  tele- 
scope tube,  p;  ring  outside  of  telescope  tube,  d;  5  is  one  of  the  four  capstan-headed 
screws  which  hold  the  hair-ring,  a,  in  its  place,  and  also  serve  to  adjust  it.  The 
lower  ends  of  these  screws  work  in  the  thickness  of  the  hair-ring;  so  that  when 
they  are  loosened  somewhat,  they  do  not  loee  their  hold  oa  the  ring.    Small  loose 
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e,  ai«  plaMd  under  the  heads  6  of  the  aerewt.  A  ■paee  y  y  ia  left  uomid 
flwfa  sera V  vhen  it  pmmb  throoeh  the  teleeoope  tube,  to  allow  the  acrews  aod  ring 
tocether  to  be  moTed  a  little  Buieways  when  the  Bcrewa  b  are  slightly  loosened. 

PosrtiK,  te  Me  tti»t  Oie  TerCtesI  liair  Is  in  thelliie  of  e^lli- 
■aaiioM.  Plant  the  tripod  firmly  upon  the  ground,  as  at  a.  LeTol  the  inst : 
damp  it ;  and  direct  the  vert  hair  by  means  of  tangeot^screw  O  (figs.  1  and  2) 
some  coQTenient  object  6 ;  or  if  there  is  none  such,  drive  a  thin  stake,  or  a 
pin.    Then  reT<riTing  the  telescope  vert  on  its  nxis,  c- 

e  aomn  object,  as  e,  where  the  Tert  hair  now  strikes ;  5         a      ^^-^ 

orif  there  ia  none,  plaoe  a  seeond  pin.    Unclamp  the  instru-  • •4-'-'' mo 

ment  by  the  clamp-screw  H;  and  turn  tlie  whole  upper  •  "^^         ^ 

part  of  It  around  until  the  Ten  hair  again  strikes  b.  ^^ig,  4,  ^^>,.«. 
Clamp  again  \  and  a^n  reyolve  the  telescope  rert  on  its         ^  ^"^ 

uua.  If  the  Tert  lisir  now  strikes  e,  ss  it  did  before,  it  shows  that  c  Ib  really 
at  0 ;  and  that  b,  a^  c,  are  in  tAe  tame  dratgki  line ;  and  therefore  this  ac^ustment 
is  io  order.  If  noL  observe  where  it  doee  strike,  say  at  m,  (thedist  a  m  being 
taken  equal  to  a  e,)  and  place  a  pin  there  also.  Measure  m  e;  and  plaoe  a  pin 
St  r,  in  toe  line  m  e,  makui^  m  «  —  one-fourth  of  m  e.  Also  put  a  pin  at  0,  half* 
way  between  m  and  «,  or  in  range  with  a  and  b.  By  means  of  the  two  hor 
screws  that  moTC  the  ring  carrying  the  cross-hain,  adjust  the  vert  hair  until  it 
eats  SL  Now  repeat  the  ettiire  operation ;  and  peiaeTere  until  the  telescope,  after 
being  directed  to  b,  shall  atrike  the  same  object  s,  balk  Mmet,  when  reTolred  on 
its  axia.  See  whether  the  moTement  of  the  ring  In  this  4th  adjustment  has  dis- 
turbed the  Terticality  of  the  hair.  If  it  has,  repeat  the  8d  adjustment.  Then  re- 
peat the  4th,  if  necessary ;  and  so  on  until  both  adjustments  are  found  to  be  right 
at  the  same  time.  Thus  a  straight  line  may  be  run,  even  if  the  hairs  are  out  of 
adjustment;  but  with  somewhat  more  trouble.  For  at  each  station,  as  at  <i,  two 
bsiek-cighta,  and  two  fore-sights,  a  e  and  a  m,  may  be  taken,  aa  when  making  the 
adjustment;  and  the  point  0,  naif- way  between  e  and  m,  will  be  in  the  straightline. 
Hie  inat  may  then  be  moved  to  o,  and  the  two  back-sights  be  taken  to  a ;  and  so  on. 

Angia  measured  by*  the  transit,  whether  vert  or  hor,  will  evidently  not  be 
affected  bj  the  hairs  being  out  of  adjustment,  provided  either  that  the  vert 
hair  ia  trmy  ver^  or  that  we  oae  the  intanecHion  of  the  hairs  when  measuring. 

The  f^rcfpotiiv  isre  all  the  a^iiatiBenta  needed,  unless  the  tran- 
lit  la  leqnirea  for  levelUiig^  In  which  caae  the  following  one  most  be  attended  to : 


Fi«r.5. 


.  1,  we  first  place  the  line 


To  adUnvt  tHe  tonff  liii1l%lC«MlM,  F  F, 

of  sight  of  the  telescope  hor,  and  then  make  the  bubble-tube  hor,  so  that  the 
two  are  parallel.  Drive  two  pegs,  a  and  b  Fig.  5,  with  their  tops  at  preoiaely 
the  same  level  (see  Rem.  p.  S96)  and  at  least  about  100  ft.  apart ;  800  or  more 
will  be  better.  Plant  the  inst  firmly,  in  range  with  them,  as  at  e,  makingft  e 
an  aliquot  part  of  a  b.  and  as  short  as  will  permit  focusing  on  a  rod  at  b.  The 
inst  need  not  be  leveled.  Sappose  the  line  of  sight  to  cut  e  and  d.  Take  the 
readings  h  e  and  a  d.  Their  olff  is  be-^ad^an^ad^'dn;  and  a  b :  a  e : : 
inzde;  $  being  the  height  of  the  target  at  a  when  the  readings  (a  «,  b  0)  on  the 

two  stakes  are  equal.    at='ad-^da^ad-\-—^ —    If  the  reading  on  a 

a  0 
caesecir  that  on  ^  (aa  when  the  Hoe  of  sight  la  v/g)  the diff  of  readings  is  =  a  ^  — 


'ffi't  ViA  ae^ag—ga^ag" 


giXae, 


ab 


{ 


Sight  to  s,  bring  the 


bf^^ag  —  ais 

bubble  to  the  een  of  its  tube  by  means  of  the  two  small  nuts  n  n  at  one  end  of  the 
tube.  Fig.  1,  and  assume  that  the  telescope  and  tube  are  paraUel.*    The  seroa  of 

a  To  correct  for  earth  curvature  and  for  atmosferie  refraction  (see  p  153),  make 
s  A,  fL  -  0.000000020  fiX{ae,  ft)*,  and  set  target  at  A.  (When  ac  «  1,000  ft, 
t  k  -  0.0205  fL )  igitized  by  Lj OOg  IC 
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the  Tort  circle,  and  of  its  veniier,  may  now  be  w^nited,  If  they  reqnire  it,  tiy 
looeening  the  Temier  iorews  and  then  moTing  the  veniier  until  the  two  coin* 
cide. 

Hem.    If  no  level  ia  at  hand  for  leyelling  the  two  pen  a  and  b.  It  may  be  done 

bv  the  traoBlt  Itself,  thus:  Oirefully  level  the  two  short  bubbles,  by  meant  of  the 

levellinff-BcrewB  K.    DrlTe  a  peg  m,  fh>m  100  to  300  feet  from  the  inatrument  o. 

Then  placing  a  target-rod  ou  m,  clamp  the  target  tight  at  whatever  height,  as  e  v, 

the  hor  hair  happens  to  cut  it ;  it  being  of.no  im- 

„. N      ^Ip I  portance  whether  the  telescope  is  level  or  not; 

^^'J^'  m  q;  although  it  might  as  well  be  as  nearly  so  as  can 

6(1  /\  X  conveniently  be  guessed  at.    Clamp  the  teleacopc 


lU  ^ Q '^  in  its  position  by  the  clamp>ring  B,  Jig.  1.    Re- 

-q  '*  volve   the   inst   a  considerable  way  round;    aay 

"if*  **  nearly  or  qidte  half  way.    Place  another  pejf  n, 

atprteUdif  th«  tome  dJM  from  the  instrument  that  m  is ;  and  oontinue  to  drive  it  un- 
til the  hor  hair  cats  the  target  placed  on  it,  and  still  kept  clamped  to  the  rod,  at  the 
same  height  as  when  it  was  on  m.  When  this  is  done,  the  tops  of  the  two  pegs  are 
ou  a  level  with  each  other,  and  are  ready  to  be  used  as  before  directed. 

When  a  transit  Is  intended  to  be  used  for  surveying  (krms,  Ac,  or  for  reCradng 
lines  of  old  surveys,  it  is  very  useftil  to  set  the  compass  so  as  to  allow  for  the  **  va- 
riation" during  the  interval  between  the  two  surveys.  For  this  purpoae  a 
*^irari«tton-iremler**  is  added  to  such  transits;  and  also  to  theoompaas. 

When  the  graduations  of  a  transit  are  figured,  or  numbered,  so  as  to  read  both 

ways  from  Eero,  thus,  ii  i  li  n  1 1 1 1 1 1 1 1 1 1  il  1 1  ii  1  ii  i  the  vernier  also  is  made 
double ;  that  is,  it  also  ia  graduated  and  numbered  from  its' aero  both  ways.  In 
this  case,  if  the  angle  is  measured  from  aero  toward  the  right  hand,  the  reading 
must  be  made  from  the  right  hand  half  of  the  vernier ;  aud  vioe  versa.  If  the 
figuring  is  single,  or  only  in  one  direction,  from  zero  to  860^,  then  only  the  single 
vernier  is  necessary,  as  the  angles  ar«  then  measured  only  in  the  direction  that 
the  figuring  counts.  Engineers  diflfor  in  their  preferences  for  various  manners 
of  figuring  the  graduationa.  The  writer  prefers  from  aero  each  way  to  180^,  with 
two  double  verniers. 

T»  replace  erowa-halrs  in  a  leTel,  or  traBSlt.  Take  oat  tbe  tube 
from  the  eye  end  of  the  telescope.  Looking  in.  notice  which  aide  of  Uie  cross- 
liair  diaphragm  is  turned  toward  the  eye  end.  Then  loosen  the  four  acrewa  which 
hold  the  diaphragm,  so  as  to  let  the  latter  lUl  out  of  the  telescope.  Fasten  on  new 
hairs  with  beeswax,  varnish,  glue,  or  gum«anbio  water,  Ac  Thia  requires  care. 
Then,  to  return  the  diuphrngm  to  ita  place,  press  firmly  into  one  of  the  screw-holee 
on  the  oircumf  of  the  diaphragm  itseff,  the  end  of  a  piece  of  stick,  long  enough  to 
reach  eaailv  into  the  telescope  as  far  as  to  where  the  diaphragm  belongs.  By  this 
stick,  as  a  handle,  insert  the  diaphragm  edgewise  to  its  place  in  the  telescope,  and  bold 
it  there  until  two  opoomte  screws  are  put  in  place  and  screwed.  Then  draw  the  stick 
out  of  the  hole  In  the  diaphragm ;  and  with  It  turn  the  diaphragm  until  the  same 
side  presents  itself  toward  Uie  eye  end  as  before ;  then  put  in  the  other  two  aerewb. 

The  so-called  cross-hairs  are  actually  spider-web,  so  fine  as  to  be  barely  vhdble  to 
the  naked  eye. 

'  To  replace  a  spirlt*leTel,  or  bvbble-fflafls.  Detach  the  level  from 
the  instrument ;  draw  olT  its  sliding  ends ;  push  out  the  broken  glass  vial,  and 
the  cement  which  held  it ;  insert  the  new  one,  with  the  proper  side  up  (the  upper 
side  \b  alwavs  marked  with  a  file  by  the  maker);  wrapping  aome  paper  around 
ita  ends,  if  it  fits  loosely.  Finally,  put  a  little  putty,  or  melted  beeawax  over  the 
ends  of  the  vial,  to  secure  it  against  moving  in  its  tube. 

In  purchasing  instruments,  especially  when  they  are  to  he  oaed  far  from  a 
maker,  it  is  advisable  to  provide  extras  of  such  parts  as  may  be  eaaily  broken  or 
lost ;  such  as  glaaa  oompaaa-ooveiB,  and  needles ;  adjusting  pina ;  level  vials ; 
magnifiers,  dkc  

Theodolite  a^jiutmenta  are  performed  like  those  of  the  level  and  tnmaiu 

l8t  That  of  the  croas-hain :  the  same  as  in  the  level 

2d.  The  long  bubble-tube  of  the  telescope ;  alao  as  in  the  leveL 

3d.  The  two  short  bubble-tubes :  as  in  the  transit. 

4th.  The  vernier  of  the  vert  limb ;  as  in  the  transit  with  a  vert  circle. 

5th.  To  see  that  the  vert  hair  travels  vertically ;  as  in  the  fourth  a^foatment 
of  the  transit  In  aome  theodolites,  no  adjustment  is  provided  for  this;  but  in 
large  ones  it  is  provided  for  by  acrewa  under  the  feet  of^the  atandarda. 

Sometimea  a  aecond  teleaoope  ia  added ;  it  ia  placed  belc^  |^f  i^'  VtaA,  and  ia 
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rP^*  wafcAer.  It  has  Its  own  clump,  and  tungent-flcrow.  Its  use  is  to  ascertain 
irhether  the  «ero  of  that  limb  has  mored  during  the  meastireinent  of  hor  angS 
*i!;iJ7^*'!5^*i?*  beginning  the  measnrement.  the  zero  and  upper  telescope  are 
S,^^  ^Vfr^  ^^?  ^"^J'^^^b.  P**^".'  ***«  ^^'^®'  t^l^fope  to  any  small  distant 
-^ject,  asd  then  clam^  it.  During  the  subsequent  measurement,  look  throughlt 
^m  time  to  time,  to  be  sun  that  it  still  strikes  that  object ;  thus  proving  thSt  M 
fllippmg  has  oocuzred.  »'         e  •.*!-•  ■• 
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2.?^^^*^  ^^  **"  ^^^^  Mxtant,  and  the  fact  that  it  reads  to  single  minutea 
renderit  at  times  yery  useful  to  the  engineer.  By  it,  angles  can  be  me^SurS  WhiS 
inab«t,or  on  faoraeback;  and  m  many  situations  which  preclude  the  use  of  a 
^^^  }^  "  ™tf"*  '^^  obtamiujr  latitudes,  by  aid  of  an  artificial  horizon.  WheJ 
cloied.  It  re^jbJ^B  a  cyHndrici3  brass  box,  about  3  Inches  in  diameter,  and  ll2 
mche«  deep.    This  box  is  In  two  parts;  '  '^ 

by  nnocrewing  which,  then  iuTerting 
one  part,  and  then  screwing  them  to- 
tr«*ther  again,  the  lowor  part  becomes  a 
^.^ndle  for  holding  the  instrument. 
I>«*>king  down  upon  Its  top  when  thus 
arranged,  we  see,  as  in  this  figure,  a 
morable  arm  I  C,  called  the  index, 
which  turns  on  a  center  at  C,  and  car- 
ries the  vernier  V  at  its  other  end.  Q 
(r  ia  the  graduated  arc  or  limb.  It 
sctoally  subtends  about  73°,  but  is  di- 
Tided  into  about  148P.  Its  zero  is  at 
cue  end.  Its  graduations  are  not  shown 
in  the  Fig. 

Attached  to  the  index  is  a  small  moT- 
able  lens,  (not  shown  in  the  figure,) 
likewise  leTolring  around  C,  for  read- 
iog  the  fine  dirisions  of  the  limb.  When 
measuring  an  angle,  the  index  is  moved 
by  turning  the  mlUed-head  P  of  o 
pinion,  which  works  In  a  rack  placed  within  the  box  The  eve  Is  unnlfart  t^  •  *.i^ 
cular  hole  at  the  side  of  the  bo'x,  near  A.    A  .4lItele.iSpe%bm,t '^^^^  fong 

^Xffatl^hVnTd 'JJ^^rii  ?,"'  T^rP^^'^^^y  be  dispensed'  with.  When  sV,  th*^ 
in7^-^AJt?^^?}t^S^^l^  ""^^.^  **y  *  ■"**«  ^h'ch  has  a  very  small  eye^hole 
«  heSe^iS  tSJiiiZ  i^^Pi"  ?•  ™?^'"8  ^  *»»«  <^"'^*^  «'«*  AnotheV  slide; 
fL^«  whl«  »lr^  ;.?^^*  ?  dark  ghws  for  covering  the  eye-hole  when  obstfrvinJ 
the  ran.  When  the  telescope  is  used,  it  is  fastened  on  by  the  milledhead  screw  T 
The  top  p«^  shown  in  our  figure,  can  be  separated  fVom  the  cyKSS  TrT  bv 

SSl^'iSS  cl^i^xf  n'S2:^""l^2  **•  edf ;  and  the  interior^ciSlhen  bTexkSr. 
meo,  ana  cieanea  ir  necessary.    Like  nanUcal,  and  other  sextants,  thia  nnA  hM 

nrln^  the  vert  angles  of  celesti^  bodies,  it  i«dir3Sdt!i«idttfe^rir^^^^ 
V^  theboxitSeposiUon  of  its  upper  edge  bSnTsh  Wby  the  d^^^^^^^^^ 
B.    The  horijon-gtase  is  sUvered  onlyXlf-wSy  downVso  tTit  one  o^^^^^^^ 
objects  may  be  seen  directly  through  its  lower  half,  'while  the  ImZ  of  tKSer 
object  is  seen  in  the  upper  half,  reflected  from  the  index-glass.   That  the  instromenJ 
may  be  in  a^ustment,  ready  for  use,  these  two  gUsses  m«st^  at  right  LXt^hs 
plane  of  the  Instrument ;  that  is,  to  the  under  side  of  the  top  of  the  bSx\o  which  they 

trd*o?l£f  l\»b^Sf„H5l~  S?H**f*i^'^  *^"~^*!  ^'^^''  **>«S  '^  »eros  of  the  vemieJ 
»nd  of  the  hmb  coincide.  The  index-gUss  is  already  permanently  fixed  by  the 
maker,  and  requires  no  other  adjustment.    But  the  horiLn-glass  has  t^^  adjust^ 

n'tn^2*t«^S;;?L5;'«?S!^,?******^'*V^^^^^^^  *»*  ha?lngamilled.h.2iK. 
llSifT^^  ******  ^U^^^-^  ^I'  »o  as  to  be  always  at  hand  for  use.  When 
•eeded,  it  is  unscrewed.    This  key  fits  upon  two  small  «<l^M?e^S9»^4l%'^l**at  fof 


i 
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windiac  &  watch;)  on*  of  whtoh  ii  thoim  «t  8;  while  tho  othor  li  naar  it,  hut  on  tho 
iiBi  or  ttaft  box.  These  eqiiaree  are  the  heade  of  two  email  ecrewe.  If  the 
horlaon  glaes  H  should,  ee  in  this  eketch,  (where  it  is  ahown  endwise,)  not  bo  at 
right  angles  to  the  top  U  U  of  the  box,  it  is  bronght  right  by  taming  the  sqnai*- 
hsad  8  of  the  screw  8  T ;  and  ii;  alter  being  so  far  reotifled,  it  still  Is  uot  parallel  to 
the  index-glass  when  the  xeros  coincide,  it  is  moved 
a  little  backward  or  forward  hj  the  sqoars  head 
y  at  the  side. 

To  SMyut  a  box  acxtaiit,  bring  the  two 
■eros  to  coincide  precisely ;  then  look  through  the 
eye-hole,  and  the  lower  or  nnslWered  part  of  the 
hoiiaoD^lass,  at  some  distant  ol^ect.  If  the  instru- 
msnt  is  in  adjustment,  Uie  olijlect  thus  seen  directly, 
will  coincide  precisely  with  its  reflected  image, 
seen  at  the  same  time,  at  the  same  spot.  But  if  it 
is  not  in  adjustment,  the  two  will  appear  separated 
either  hor  or  Tert,  or  both,  thus, «  *;  in  which  case 
apply  the  key  K  to  the  square-head  S :  and  by  turning  it  slightly  in  whicherer  direc- 
tion may  be  necessary,  ttul  looking  at  the  dbjjeet  and  itt  imoffe^  bring  the  two  into  a  hor 
position,  or  on  a  level  with  each  other,  thus,  •  *,  Then  apply  the  key  to  the  square- 
head in  the  side  of  the  box;  and  by  turning  it  slightly,  bring  the  two  to  coincide 
perfectly.    The  instrument  is  then  adjusted. 

In  some  instruments,  the  hor  glass  has  a  Mnffe  at  v,  to  allow  It  play  while  being 
adUwtwi  hy  the  single  screw  ST;  but  others  dispense  with  this  hinge,  and  use  Ins 
■crews  like  8  on  top  of  the  box,  in  addition  to  the  one  in  the  side. 

If  a  sextant  is  used  for  measuring  vert  angles  by  means  of  an  arillloistl 

horiBon,  the  actual  altitude  wilT  be  but  one-half  of  that  read  olT  on  the 

limb ;  because  we  then  read  at  once  both  the  actual  and  the  reflected  angle.     The 

gnat  ohiection  to  the  sextant  for  engineering  purposes,  is  that  it  does  not  measure 

angles  boriiontally,  as  the  transit  does;  unless  when  the  obeenrer,  and  the  two  ob- 

^        Jects  happen  to  be  in  the  same  hor  plane. 

'C        Thus  an  observer  with  a  sextant  at  A,  if 

H  ^^-""^^^r^^     measuring  the  angle  subtended  by  the 

P ^.^^<^''^Nj^  ^     mountain-peaks  B  and  C,  must  hold  the 

^..^-'-—'V^^^Sc^  »  graduated  plane  of  the  sextant   in  the 

,''  ,^''    ^**V^  I         plane  of  A  B  C;  and  must  actually  meas- 

^      y,,'''    •  ^"         ;  ure  the  angle  BAG;   whereas  what  he 

gfk ^^:--. '  wants  is  the  hor  angle  nAm,    This  is 

^   *»*      greater  than  BAC,  because  thedisU  An 

A  and  A  m  are  shorter  than  A  B  and  A  C. 

The  transit  giTM  the  hor  angle  n  A  m,  be- 
oanse  its  graduated  plane  is  flnt  fixed  hor  by  the  levelllng-screws :  and  the  suboe- 
quent  msesurement  of  the  angle  is  not  affected  by  his  directing  merely  the  line  of 
sight  upward,  to  any  extent,  in  order  to  fix  it  upon  B  and  G.  For  more  on  this  sub- 
ject ;  and  for  a  method  of  partially  obviating  this  ol]Jection  to  the  sextant,  see  the 
note  to  Bxample  2,  Case  4,  of  "  Trigonometry." 

Tlio  naatleol  acxtant,  used  on  ships,  is  constructed  on  the  same  principle 
as  the  box  sextant ;  and  its  adjustments  are  very  similar.  In  it,  also,  the  index* 
glass  is  permanently  fixed  by  the  maker;  and  the  horixon-glass  has  the  two  adjust- 
ments of  the  box  sextant.  It  also  has  its  dark  glasses  for  looking  at  the  son ;  and 
a  small  sight-hole,  to  be  need  when  the  telescope  is  dispensed  with. 


THE  COMPASS. 


To  Adjaal  a  CompaM. 

Tho  flmi  adjastment  is  that  of  the  bubbles.    Plant  firmly ;  and  lorel  the 

instrument,  in  any  position :  that  is,  bring  the  bubbles  to  the  centers  of  their  tubes. 
Then  turn  the  Instrument  half-way  round.  If  the  bubbles  then  remain  at  the  cen- 
ters, they  are  in  adjustment ;  but  if  not,  correct  ont-half  the  difT  in  each  bubble, 
by  means  of  the  adjusting-screws  of  the  tubes.  Level  the  Instrument  again ;  tnre 
It  half  round ;  and  if  the  bubbles  still  do  not  remain  at  the  center,  the  adjusting- 
•crews  must  be  again  moved  a  little,  so  as  to  rectify  half  the  remaining  dilT.   Oennn 
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ally  nTwral  trtela  moat  b«  thus  niAde,  until  the  bobblee  will  remain  at  the  oMtter 
vfaile  tho  oompMS  la  being  tamed  entirely  around. 

See»Bd  adjimtiiient.  Levtel  the  eompan,  and  then  tee  that  the  needle  is 
hor;  and  if  not,  make  it  ao  by  means  of  the  email  piece  of  wire  which  Is  wrapped 
aroand  it ;  aliding  the  wire  toward  the  high  end.  A  needle  thne  horlsontally  ad- 
justed at  one  plftOB,  will  not  rraudQ  ao  if  remored  far  north  or  aoath  from  that  plaoei 
If  oairled  to  the  north,  the  north  end  will  dip  down ;  and  if  to  the  aoath,  the  aoath 
and  will  do  to.    The  eliding  wire  ia  intended  to  eonnteract  thia. 

Thivd  adUostaiMit.  Thia  ia  alwaya  fixed  right  at  fliat  by  the  maker;  that 
Ii,  tha  aif^ta,  or  alita  for  aighting  through,  are  placed  at  right  angiea  to  the  oompaaa 
plafee ;  ao  that  when  the  latter  la  levelled  by  the  babblea,  the  aighta 
are  vert.  To  teat  whether  they  are  ao,  hang  np  a  plamb-line ;  and 
baTing  leveilod  the  oompaaa,  take  right  at  the  line,  and  aee  If  tha 
■iita  coincide  with  it.  If  one  or  both  alita  ahoald  proT*  to  ha 
oat  of  plumb,  aa  akown  to  an  exaggerated  extent  in  thia  aketch, 
it  iboold  be  nnacrewed  from  the  oompaaa,  and  a  portion  of  ita  foot 
on  the  hifh  aide  be  filed  or  groand  off,  aa  per  the  dotted  line ; 


«  a  teaaporary  expedient,  a  amall  wedge  may  be  ptoeed  onder  the  T" 
low  aide,  ao  aa  to  raiae  it. 


Fonrtlfe  aadjaatmeni,  to  atraigfaten  the  needle,  if  it  ahoold  become  bent 
Ibe  oompaaa  belu|f  lereUed,  and  the  needle  hor,  and  looae  on  ita  piTot,  aee  whether 


Hi  two  enda  continno  to  point  to  exactly  oppoeite  graduationa,  (that  ia,  graduationa 
19SP  apart;)  while  the  compaaa  la  tamed  completely  around.  )f  it  doea,  the  needle 
ia  atraisht;  and  ita  pin  ia  in  the  center  of  tha  graduated  circle ;  but  if  it  doea  not 


then  one  or  both  of  thaae  require  adjuating.  tint  lerel  the  compaaa.  Then  turn  It 
ontil  aome  graduation  (aay  fnP)  cornea  preeiaely  to  the  north  end  of  the  needle.  If 
the  aoath  end  doea  not  then  point  preeiaely  to  the  oppoeite  90P  diTlalon,  lift  off  the 
n«edle,  and  bend  the  pivo^pomt  until  it  doea;  remembering  that  erery  time  aaid 
point  ia  bent,  the  compaaa  muat  be  turned  a  hairabreadth  ao  aa  to  keep  the  nori/t  end 
of  the  needle  atita  90<^  mark.  Then  turn  the  oompaaa  half-way  roond,  or  until  the 
•fpmtu  9€P  mark  eomea  preeiaely  to  the  north  end  of  the  needle.  Make  a  fine  pen> 
cil  mark  where  the  toiUh  end  of  the  needle  now  pointa.  Then  take  off  the  needle, 
and  bend  it  until  ita  aouth  end  pointa  heJf-wnif  htt^ten  ita  MP  mark  and  the  pencil 
mark,  while  ita  north  end  la  kept  at  90^  by  moring  the  compaaa  round  a  hairabreadth. 
The  needle  wilt  then  be  atraight,  and  must  not  be  altered  ia  making  the  fi>Uowin| 
a4iU8tment,  although  it  will  not  yet  cut  oppoeite  degreea. 

Ftftlft  a4f  tt*<>*«nt,  of  the  piToti>in.  After  being  certain  that  the  needle  la 
atr^ht,  tarn  the  compaaa  aroand  until  a  part  ia  arriTed  at  where  the  two  enda  of  the 
needle  happen  to  not  oppoaite  degreea.  Then  turn  the  compaaa  quarter  loay  around, 
or  through  90°.  If  the  needle  then  cuta  oppoaite  degreea,  the  pirot-point  is  already 
to  adjnatment ;  but  If  the  needle  doea  not  ao  cut,  bend  the  vivol-paint  until  it  doea. 
Bepeat,  if  neceaaary,  until  the  needle  cuta  oppoaite  degreea  while  being  turned  entirely 
around. 

Oare  and  nicety  of  obaerration  are  neeeaaaiy  in  making  thaae  ac^uatmenta  properly ; 
becanae  the  entire  error  to  be  rectified  la,  in  ItaeU^a  minute  quantity ;  and  the  norioa 
ia  Terr  apt  to  increaae  bia  trouble  by  not  knowing  how  to  uae  fads  nmariiifler, 
when  looking  at  the  endof  the  needle  and  the  correaponding  graduationa.  The  mag- 
ntner  muat  alwaTB  be  held  with  ita  center  directly  over  the  point  to  be  examined ;  and 
it  moat  be  held  parallel  to  the  graduated  circle.  Otherwiae  annoying  errora  of 
MTeral  minntea  will  be  made  in  a  single  obaerTHtion ;  and  the  accumulation  of  two 
or  three  each  errors,  arising  from  a  cauae  unknown  to  him,  may  compel  him  to 
abandon  the  a^joetmenta  in  deapair.  This  auggeation  applies  also  to  the  reading  of 
angiea  taken  by  the  transit,  Ac ;  although  the  erron  are  not  then  likely  to  be  so 
great  aa  in  the  case  of  the  compass.  In  purchasing  a  magnifier  for  a  compass,  see 
that  no  part  of  it,  as  hinges,  or  riyeta,  are  made  of  iron ;  for  such  would  change  the 
diraetlon  of  the  needle. 

If  the  aight-ftlita  of  a  oompaaa  are  not  fixed  by  the  maker  in  line  with  the  two 
oppoaite  aeroa,  the  engineer  cannot  nmedj  the  defect.  Thia  can  be  aacertained  by 
paaaing  a  piece  of  fine  thread  through  the  aUta,  and  obaarring  whether  it  atauda 
predael  J  over  the  aeroa. 
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302  CONTOUB  LINEB. 

United  8t««5B,  by  Henry  Gannett,  in  17th  Annual  Report  of  U.  S.  Qeotogieal 
Survey,  1885-6. 

EIeetrielty»  either  atmoepherio,  or  excited  by  rubbing  the  glam  cover  of 
the  compasa  box,  sometimes  gives  trouble.  It  may  be  removed  by  touctung  the 
g)an  with  the  moist  tongue  or  finger. 

DEMAOHrETIZATION. 

The  needle,  if  of  90fl  metal,  sometimes  loses  part  of  its  magnetism,  and  oonae- 
quently  does  not  work  well.  It  may  be  restored  by  simply  drawing  the  north 
pole  of  a  common  magnet  (either  straight  or  horseshoe)  about  a  dosen  times,  from 
the  center  to  the  end  of  the  south  hau  of  the  needle:  and  the  south  polo,  in  the 
same  way,  along  the  north  half ;  pressing  the  magnet  gently  upon  the  needle.  After 
each  stroke,  remove  the  magnet  several  inches  from  the  needle,  while  bringing  it 
back  to  the  center  for  making  another  stroke.  Ektch  half  of  the  needle  in  turn, 
while  being  thus  operated  on,  shoiild  be  held  flat  upon  a  smooth  hard  surface. 
Sluggish  action  of  the  needle  is,  however,  more  generally  produced  by  the  dulling 
or  other  injury  of  the  point  of  the  pivot.  Remagaetising  will  throw  the  needle 
out  of  balance;  which  must  be  counteracted  by  tne  sliding  wire. 

In  order  to  prevent  mtstakee  by  readln^p  sometimes  from  one 
end,  and  sometimes  from  the  other  end  of  the  needle,  it  is  best  alvoay  to  point 
the  N  of  the  compasa-box  toward  the  object  whose  bearing  is  to  be  taken; 
and  to  read  off  from  the  north  end.of  the  needle.    This  is  also  more  accurate. 


) 


CONTOUR  LINES. 


A  COHTOUR  UNS  is  a  curved  hor  one,  every  point  in  which  represents  the  same 

level;  thus  each  of  the  contour  hues  88c.  91c,  94c,  &c,  Fig  1,  indicatee  that  every 

point  in  the  ground  through  which  it  is  traced  is  at  the  same  level;  and  that 

that  level  or  neight  is  everywhere  88,  91,  or  94  ft  above  a  certain  other  level  or 

teight  called  datum;  to  wMch  all  others  are  referred. 

Frequently  the  level  of  the  starting  point  of  a  survey  is  taken  as  bein|K  0,  or 
ero,  or  datum;  and  if  we  are  sure  of  meeting  iRith  no  points  lower  than  it,  this 
Aswers  every  purpose.  But  if  there  is  a  probability  of  man^  lower  points,  it  is 
tetter  to  assume  the  starting  point  to  be  so  far  above  a  certam  supposed  datum, 
jhat  none  of  these  lowerjpoints  shall  become  minus  quantities,  or  btlow  said  sup- 
posed datum  or  zero.  The  only  obiect  in  this  is  to  avoid  the  liability  to  error 
which  arises  when  some  of  the  levels  are  +,  or  plus;  and  some  — ,  or  minus. 
Hence  we  may  assume  the  level  of  the  starting  point  to  be  10,  100,  1000,  Ac,  ft 
above  datum,  according  to  circumstances. 

The  vert  diists  between  each  two  contour  lines  are  supposed  to  be  equal;  and 
in  railroad  surveys  through  well-known  districts,  where  tne  engineer  knows  that 
his  actual  line  of  survey  will  not  require  to  be  much  changed,  tne  dist  may  be  1 
or  2  ft  only;  and  the  lines  need  not  be  laid  down  for  widths  ^eater  than  100  or 
300  ft  on  each  side  of  his  center-stakes.  But  in  regions  of  which  the  topography 
is  comparatively  unknown;  and  where  consequently  unexpected  obstacles  may 
occur  which  require  the  line  to  be  materially  changed  for  a  considerable  dist 
back,  the  observations  should  extend  to  greater  widths;  and  for  expedition  the 
vertical  dists  apart  may  be  increased  to  3,  5,  or  oven  10  ft,  depending  on  the 
character  of  the  country,  dec.  Also,  when  a  survey  is  made  for  a  topographical 
map  of  a  State,  or  of  a  county,  vert  dists  of  5  or  10  ft  ^ill  generally  suffice. 

Let  the  line  A  B,  Fig  1,  starting  from  0,  represent  three  stations  (S  1,  8  2, 8  3,) 
of  the  center  line  of  a  railroad  survey;  and  let  the  numbers  100,  103,  101,  104, 
aloftg  that  line  denote  the  heights  at  the  stakes  above  datum,  as  determined  by 
levelling.  Then  the  use  of  the  contour  lines  is  to  show  in  the  office  what  would 
be  the  effect  of  changing  the  surveyed  center  line  A  B.  by  moving  any  part  of  it 
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totte  nght  or  left  hmad  *  Thus,  if  it  dwald  be  moved  100  ft  to  the  left,  the 
■wting  |Mnnt  O  would  be  on  ground  about  6  ft  higher  than  at  present;  inae- 
nuich  aa  lU  level  would  then  be  about  106  ft  above  datum,  instead  of  100.  Sta- 
tion 1  would  be  about  7  ft  higher,  or  110  ft  instead  of  103.  Station  2  would  be 
•hoot  7  ft  higher,  or  106  ft  instead  of  101.  If  the  line  be  thrown  to  the  right,  it 
viU  plainly  be  on  lower  ground. 

The  field  obserraL'ons  for  contour  lines  are  aomettmes  made  with  the  spirit-level; 
tet  more  fluently  oy  a  slope-man,  with  a  straight  1'2-ft  graduated  rod,  and  a  slope 
iBstnunent,  or  clinometer.    At  each  station  he  layi  his  rod  upon  the  ground,  as 


FIff.l. 

aesfly  a/  tight  angles  to  the  center  line  A  B  as  he  can  Judge  by  sye;  and  pla^iog 
the  slope  instrument  upon  It,  he  takes  the  angle  of  the  Blope  of  the  ground  to  the 
oearest  ^  of  a  degree.  He  alao  obsenrei  how  far  beyond  the  rod  the  slope  continues 
the  same ;  and  with  the  rod  he  measures  the  dist.  Then  laying  down  the  rod  at  that 
point  also,  he  takes  the  next  slope,  and  measures  its  length ;  and  so  on  as  far  ss  may 
M  Judged  neoesBsry.  His  notes  are  entered  in  Ids  field-book  aa  shown  in  Fig  2 ;  the 
Ragles  of  the  slopes  being  written  above  the  lines,  and  their  lengths  below ;  and 
■boold  be  accompanied  by  such  remarks  as  the  locality  suggests ;  such  ss  woods, 
rocks,  marph.  sanid,  field,  garden,  across  small  run,  Ac,  Ac. 


•  la  tbu  ulaff  the  vorda  right  And  left  «•  are  rappdaed  to  baT*  oar  baoka  Urnad  to  the  ■Urtlof 

point  of  the  survey.  Ib  a  rlTer,  the  rtffbt  bank  or  shore  Is  that  which 
IS  on  the  right  hand  as  we  deiieeiid  It,  that  is,  In  speaking  of  its  right  or  lefl 
baak.  w  ara  aappooel  to  have  ow  booka  toraad  tswarda  lu  hmi,  or  origio ;  mad  w  with  a  anrray 
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It  18  not  abflolntely  neceiaary  to  repreeeot  the  slopes  rougUy  In  the  field-book,  •• 
In  Fig  2;  for  by  using  the  sign  +  to  signify  "up;"  —  •^down;"  and  =  "lerel,'* 
the  slopes  may  be  writ- 


~'%^ 


I 


ten  in  a  straight  line, 
as  in  Fig  2>^ 

The  notes  having  been 
taken,  the  preparation 
of  the  cuntour  lines  by 
means  of  them,  is  of 
course  office-work;  and 
is  usually  done  at  the 
<!ame  time  as  the  draw- 
ing of  the  map,  &c.  The 
fleld  observations  at  each 
station  are  then  sepa- 
rately drawn  by  protrac- 
tor and  scale,  as  shown 
in  Fig  3  for  the  starting 
point  0.  The  scale  should  not  be  less  than  about  -fj  inch  to  a  ft,  if  anything  like 
accuracy  is  aimed  at.  Suppose  that  at  said  station  the  slopes  to  the  right,  taken  in 
their  order,  are.  as  in  Fig  2,  15<>,  49,  and  26° ;  and  those  to  the  left,  20°,  10»,  and  leP ; 
and  their  lengths  as  in  the  same  Fig.  Draw  a  hor  line  Ao,  Fig  3;  and  consider  the 
center  of  it  to  bo  the  station-stake.  From  this  point  as  a  center,  lay  off  these  angle* 
with  a  protractor,  as  shown  on  tho  arcs  in  Fig  3.  Then  beginning  say  on  the  right 
hand,  with  a  parallel  ruler  draw  the  first  dist  a  c,  at  its  proper  slope  of  16° ;  and  of 
its  proper  length,  45  ft,  by  scale.  Then  the  same  with  e  y  and  pt  Do  the  same  with 
those  on  the  left  hand.  We  then  have  a  crou-^ection  of  the  ground  at  Sta  0.  Then 
on  the  map,  as  in  Fig  1,  draw  a  line  as  m  n,  or  A  to,  at  right  angles  to  the  line  of  road, 
and  passing  through  th  3  station-stake.  On  this  line  lay  down  the  hor  dlsts  a  d,  d  «, «  r, 
ae,eg,gk,  marking  them  with  a  small  star,  as  is  done  and  lettered  in  Fig  1,  at  Sta  O. 

When  extreme  accuracy  is  pretended  to,  these  hor  dists  must  be  found  bv  measure 
on  Fig  3;  but  as  a  general  rule  it  will  be  near  enough,  when  the  slopes  do  not  ex- 
ceed 10°,  to  aMume  them  to  be  the  same  as  the  sloping  dists  measured  in  the  fleld. 
Next  ascertain  how  high  each  of  the  points  c  y  ^  n  »  is  above  datum.  Thus,  measure 
by  scale  the  vert  dist  dc.  Suppose  it  is  found  to  be  6  ft ;  or  in  other  words,  that  o 
Is  5  ft  below  statioU'Stake  0.  Then  since  tho  level  at  stake  O  is  100  ft  above  datnm, 
that  at  c  must  be  5  ft  Itti,  or  100  —  5  =  95  ft  above  datum ;  which  may  be  marked  in 
light  lead-pencil  figures  on  the  map,  as  at  d.  Fig  1.  Next  for  the  point  y,  soppose 
we  find  «  y  to  be  11  ft,  or  y  to  be  11  ft  below  stake  0 ;  then  its  height  above  datum 
must  be  100  —  11  =  89:  which  also  write  in  pencil,  as  at  «.    Proceed  in  the  i 


way  with  t.    Next  going  to  the  left  hand  of  the  station-stake,  we  find  e  I  to  be  say 
2ft;  but  He  abort  the  level  of  the  station-Mtake,  therefore  its  height  above  datum  !■ 
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100  +  2  a  102  ft,  as  figured  at  e  on  the  map.  Let  n^  be  5  ft;  then  is  n,  100  +  5  »> 
105  ft  above  datum,  as  marked  at  a ;  and  so  on  at  each  station.  When  this  has  been 
done  at  several  stations,  we  may  draw  in  the  contour  lines  of  that  portion  by  hand 
thus:  Suppose  they  are  to  represent  vert  heights  of  3  ft.  Beginning  at  Station  0 
(of  which  the  height  above  datum  is  lOO  ft)  to  lay  down  a  contour  line  103  ft  above 
datum,  we  see  at  once  that  the  height  of  103  ft  must  be  at  /,  or  at  14  the  dist  from  « 
tog.  Make  a  light  lead-pencil  dot  at  t\  and  then  go  to  the  next  Station  1.  Here 
we  see  that  the  height  of  103  ft  coincides  with  the  station-stake  itself;  place  a  dot 
there,  and  go  to  Sta  2.    The  level  at  this  stake  is  101 ;  therefore,  the  contour  for  109 
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R  mart  OTidenily  be  2  ft  higher,  or  ft»  tf,  ^  or  the  4tet  from  Bte  2  to +104 ;  thfltefliM 
makeadotati.  Theagoto8ta&  Here  the  tovel  being  IM  above  datum,  the  oon- 
toiiroriOSmast  beaty.oriof  thedifltfromStaSto  +99 ;  pnt  a  dot  at  y.  Finally 
dzav  by  hand  a  carving  line  throogh  t,  81,  i,  and  y ;  and  the  contour  line  of  108  it 
is  done.  All  the  others  are  prepared  in  the  same  way,  one  by  one.  The  level  of  each 
most  be  figured  npon  it  at  short  Intervals  along  the  map,  as  at  103  c,  106  c,  Ac 

Or,  instead  of  first  placing  the  +  points  on  the  map,  to  denote  the  slope  dists  actu- 
ally meMured  upon  the  ground,  we  may  at  once,  and  with  less  trouble,  find  and  show 
thoae  only  which  represent  the  points  <,  8 1, »,  y,  4c,  of  the  contours  themselves. 
Thus,  say  that  at  any  given  station-stake,  Fig  4,  the  level  is  104;  that  the  cross-sec- 
tion esof  the  ground  has  been  prepared  as  before ;  and  thnt  we  want  the  hor  dista 
from  tiie  stake,  to  contour  lines  for  94^  07, 100  ft,  Ac,  8  ft  apart  vert. 


Draw  a  rert  line  v  iy  through  the  station-stake,  and  on  It  by  scale  mark  levels 
ef  94,  97,  100,  Ac.  ft.  This  is  readily  done,  inasmuch  as  we  have  the  level  104  of 
the  stake  already  given.  Through  these  levels  draw  the  hor  lines  a.  h,  m,  n,  Ac. 
to  the  ground-elopes.  Then  these  lines,  measured  by  the  scale,  plainly  give  the 
Tequired  dists. 

When  the  ground  is  very  irregular  transversely,  the  cross-sections  must  be 
takeu  in  the  field  nearer  together  than  100  ft.  The  preparation  of  contour  lines 
will  be  greatly  facilitated  by  the  use  of  paper  ruled  into  small  squares  of  not  less 
than  about  f^  inch  to  a  side,  for  drawing  the  cross-sections  upon. 

When  the  ground  is  very  steep,  it  is  usual  to  shade  such  portions  of  the  map  to 
represent  bill-side.  The  cloeer  together  the  contours  come,  the  steeper  of  course 
is  the  ground  between  them  ;  and  the  shading  should  be  proportionally  darker 
at  such  portions.    But  for  u/orking  maps  it  is  best  to  omit  the  shading. 

In  surveys  of  wide  districts,  the  transit  instrument  with  a  graduated  vertical 
ifrcle  or  arc,  ^,  p.  291,  is  used  for  measuring  the  angles  of  slope,  instead  of 
the  common  slope-instrument. 

In  many  cases,  notes  similar  to  the  following  will  serve  the  purpose  of  contour 
lines  on  railroad  surveys. 

8te  60. LIB.    +  S.  1  L. 

CI +  2.  2  R.    —  I.  S  L. 

tt =s  1.  S.    +  4. 3  L. 

<S " 

▼bfek  meaiia  that  at  •tatloo  90,  the  slope  of  the  yroaod  on  the  ri^ht,  m  oesrly  u  he  ean  Judge  br 
•70,  or  by  hlB  hMid-lorel.  fa  ebeat  8  ft  aevnward,  for  1  obala,  or  100  ft ;  and  on  tb«  left,  about  3  n 
1  ta  1  ekaln.    At  61. 3  ft  up,  in  3  ehmlna  to  the  right;  and  1  ft  down  In  S  ehalnt  to  tho  left. 


i 


At  O.  levol  for  1  ohaia  to  the  right:  and  aaoeodtng  4  ft  In  3  ohalna  to  the  left.    At  68,  the  il 

6L  At  Mine  apoU  It  will  be  waU  to  add  a  akatoh  of  a  oroM-oooiton,  like  Fig  2 ;  onl  j.  lottead  of  the 
aaglea,  use  ft  of  riae  or  Ml,  to  indicate  the  alopea,  aa  Judged  bj  eye,  or  by  a  haod-lerel.  By  this 
■ethod,  the  reaalt  at  erery  atetlon  will  be  somewhat  In  error ;  but  these  small  errors  wfll  balanee 
aseh  ether  so  nearty  that  the  total  may  be  regarded  as  sniBolently  eorreot  for  all  the  porpoaos  of  a 
prellatauy  eatiaate  of  the  east  ef  a  road.  When  the  final  stakea  for  guiding  the  workmaa  a>n 
plased,  the  Slepea  ahonld  be  eaiefhUy  taken,  la  order  to  ealenlaie  the  qnaadty  of  esoaTstloa  aoeo- 
vatetyfbrpayweai. 


Digitized  by  CiOOg  IC 


3U6 


TBB  LBVBk 


THE  LEVEL 

Althouoh  the  lerels  of  different  makera  Taij  somewhat  In  their  detalli,ttll1  thefi 
principal  parts  will  be  understood  from  the  following  flgnre.  The  telescope  T  T 
rests  upon  two  supports  YT,  called  Ts ;  out  of  which  it  can  be  lifted,  first  remoTing 
the  pins  s  s  which  confine  the  semicircular  cHm  s  %  and  then  opening  the  cUpoL 
The  pins  should  be  tied  to  the  Ys,  bj  pieces  or  string,  to  prerent  their  beine  kMt^ 
— .      ...    ^..      ...    .      o,  is  moTed  backward  or  forward  by  a  rack  and  pinion. 


The  Uide  of  the    . 
by  means  of  the  mill 


I  head  A.  The  slide  of  the  etfe-glan  £L  is  moved  in  the  same 


way  by  the  milled  head  e.    A  cylindrical  tube  of  brass,  called  a  sAode,  is  nsually 
furnisned  with  each  level.    It  is  intended  to  be  slid  on  to  the  ot^ect-end  O  of  the 


ring  is  another,  inside  of  the  teleecope,  and  which  has  stretched  across  it  two 
spiaer-webs,  usually  called  the  cross-haibs.  These  are  much  finer  than  they  ap- 
pear to  be,  being  considerably  magnified.  They  are  at  right  anf^  to  each  other ; 
and,  in  levelling,  one  is  kept  vert,  and  the  other  hor.  They  are  liable  at  times  to  be 


) 


iTown  out  of  this  position  by  a  partial  revolution  of  the  telescope,  when  carrying 
de  level,  or  when  setting  the  tripod  down  suddenly  upon  the  ground ;  but  since,  in 
levelling,  the  inUxHetUm  of  the  hairs  is  directed  to  the  target-rod,  this  derangement 
does  not  affect  the  accuracy  of  the  work.  Still  it  is  well  to  keep  them  noauny  vert 
and  hor,  by  keeping  the  bubblb-tubs  D  D  as  nearly  directly  over  the  bar  Y  9  as  can 
be  Judged  by  eye.  This  euables  the  leveller  to  see  that  the  rod-nun  holds  his  rod 
nearly  vert,  which  is  absolutely  essential  for  correct  levelling.  1/  peifisct  vertkality 
is  desired,  as  is  sometimes  the  case,  when  staking  out  work,  It  may  be  obtained  {if 
thtt  ingtrummt  u  in  perfect  adjustments  and  levelUd)  by  sighting  at  a  plumb-line,  or 
other  vert  otject,  and  then  turning  the  telescope  a  little  in  its  Ys,  so  as  to  briag  the 
hair  to  correspond.  When  this  is  done,  a  short  continuous  scratch  may  be  mads  on 
Hie  teleMope  and  T,  to  sare  that  trooblein  future. 

The  small  holes  around  the  heads  of  the  4  small  capstan-screws  p,  {,  Just  refened  U^ 
are  ft>r  admitting  the  end  of  a  small  steel  pin.  or  lerer,  for  taming  them.  If  flnt 
the  upper  screw  p  be  loosened,  and  then  the  lower  one  tightened,  the  Interior  rln« 
will  be  lowered,  and  the  horisontal  hair  with  It.    But  on  looking  through  the  tel» 
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aeopa  thmj  will  appmr  to  Im  niatd.  If  first  th«  lower  om  Im  looMii«d,  and  th« 
aoe  tisfatoaod,  the  hor  hair  will  be  actoallj  imliad,  bat  ftpparently  lowered,  t 
iecMam  the  gTn—witiii  the  eye-fiieoe  B  rererM  the  apparent  poaltion  of  objecti  t 
J  the  telescope ;  which  effect  is  obriated,  as  regu^  exterior  objects,  by  mea 
ttie  ol^ject-ijbss  O.  This  most  be  remembered  when  M^osting  the  cross^halrs ;  f< 
hair  appears  to  strike  too  high,  it  mast  be  raised  stIU  higher;  If  it  appears 
already  too  Ihr  to  the  right  or  left,  it  must  be  actually  moved  still  mors  in  the 
4irectk>n. 
This  remark,  however,  does  not  apply  to  taleseopes  which  make  objects  at 


There  la  no  dangM*  of  iiijniBg  the  hairs  by  these  motions,  inasmach  as  th< 
screw*  act  against  the  ring  only,  and  do  not  oome  in  contact  with  the  hairs  i 
selves. 

Under  the  telescope  is  the  auBBUhmi  I>  D.  One  end  of  this  tube  can  be  raii 
leweted  slightly  by  means  of  the  two  ca|/stan-headed  nuts  n  n,  one  of  which 
fee  looasped  before  the  other  is  tif^tened.  On  top  of  the  babbls'tube  are  sen 
fer  sitowing  when  the  bobble  is  oential  in  the  tnbe.  Treqoently  these  scratch 
narks,  are  made  on  a  strip  of  brass  placed  above  the  tube,  as  in  our  fig.  Thei 
several  a€  them,  to  allow  lor  the  lengthening  or  shortening  of  the  bobble  by  rhi 
of  tempezmtme.  At  the  other  end  of  the  bubble-tube  are  two  small  capstan-sc 
^eoed  oo  opposite  sides  horisontally.  The  circular  bead  of  one  of  them  is  a 
near  I.  By  means  of  these  two  screws,  that  end  of  the  tnbe  can  be  slightly  o 
hor,  or  to  right  or  left.  Under  the  bubble-tube  is  the  bab  Y  P  ;  at  one  end  of  n 
as  at  ▼.axe  two  large  capstaa-nnts  w  w,  whidi  operate  upon  a  stout  interior  i 
which  forms  a  proloogatiom  of  the  T.  The  holes  in  these  nuts  are  larger  tha 
ethera,  as  they  require  a  lazver  lever  fbr  turaing  them.  If  the  lower  nut  is  loo 
sad  the  upper  one  tightened,  the  Y  above  is  raised ;  and  that  end  of  the  tele 
becontes  ftother  removed  from  the  bar;  and  vice  versa.  Some  makers  place  a  si 
screw  and  nots  under  both  Ys;  while  others  dispense  with  the  nuts  entirol) 
sabstitnte  beneath  one  end  of  the  bar  a  large  circular  milled  head,  to  be  turn < 
the  fiogeia.  This,  howev<sr,  is  exposed  to  socidental  alteration,  which  shou 
Bvr4ded. 

When  the  portions  tbora  m  m  pat  upon  m.  and  fhstened  br  tha  screw 
the  vpper  part  may  be  swung  itmnd  hor,  in  either  direction,  by  loosenin 
w  H;  ( •-  — "' •- "--"  *--  -''--—'--  -^ ^ 


, ;  or  soeh  motion  may  be  prevented  by  tightening  thate 

It  fkequentlT  happens,  after  the  telescope  has  been  sighted  very  nearly  up< 
olgect,  and  then  clamped  by  H,  that  we  wish  to  bring  the  cross-hairs  to  coi 
more  prectoely  with  the  ohfset  ihaii  we  can  readily  do  by  turning  the  telesoc 
hand;  and  in  this  case  we  use  the  tanfrent-screw  5,  by  means  of  wL 
■itofct  hot  steady  motion  may  be  given  after  the  instrument  is  clamped. 


fujjer  remarks  on  the  clamp  and  tangent-screws,  see  "Transit." 

The  parallel  plates  in  and  S  are  operated  bv  four  levell      _ 
three  of  which  are  seen  in  the  figure,  at  K  K.    The  screws  work  in  socko 


which,  as  well  as  the  screwy  extend  above  the  upper  plate.  When  the  inatru 
Is  placed  on  the  ground  for  levelling,  it  is  well  to  set  it  so  that  the  lower  pa 
plate  S  shall  be  as  nearly  horiaontal  as  can  be  roughly  Judged  by  eye ;  in 
td  avoid  much  turning  of  the  levelling  screws  K  K  in  making  the  upper 
SI  hor.  The  lower  plate  S,  and  the  brass  parts  below  It,  are  together  cnlle 
tripad-lMSMi  %  and,  in  connection  with  three  wooden  legs  Q  Q  Q,  coni: 
the  tripod.  In  the  figure  are  seen  the  heads  of  wing-nuts  J  which  confix i 
legs  to  the  tripod-heaid.  Under  the  center  of  the  trlpod-head  should  alwi 
pteeed  a  small  ring,  ftom  which  a  plumb-bob  may  be  suspended.  This 
needed  in  ordinary  levelling,  bat  becomes  useful  when  ranging  center-eUk  i 

To  a^iMt  a  I<ewel. 

This  is  a  quite  simpis  ^iteration,  bnt  requires  a  little  patience.    Be  earef^il  t 
ttrmimimff  anv  of  the  acrews.    The  large  X  nuts  to  to  sometimes  require  some  1  < 
tiart  tlMim;  but  it  should  be  applied  by  pressure,  and  not  by  blows.    Before  : 
Cing  to  at^nst,  attend  to  thso^fsct^laas,  as  directed  in  the  first  sentence  and  i 
aiUBSt  a  plain  transit.*' 
Three  a<Uastment8  are  necessary ;  a«uf  mutt  le  made  in  GufoUowing  order  i 
Fivat,  that  af  tlia  eroM-baIrs;  to  secure  that  their  Intersectlc 
eoottnwe  to  strike  the  same  point  of  a  distant  ot^ject,  while  the  telescope  I 
toned  round  a  complele  revolntlon  in  its  Ts.    This  is  called  adjusting  tt 
•r  eoUlaurtlaa,  or  sometimes,  ths  ttns  ^  wight ;  but  it  is  not  strictly 
of  sight  vntU  ail  the  a4)astments  are  finished ;  ibr  until  then,  the  line  of  col] 
will  not  senre  for  taking  levelling  sights.     If  ar—  lialia  1braaiK«  se    i 
»tkat  af  tlM  iMiMbla-tiiba  D IMo plaos tt paiaUel  to 
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•f  tiolllmatloD.  preTtowty  a^ted;  to  that  when  the  hobble  stoBii  at  the  eentra  of 
ito  tube,  indicating  that  it  is  leTel,  we  know  that  onr  eight  through  the  teleioope  ta 
hor.    To  replace  broken  bubble  tube,  see  p  296. 

Third,  that  of  the  Ts,  by  which  the  teleeoope  and  bnbble-tnbe  are  mipported; 
«o  that  the  bubbltf-tnbe,  and  line  of  sight,  shall  be  perp  to  the  Tert  axle  of  the  instru- 
ment; so  as  to  remain  hor  while  the  teleec<^  is  pointed  to  oli||ecti  in  diff  dlrectiona, 
as  when  taking  back  and  fore  sights. 

To  make  the  flrat  adjnstmentt  or  that  of  the  cross-hairs,  plant  th« 
tripod >(rm£y  open  the  ground.  In  this  adjustment  it  is  not  necessary  to  leTsI  th« 
instrument.  €^en  the  clips  of  the  Ts;  unclamp;  draw  out  the  ere-glass  B,  antQ 
the  crosa-hairs  are  seen  jwi/ecfiy  dear;  sight  the  teleeoope  toward  some  clear  dis- 
tant point  of  an  object;  or  still  better,  toward  some  straight  line,  whether  rert  or 
not.  More  the  object-srlass  O,  by  means  of  the  milled  head  A,  so  that  the  otj^ct  shall 
be  clearly  seen,  withoiit  parallax^  that  is,  wlthont  any  apparent  dancing 
about  of  the  croes-hairs,  if  the  eye  is  moved  a  little  up  or  down  or  stdewaya.  To 
secure  this,  the  object-glass  alone  is  mored  to  suit  different  distanoes;  the  eye-glaM 
is  not  to  be  changed  after  it  is  once  properly  fixed  upon  the  crosa-hain.  The  neglect 
of  parallax  is  a  source  of  fluent  errors  in  levelling.  Clamp  f  and,  by  means  <a  the 
tangent^crew  6,  bring  either  one  of  the  croes-hairs  to  coincide  preeitdy  with  the 
object  Then  gently,  and  without  Jarring,  revolve  the  telescope  halfway  round  in 
its  Ys.  When  this  u  done,  if  the  hair  still  coincides  precisely  with  the  object,  it  U 
in  adjustment ;  and  we  proceed  to  try  the  other  hair.  But  if  it  does  not  ooincide» 
then  oy  means  of  the  4  Miewsp,  <,  move  the  ring  which  carries  the  haira^  so  as  to 
rectify,  as  nearly  as  can  be  Judged  by  eye,  only  one-Aof^of  the  error;  remembering 
that  the  ring  must  be  moved  in  the  direction  opposite  to  what  of^Mars  to  be  tho 
right  one ;  unless  the  telescope  is  an  inverting  one.  Then  turn  the  telescope  back 
again  to  Its  former  position :  and  agatu  by  the  tangent-screw  bring  the  oroes-hair  to 
coincide  with  the  ofad^ct.  Then  again  turn  the  telescope  half-way  round  as  before. 
The  hair  will  now  be  found  to  be  more  nearly  in  its  right  place,  but.  in  all  probabil- 
ity, not  precisely  so ;  inasmuch  as  it  Is  difficult  to  estimate  one-half  the  error  accii> 
rately  by  eye.  Therefore  a  little  more  alteration  of  the  ring  must  be  made;  and  U 
may  be  necessary  to  repeat  the  operation  several  times,  before  the  adUnstment  la 
perfect.  Afterward  treat  the  other  hair  in  precisely  the  same  manner.  When  both 
are  a4Ju8ted,  their  intersection  will  strike  the  same  precise  spot  while  the  telescope 
is  being  turned  entirely  round  in  its  Ts.  This  must  be  tried  before  the  adUustmenl 
can  be  pronounced  perfect;  because  at  times  the  adjustment  of  the  second  hair 
slightly  deranges  that  of  the  first  one;  especially  if  both  were  much  out  in  the  bo 
ginning. 

To  make  the  leeond  a^Jnstmeiit,  or  to  place  Ihe  bubble-tabs  pamlW 
to  the  line  of  ooUimatlon.    This  consists  of  two  dis- 
tinct adjustments,  one  vert,  and  one  hor.    The  first 
of  these  is  effected  by  means  of  the  two  nuts  a  n  on 

tie  vert  screw  at  one  end  of  the  tube ;  and  the  second 

y  the  two  hor  screws  at  the  other  end,  t,  bf  the  tube. 

ooking  at  the  bubble-tube  endwise,  from  t  in  the 

>regoiDg  Fig,  its  two  hor  adjust! ng*ecrews  1 1  ara 

sen  as  m  this  sketch.  The  larger  capstan-headed 
nut  heUno^  has  nothing  to  do  with  the  adjustments; 
it  merely  holds  the  end  of  the  tube  in  Its  place. 

To  make  the  vert  adiustment  of  the  bubble-tube,  by  means  of  the  two  nuts  nn.  Place 
the  telescope  over  a  diagonal  pair  of  the  levelling-screws  K  K :  and  clamp  it  there. 
Open  the  clips  of  the  Ys ;  and  by  means  of  the  levelling-ecrews  bring  the  babble  to 
the  center  of  its  tube.  Lift  the  telescope  gently  out  of  the  Ys,  turn  it  end  for  end,  and 
put  it  back  again  in  its  reversed  position.  This  being  done,  If  the  bubble  still  remains 
at  the  center  of  its  tube,  this  adjustment  is  in  order ;  but  if  it  moves  toward  one  end, 
that  end  is  too  high,  and  must  be  lowered ;  or  else  the  other  end  most  be  raised. 
First,  correct  haif  the  error  by  means  of  the  levelUng-serews  K  K,  and  then  the  rs- 
maining  half  by  means  of  the  two  small  capstan-hesided  nuts  n  n.  To  rote  tiie  end 
«,  first  uwsen  the  upper  not  aud  then  tighten  the  lower  one ;  to  do  which,  torn  eadi 
nut  so  that  the  nsor  side  moves  toward  your  right.  To  lower  it,  first  loosen  the  lowei 
nut,  then  tighten  the  upper  one,  moving  the  iMor  side  of  each  nut  toward  yoar  10. 
Having  thus  brought  the  bubble  to  the  middle  again,  again  lift  the  telescope  out  of 
Its  Ys;  turn  it  end  for  end,  and  replace  it.  The  babble  will  now  settle  nearer  thf 
center  than  it  did  before,  but  will  probably  require  still  fhrther  a4Justmsnt  If  so, 
correct  kaJf  the  remaining  error  by  the  levelling^crews,  and  half  by  the  nuti,  as  be> 
fore;  and  so  continue  to  repeat  the  operation  antll  the  babble  remains  at  the  cenisi 
In  both  positions.  For  another  method,  see  **  To  adjust  the  long  bubble-tube,*'  p  29& 
Horiiontal  adjustmsnt  of  bubble-tube;  to  see  that  Its  axis  is  in  the  sams  plane 
with  that  of  the  telssoope,  as  It  usually  Is  In  new  Instrnmenls.    It  is  not  sMlly  do 


place  the  babble-tahs  pamlk 
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lufed,  eacospt  bj  Uowb.  Ban  the  biil)b]»4abe,  m  nearly  m  hmj  be,  directly  nnder 
dw  tetaeope,  or  over  the  center  of  the  bar  Y  F.  Bring  the  telescope  over  two  of  the 
l^veUiog-ecrewB  K  K;  damp  it  ttiere;  center  the  bubble  with  aala  acrews;  turn  the 
telooope  in  its  Ta*  say  about  W  inch,  bringing  the  bubble-tube  out  from  over  tlie 
eeoter  of  the  bar,  firet  on  one  riae,  then  on  the  other.  If  the  bubble  stays  centered 
vlule  so  swuns  out,  this  adjuatment  is  correct  If  it  runs  toward  oppotUe  ends  of  its 
tobe  wlien  swung  oat  on  opposite  sides  of  the  center,  moTe  the  end  I  of  the  tube  by 
the  two  boriaontal  screws  1 1  until  the  bubble  stays  centered  when  the  tube  is  swung 
oot  on  eitlur  aide.  If  the  bubble  runs  toward  the  tame  end  of  its  tube  on  both  $ideit, 
the  tube  is  nut  truly  cylindrical,  but  slightly  conical,*  so  that  if  the  telescope  is 
turned  in  its  Ta  the  bubble  will  leave  the  center,  even  when  the  horizontal  s4|u8t- 
ia«nt  is  correct.  It  is  known  to  be  correct,  in  such  tubes,  if  ttie  bubble  runs  the  eame 
dximee  bom  the  center  when  swung  out  the  same  distance  on  each  side. 

Having  made  the  horiaontal  adjustment,  turn  the  telescope  back  In  its  Ts  until  tho 
trabble-tabe  is  over  the  bar.  Bepeat  the  verUeal  adjustment  (p  806),  which  may  have 
become  deraosed  in  making  this  horiaontal  one.  Persevere  until  both  a^justmentJ 
sn  fflTiTHJ  to  bo  correct  at  the  same  time. 

Tm  nuke  tMtm  third  MUnatmeni,  or  to  a<Uust  the  heights  of  the  Ts,  so 
M  to  make  the  line  of  oollimation  parallel  to  the  bar  V  F,  or  perp  to  the  vert  axis 
of  the  inatnunent.  The  other  a^Jnstmenta  being  made,  fiwten  down  the  clips  of  the 
ITs.  Make  the  instrument  nearly  level  by  means  of  all  four  of  the  levelHng-screws 
K.  Place  the  telescope  over  two  of  the  levelling-serews  which  stand  diagonally ; 
■od  leave  it  there  nnelamped.  Then  bring  the  bubble  to  the  center  of  its  tube,  by 
the  two  levelling-eorews.  Swing  the  upper  part  of  the  instrument  half-way  around, 
«o  that  ti&e  telescope  shall  again  stand  over  the  same  two  screws;  but  end  for  end. 
This  done,  if  the  babble  leaves  the  center,  bring  it  hay-way  back  by  the  large  cap- 
nuk  nata  «cr,  w;  and  the  other  half  by  the  two  levelling-serews.  Remember  that  to 
raise  tha  T,  and  the  end  of  the  bubble  over  w,  w,  the  lower  «o  must  be  loosened ;  and 
the  upper  one  tightened ;  and  vice  versa.  Now  place  the  telescope  over  the  other 
diagonal  pair  of  levelling-serewB;  and  repeat  tl^  whole  operation  with  them.  Hav- 
ing completed  it,  again  toy  with  the  first  pair;  and  so  keep  on  until  the  bubble  re- 
mains at  the  center  of  its  tube,  in  every  position  of  the  telescope. 

Cnreet  tovelUng  may  be  performed  even  if  all  the  forogoing  adjustments  are 
-mt  of  Older;  provided  each  f(»«*flight  be  taken  ai  prtdaely  the  eame  distance  from 
Jit  tiiifi  mmrnt  as  the  back-tighi  is.  But  a  good  k^veller  will  keep  his  instrument  always 
In  adjustment;  and  will  test  the  adjustment?  at  least  once  a  day  when  at  work.  As 
much,  however,  depends  upon  the  rodman,  or  target-man,  as  upon  the  leveller.  A  rod- 
man  who  is  careless  about  holding  the  rod  vert,  or  about  reading  the  sights  correctly 
Oionld  be  discharged  without  mercy. 

The  levelling-flcrews  in  many  instruments  become  very  hard  to  turn  if  dirty.  Clean 
ritb  water  and  a  tooth-brush.    Use  no  oil  on  field  instruments. 

ForaM  for  !«▼«!  note-boolu*  When  the  distance  is  short,  so  as  not  to 
tsqoiTa  two  sets  of  books,  the  following  is  perhaps  as  good  as  any. 

I£ho1|^1|.SS.|  »••  |i-^|«»*.|  Cut.  I  ML  I 

Bat  on  pnblie  works  generally  the  original  field-books  have  only  the  first  five  ools. 
After  the  grades  have  been  determined  by  means  of  the  profile  drawn  from  these, 
the  resolta  are  placed  in  another  book,  which  has  only  the  firet  col  and  the  last  four. 
In  both  cases,  the  right-hand  page  is  reserved  for  memoranda.  The  writer  considera 
it  beat,  both  with  the  level  and  with  the  transit,  to  consider  the  term  "  Station  '*  to 
Apply  to  the  whole  dist  between  two  consecutive  stakes ;  and  that  its  number  shall 
be  that  written  on  the  last  stake.  Thus,  vrith  the  transit.  Station  6  means  the  diet 
from  stake  5  to  stake  6;  that  it  has  a  bearing  at  course  of  so  and  so;  and  its  length 
is  so  and  so.  And  with  the  level.  Station  6  also  means  the  dist  from  stake  5  to  stake 
0 ;  the  back-sight  for  that  dist  being  taken  at  stake  5,  and  the  fore-eight  on  stake 
6;  aad  that  the  lerel,  grade,  cut,  or  fill  is  that  at  stake  6.  The  starting-point  of  the 
sorrey,  whether  a  stake,  or  any  tiling  else,  we  call  and  mark  simply  0. 

*  This  defect  can  be  remedied  only  by  removing  the  tube  and  inserting  a  correctly- 
fhepjMt  one,  and  this  is  best  done  by  an  instrumenl-maker;  but  correct  work  can 
be  done  in  spite  of  it,  thus:  Make  ul  the  adjustments  as  nearly  correct  as  possible. 
LeTel  the  instrument.  By  turning  the  telescope  in  its  Ts,  make  the  vertical  hair 
eoincide  vrith  a  plumb-line  or  other  vertical  line,  and  make  a  short  continuous  knife- 
sciatcfa  on  the  collar  nearest  the  object-glass,  simI  on  the  adjoining  T.    Lift  the  tele- 


scope out  of  its  Ts,  tnm  it  end  for  end,  raplitoe  it  in  its  Ts ;  again  bring  the  uprisht 
hair  rertfcal,  and  make  on  the  other  T  a  scratch  coinciding  with  that  on  the  collar. 

"~         -'-" — ^ " '^•--^ ''-e  scratch  on  the  collar  ""' — '""" 

I  under  the  telescope. 


{ 


Then,  in  levelling  or  in  adjusting,  always  see  that  the  scratch  on  the  collar  coincides 
^tn  ihat  on  thea^Jolnittg  I  when  the  bubUa-tnbe  is  i 
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This  Terr  nseftil  little  Instrnment,  as  arran^  by  ProfeflK>r  Locke,  of  Cincinnati,  l« 
Init  about  flvo  or  six  inches  long.  Simply  holding  it  In  one  hand,  and  looking  throach 
It  in  any  direction,  we  can  ascertain  at  once,  approximately,  what  objects  are  at  the 
tame  level  with  the  eye.  B  is  the  eye  end :  and  0  the  oMect  end.  L  is  a  am*!! 
lerel,  enclosed  in  a  kind  of  brass  boxing  t  g,  the  bottom  of  which  is  open,  with  a  cor> 
responding  opening  under  it,  through  the  top  of  the  main  tube  B  O.  Immediately 
at  the  bottom  of  the  small  level  L,  is  a  cross-wire,  stretched  across  said  opening,  and 
carried  by  n  small  plate,  which,  for  a4Ju8ting  the  wire,  can  be  pushed  backward  a 
trifle  by  tightening  the  screw  t,  or  pushed  forward  by  a  small  spring  within  the  box- 
ing, near  g,  when  the  screw  t  is  loosened.  At  la  Is  a  small  semicircular  mirror  a  a, 
silTered  on  the  hack  m.  This  is  placed  at  an  angle  of  45^,  and  ooenpies  ooe-half  the 
width  of  the  tube  B  O.  Through  the  forementioned  openings,  the  images  of  the 
cross-wire  and  of  the  leTel-bubble  are  reflected  down  on  the  unsiWered  face  a  a  of 
the  mirror,  and  thence  to  the  eye,  as  shown  by  the  single  dotted  lines  e  and  w;  and 
when  the  instrument  is  atUusted,  and  held  lerel,  the  wire  will  appear  to  be  at  tha 
center  of  the  bubble.  At  ft  is  one-half  of  a  plano-convex  lens,  at  the  inner  end  of  a 
short  tube  k  p,  which  may  be  moved  backward  or  forward  by  a  pin  a,  projecting 
through  a  short  slit  in  the  main  tube.  By  this  means  the  image  of  the  cross-wire  is 
rendered  distinct ;  and  the  half  lens  must  be  moved  until,  when  viewing  an  ob|ect, 
Che  wire  shall  show  no  parallax;  bat  appear  stsady  against  the  obtl^ct  when  the  f 
Is  slightly  moved  up  or  down.  At  each  end  of  the  tube  B  O  Is  a  dreolar  piece  of 
plain  glass  for  excluding  dust. 

To  a<Uiuit  tlie  lUknd-leTOl,  first  fix  two  precisely  level  marks,  say  fh>m 
50  feet  to  100  yards  apart.  This  being  done,  rest  the  instrument  against  one  of  the 
level  marks,  and  take  sight  at  the  other.  If,  then,  the  wire  does  not  appear  to  be 
precisely  at  the  center  of  the  bubble,  move  it  slightly  backward  or  forward,  as  the 


case  may  be,  by  the  screw  (,  until  it  does  so  appear. 

The  two  level  marks  mav  be  fixed  by  means  of  the 

%nd-level  itself,  even  if  it  is  entirely  out  of  miinat- 


ent,  thus :    First,  by  the  pin  n  arrange  the  half  lens 

so  as  to  show  the  wire  distinctly  and  without  paral- 

X.    Then  holding  the  level  steadily,  at  any  selected 

iject,  as  a,  so  that  the  wire  appears  to  cut  the  center 

.  the  bubble,  see  where  it  outs  any  other  convenient  object,  as  b.  Then  go  to  &, 
..nd  fh>m  it,  in  like  manner,  sight  back  toward  o.  If  the  instrument  is  in  tAinttr 
ment,  the  wire  will  cut  a;  but  if  not,  it  will  strike  either  above  it  or  below  it.  as  at  e. 
In  either  case,  make  a  mark  m,  half-way  between  c  and  a.  Then  b  and  m  will  be  the 
two  level  marks  required.  With  care,  these  acUustments,  when  once  made,  will 
remain  in  order  for  years.  The  instrument  generally  has  a  small  ring  r,  for  hanging 
it  around  the  neck :  it  is  not  adapted  to  very  aoeurate  work,  but  admirably  so  for 
exploring  a  route.  The  height  of  a  bare  hill  can  be  found  by  beginning  at  the  foot, 
and  sighting  ahead  at  any  little  chance  object  which  the  cross- wire  may  strike,  as  a 
pebble,  twig,  Ac ;  then  going  forward,  stand  at  that  oltJeot,  and  fix  the  wire  on 
another  one  still  fkrther  on,  and  so  to  the  top.    At  each  observation  we  plainly  rise 


a  height  equal  to  that  of  the  eye,  say  6V^  feet,  or  whatever  it  may  be.    Whether 

eing  up  or  down  it,  if  the  hill  Is  covered  with  grass,  bushes,  Ac,  a  target  rod  must 
used  for  the  fore-eights ;  and  the  constant  height  of  the  eye  may  be  regarded  as 


the  back-flight  at  each  station.  An  attachment  may  be  made  for  screwing  the  level 
to  a  small  hall  and  socket  on  top  of  a  cane,  or  of  a  longer  stick,  for  occanonal  ass^ 
when  rather  more  accuracy  Is  deilred. 
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To  adloflt  m  boilder'ti  plamb- 
leTel»  todi  fltaad  it  upon  any  two  sup- 

Ci  m  and  «,  aod  mark  where  the  plamb- 
cuta  at  o.  Then  zererae  it,  placing  the 
fBOC  t  apon  «,  and  d  upon  m,  and  mark  where 
the  Una  now  cote  at  e.  Half-way  between  o 
and  e  mase  the  permanent  mark.  Wheaeyer 
the  line  cats  this,  the  feet  I  and  d  an  on  a 
leveL 


To  adjust  a  fliope-lnstrainent.  or  elinometor.  As  osually  made, 
the  babble-tube  Lb  attached  to  the  morable  bar  by  a  acrew  near  each  end,  and  the 
head  of  one  of  the  screws  conceals  a  small  slot  in  the  bar,  which  allows  a  slight  vert 
motion  to  the  screw  when  loose,  and  with  it  to  that  end  of  the  tube.  Therefore,  in 
order  to  a^Juflt  the  bubble,  this  screw  is  first  loosened  a.  little,  and  then  moved  op 
or  down  *  trifle,  as  may  be  reqd.    It  is  then  tightened  again. 
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IiEVEIXOrO  BT  THE  BAROmTEB. 

1.  Many  circumstanoeB  combine  to  render  the  remits  of  this  kind  of  ierellin^  mi> 
reliable  where  great  accuracy  Is  required.  This  fact  was  most  conclusiTely  proved 
by  the  observations  made  by  Gaptoin  T.  J.  Cram,  of  the  U.  8.  Ooast  Surrey.  8«« 
Report  of  U.  S.  C.  8.,  vol.  for  1864.  It  Is  difficult  to  read  off  flnom  an  aneroid  (the 
kind  of  barom  generally  employed  for  engineering  purposes)  to  within  from  two  to 
nve  or  six  ft,  depending  on  its  siae.  The  moisture  or  dryness  of  the  air  affects  the 
results;  also  winds,  the  vicinity  of  mountains,  and  the  daily  atmospheric  tid««, 
which  cause  incessant  and  irregular  fluctuations  in  the  barom.  A  barom  hanging 
quietly  In  a  room  will  often  vary  ^^  of  an  inch  within  a  few  hours,  corresponding 
to  a  diff  of  elevHtion  of  nearly  100  it.  No  formula  can  possibly  be  devised  that  shall 
embrace  these  sources  of  error.  The  variations  dependent  upon  temperatura,  lati- 
tude. Ac,  are  in  some  measure  provided  for ;  so  that  with  very  deUcaU  instruments,  a 
skilful  observer  may  measure  the  diff  of  altitude  of  two  points  close  together,  such 
as  the  bottom  and  top  of  a.  steeple,  with  a  tolerable  confidence  that  he  is  within  two 
or  three  feet  of  the  truth.  But  if  as  short  an  interval  as  even  a  few  hours  elapse* 
between  his  two  observations,  such  changes  may  occur  in  the  condition  of  the  atmo- 
sphere that  he  may  nmke  the  top  of  the  steeple  to  be  lower  than  its  bottom ;  or  at 
least,  cannot  feel  by  any  means  certain  that  he  is  not  ten  or  twenty  ft  In  error;  and 
this  may  occur  without  any  perceptible  change  in  the  atmosphere.  Whenever  prac- 
ticable, therefore,  there  should  be  a  person  at  each  station,  to  observe  at  both  points 
at  the  same  time.  Single  observations  at  points  many  miles  apart,  and  made  on  dif. 
ferent  days,  and  In  different  states  of  the  atmosphere,  are  of  little  value.  In  such 
cases  the  mean  of  many  observations,  extending  over  several  days,  weeks,  or  months, 
and  made  when  the  air  is  apparently  undisturbeid,  will  give  tolerable  approximationa 
to  the  truth.  In  the  tropics  the  range  of  the  atmospheric  pres  is  much  leas  than 
in  other  regions,  seldom  exceeding  \^  inch  at  any  one  spot ;  also  more  regular  In 
time,  and,  therefore,  leas  productive  of  error.  Still,  the  barometer,  especially  either 
the  aneroid,  or  Bourdon's  metallic,  may  be  rendered  highly  useful  to  the  civil  engl« 
neer,  in  cases  where  great  accuracy  is  not  demanded.  By  hurrying  from  point  to 
point,  and  especially  by  repeating,  he  can  form  a  Judgment  as  to  which  of  two  sum- 
mits is  the  lowest.  Or  a  careful  observer,  keeping  some  miles  ahead  of  a  surveying 
party,  may  materially  lessen  their  labors,  especially  in  a  rough  country,  by  select- 
ing the  general  route  for  them  in  advance.  The  accounts  of  the  agreement  within 
a  few  inches,  in  the  measurements  of  high  mountains,  by  diff  observers,  at  diff 
periods ;  and  those  of  ascertaining  accurately  the  grades  of  a  railroad,  by  means  of 
an  aneroid,  while  riding  In  a  car,  will  be  believed  by  those  only  who  are  ignorant 
of  the  subject.    Such  results  can  happen  only  by  chance. 

When  possible,  the  observations  at  different  places  should  be  taken  at  the  same 
'me  of  day,  as  some  check  upon  the  effects  of  the  daily  atmospheric  tides ;  and  in 

rj-  important  cases,  a  memorandum  should  be  made  of  the  year,  month,  d^y,  and 

•nr,  as  well  as  of  the  state  of  the  weather,  direction  of  the  wind,  latitude  of  the 

ftce,  Ac,  to  be  referred  to  an  expert,  if  necessary. 

The  eflTeets  of  latitude  are  not  included  in  any  of  our  formulas.    When 

id  they  may  be  found  in  the  table  paee  814.    Several  other  corrections  must  be 

jde  when  great  accuracy  is  aimed  at;  nut  they  require  extensive  tables. 

In  rapid  railroad  exploring,  however,  such  refinements  may  be  neglected.  Inas- 
much as  no  approach  to  such  accuracy  is  to  be  expected ;  but  on  the  contrary,  erroxs 
ot  firom  1  to  10  or  more  feet  in  100  of  height,  will  frequently  occur. 

As  a  very  ronipli  averai^e  we  may  assume  that  the  barometer  fidls  -f^ 
inch  for  every  90  feet  that  we  ascend  above  the  level  of  the  sea,  up  to  1000  ft  But 
in  £Eu:t  its  rate  of  fall  decreases  continually  as  we  rise ;  so  that  at  one  mile  high  it 
fiUls  ^  inch  for  about  106  ft  rise.    Table  2  shows  the  true  rate. 
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Te  MeertniB  the  diflr  of  lieiirlit  beiweea  two  poinUu 

Boix  1.  Take  readings  of  the  barom  and  therm  (Fah)  In  (be  shade  at  both 
rtationa.  Add  together  the  two  readings  of  the  barom,  aod  dir  tbeir  sum  by  2,  for 
tbnr  mean ;  which  call  b.  Do  the  same  with  the  two  readings  of  Hie  thermom,  and 
call  the  mean  t.  Subtract  the  least  reading  of  the  barom  from  the  greatest ;  and  call 
tin  diff  d.  Then  molt  together  this  diff  d;  the  number  Prom  the  next  Table  No.  1, 
opposite  t;  and  the  oonatant  number  80.    DiT  the  prod  by  ft.    Or 

mean  (6)  of  barom. 
SxAXFU.    Beading  of  the  barom  at  lower  station,  20.64  ins ;  and  at  the  npper 
sta  20JB2  ins.    Thermom  at  lowest  sta,  70° ;  at  npper  sta,  4fP.    What  is  the  dlflT  ia 
laight  of  the  two  atationa?    Here, 

Barom,  26.64  Therm,  70" 

**       20.82  *•      40O 

Also,  

2)47.46  2)110 

23.78  mean  of  bar,  or  b.  UP  mean  of 

therm,  or  t. 
The  tabular  number  opposite  biP,  is  917.2. 
Bar.       Bar. 
Again,  26.61  —  20.82  »  6.82,  diff  of  bar ;  or  d.    Hence, 
d,     Tab  Ko.  Con. 
Height _  6.82X917^8X80  _  160143.12        ^748.6  ft;  amnrer. 
in  feet  23.78  (or  6)      ""      23.73 

Tben  correct  for  Utitnde,  If  more  accnncy  is  reqd,  by  mle  on  next  page. 
The  screw  »i  ilie  baek  of  an  aneroid  is  for  adjasting  the  index  by  a  stand- 
nd  barom.  After  this  has  been  done  it  innst  by  no  means  be  meddled  with.  In 
xme  instmmente  specially  nude  to  order  with  that  intention,  this  screw  may  be 
Qwd  also  for  tnming  the  index  back,  after  baring  risen  to  an  elevation  so  great  that 
the  index  haa  reached  the  extreme  limit  of  the  graduated  are.  After  thus  turning 
it  back,  the  indications  of  the  index  at  greater  heights  must  be  added  to  that  at- 
tained when  it  was  turned  back. 

TABJLB  1.   For  Rale  1. 


Mean 

Maaa 

Mean 

Mean 

or 

Ho. 

of 

Ho. 

of 

No. 

of 

Ho. 

Thar. 

Ther. 

Thar. 

Ther. 

<F 

80).l 

80° 

864.4 

W» 

927.7 

90O 

801.0 

B0B.2 

81 

868.5 

61 

929.8 

91 

88S.1 

866.3 

82 

888.6 

62 

981.9 

92 

885.2 

807.4 

88 

870.7 

6S 

984.0 

98 

887.3 

808.6 

84 

872.8 

64 

986.1 

94 

900.4 

811.7 

85 

874.8 

65 

888.2 

86 

1001.6 

818.8 

86 

877.0 

66 

940.3 

96 

1003.7 

815.9 

87 

818.2 

67 

942.4 

97 

1005.8 

818.0 

88 

881.8 

68 

944.5 

06 

1007.9 

830.1 

88 

888.4 

68 

946.7 

89 

1010.0 

10 

822.8 

40 

885.4 

70 

948.8 

100 

1012.1 

11 

824.8 

41 

887.5 

71 

860.9 

101 

1014.2 

U 

828.4 

42 

888.6 

72 

958.0 

102 

1016.3 

IS 

828.5 

48 

881.7 

78 

996.1 

108 

1018.4 

14 

8806 

44 

888.8 

74 

957.2 

104 

1020.5 

15 

882.8 

45 

886U> 

75 

869.3 

105 

1022.7 

16 

884.9 

46 

808.1 

76 

961.4 

106 

1024.8 

17 

887.0 

47 

800.2 

77 

968.5 

107 

10M.9 

18 

888.1 

48 

002.8 

78 

965.6 

108 

1029.0 

19 

8U.2 

48 

804.5 

79 

887.7 

100 

1031.1 

ao 

848.8 

50 

806.6 

80 

988.8 

110 

1033.2 

21 

845.4 

51 

808.7 

81 

972.0 

111 

1005J 

2S 

847.6 

52 

910.8 

82 

974.J 

119 

1037.4 

2S 

848.6 

58 

918.0 

83 

976.2 

118 

1089.5 

U 

851.8 

54 

815.1 

84 

978.8 

114 

1041.6 

» 

858.8 

66 

017.2 

86 

880.4 

115 

1048.8 

le 

866.0 

56 

819.8 

86 

882.6 

116 

1046.9 

27 

868.1 

67 

921.4 

87 

884.7 

117 

19!S'9 

28 

880.2 

58 

88 

886.8 

118 

lO&O.l 

» 

882J 

58 

885.6 

89 

988.9 

118 

1052.2 

( 
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LEVELUKG  BY  THE  BAKOMBTEB. 


Bdli  9L  ]lelvllle*fl  short  approx  rale  !•  the  one  best  edapted  to  rapid 
field  use,  namely,  add  together  the  two  readings  of  the  barom  only.  Alao  find  the 
diff  between  said  two  readings ;  then,  nm  the  snm  off  the  twe  reMtlnce 
is  to  their  dlff,  so  is  (KIOOO  feet  to  the  reqd  alUtnde. 

Correction  for  latitude  is  usaally  omitted  where  great  aeeuracy  ie  not 
reqair«d.  To  apply  It,  flnt  find  the  altitude  by  the  rule,  as  before.  Then  dJTide  it 
bT  the  number  in  the  following  table  opposite  the  latitude  of  the  place.    (If  the  two 

filaces  are  in  different  latitudes,  use  their  mean.)  Add  the  quotient  to  the  altitude 
r  the  latitude  is  lm»  than  Ab°.  Btibkraet  it  if  the  latttode  is  man  than  45°.  No  ooi^ 
rection  required  for  latitude  46°. 


Let. 

L«t. 

Ut. 

LaU 

Let. 

Let. 

Oo 

8SS 

14° 

8W 

S83 

630 

4SO 

8867 

ft40 

1140 

680 

4S0 

« 

SM 

18 

41« 

SO 

106 

44 

lOJOl 

M 

941 

70 

4S0 

4 

S5« 

18 

48S 

ss 

804 

4ft 

00 

68 

804 

71 

4as 

6 

sso 

M 

4m 

S4 

Ml 

46 

lOlGI 

80 

706 

74 

41 C 

8 

M7 

n 

480 

86 

1140 

48 

8867 

61 

6S0 

76 

10 

S75 

M 

6S7 

88 

1466 

50 

S018 

64 

671 

78 

tm 

IS 

sse 

St 

57S          40 

S0S8          5S 

1468 

66 

627 

00 

nft 

lieTelllnff  by  Barometer;  or  by  the  bolUaifir  point. 

RuLi  8.  The  following  table.  Mo.  2,  enables  us  to  measure  heights  either  by  meana 
of  boiling  water,  or  by  the  barom.    The  third  column  shows  the  approximate  alti- 
tude abore  sea-Ievel  corresponding  to  diflT  heights,  or  readings  of  the  barom;  and  to 
the  diff^  degrees  of  Fahrenheit's  thermom,at  which  water  boils  in  the  open  air.  Thas 
when  the  barom,  under  undisturbed  conditions  of  the  atmosphere,  stands  at  24.06 
inches,  or  when  pure  rain  or  distilled  water  boils  at  the  temp  of  201°  Vah ;  the  plaoT 
is  about  6764  ft  abore  the  levef  of  the  sea,  as  shown  by  the  tabl^.    It  is  therefore 
Tery  easy  to  find  the  diff  of  altitude  of  two  places.    Thus :  take  out  from  table  Mo  2* 
the  altitudes  opposite  to  the  two  boiling  temperatures ;  or  to  the  two  barom  readings. 
Hnbtract  the  one  opposite  the  lower  reading,  from  that  opposite  the  upper  reading, 
e  rem  will  be  the  reqd  height,  as  a  rough  approximation.    To  correct  this,  add 
;ether  the  two  therm  readings ;  and  dir  the  sum  by  2,  for  their  mean.    From  table 
temperature,  p  816,    take  out  the  number  opposite  this  mean.    Mult  the  a|>> 
jximate  height  Just  found,  by  this  tabular  number.    Then  correct  for  lat  if  reqd. 
£z.    The  same  as  preceding :  namely,  barom  at  lower  eta,  86.64 ;  and  at  upper  sts« 
J.82.    Thermom  at  lower  eta,  70''  Feb ;  and  at  the  upper  one,  40°.    What  is  the  diff 
of  height  of  the  two  stations? 

Alt 

Here  the  tabular  alUtudes  are,  for  20.82 9670 

and  for  26.64 8116 


To  correct  this,  we  hare 


70° +  400 
2 


2    ' 


6464  ft,  approx  height. 
B  56°  mean ;  and  in  table  p  816^  opp  to 


&60  we  And  1.048.    Therefore  6464  X  1.048  «.  6774  fl,  the  read  height. 

This  is  about  26  it  more  tlinn  by  Rule  1  ;  or  nearly  .4  of  a  ft  in  each  100  ft 

At  70°  Fah,  pure  water  will  boil  at  1°  less  of  temp,  for  an  average  of  about  680  ft 
of  elevation  above  sea-level,  up  to  a  height  of  U  a  mile.  At  the  height  of  1  mile,  1° 
of  boiliug  temp  will  correspond  to  about  660  ft  of  elevation.  In  table  p  815  the 
mean  of  the  temps  at  the  two  stations  is  assumed  to  be  82°  Fah  ;  at  which  no  correc- 
tion for  temp  is  necessary  in  using  the  table;  hence  the  tabular  number  opposite 
82°,  in  teble  p  816,  is  1. 

This  difT  produced  in  the  temp  of  the  boiling  pcinty  by  change  of  elevation,  must 
lot  be  confounded  with  that  of  the  atmosphere^  due  to  the  same  caus^.  The  air  be* 
comes  cooler  as  we  ascend  above  sesrlevel,  at  the  rate  (very  roughly)  of  about  1°  FsJi 
for  every  200  ft  near  searlevel,  te  860  ft  at  the  height  of  1  milsi 

The  following  toble^  H 4K  9*  (so  far  as  it  relates  to  the  barom^  was  de> 
duced  by  the  writer  from  the  standard  wor!c  on  the  barom  by  Ucot-Ool.  R.  8.  Wi^ 
liamson,  U.  8.  army.* 


e  PiMished  ^  psraiMlaa  of  Oevennsaft 


ta  1018  by  TuReama^,  K.  T. 

Digitized  by\jOOgl€ 


I.By£LLING  BT    THS   BABOHBTEB,    BTC. 


TABUE  9. 
EteweUinE  by  Barometer;  or  by  the  bolllnfr  pol 

AoBoined  temp  in  the  shade  32^^  Fah.    If  not  S2P,  mult  barom  alt  as  per  T 
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Correcilons  for  t«inperat-nre ;  to  be  used  in  eonneetlon  wltH 
icri*«Ater  ae«a  racy  is  necessary.    /~ 
nectlon  wllli  Table  a  wlieu  tlie  temp  Is  not  sa^. 


) 


Rules,  wlien J 


Also  in  eon*. 
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THe  -Telocity  of  sound  in  quiet  open  air,  has  been  experimentally  deter- 
mined to  be  Yery  approximately  1090  feet  per  second,  when  the  temptrature  is  at 
fre«-King  point,  or  32°  Fahsenheit.  For  every  degree  Fahrenheit  of  incrraae  of 
temperature,  the  Telocity  increases  by  fh>m  l^  foot  to  1^  feet  per  second,  aGConUnf 
to  different  authorities.  Taking  the  increasd  at  1  foot  per  second  for  each  degro* 
(which  agrees  closely  with  theoretical  calculations),  we  hare 
at  ^  30°  Fahr  1030  feet  per  sec  -^  0.1951  mile  per  sec  —  1  mile  In  5.13  leoonda. 
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If  the  air  is  calm,  fog  or  rain  does  not  appreciably  affect  the  result:  bnt  winds  do. 
Very  loud  sounds  appear  to  travel  somewhat  faster  than  low  oneii.  The  watchword 
of  sentinels  has  beou  heard  across  still  water,  on  a  calm  night,  10^  miles;  and  a 
cannon  20  miles.  Separate  sounds,  at  interrals  of  |3^  of  a  second,  cannot  be  distin- 
guished, but  appear  to  be  connected.  The  distances  at  which  a  speaker  can  be 
understood,  in  front,  on  one  side,  and  behind  him.  are  about  an  4,  8^  and  1. 

Dr.  Charles  M.  Creeson  informs  the  writer  that,  by  repeated  trials,  he  found  that 
in  a  Philadelphia  gas  main  20  inches  diameter  and  16000  feet  long,  laid  and  ooTered 
in  the  earth,  but  empty  of  gas,  and  haTing  one  horizontal  bend  of  90°,  and  of  40  feet 
radius,  the  sound  of  a  pistol-shot  traYellea  16000  feet  in  precisely  16  seconds,  or  100c> 
feet  per  second.  The  arrlral  of  the  sound  was  barely  audible;  but  was  rendered 
▼ery  apparent  to  the  eye  by  its  blowing  off  a  diaphragm  of  tissue-paper  placed  over 
the  end  of  the  main. 

T-vro  boats  ancbored  some  distance  apart  may  senre  as  a  base  line  for 
triangulating  objects  along  the  coast;  the  distance  between  them  being  flrM  found 
by  firing  gnus  on  board  one  of  them. 

In  water  tbe  ▼eloeity  is  about  4708  feet  per  second,  or  abont  4  times  that 
In  air.    In  broods,  it  is  ttom  10  to  16  times ;  and  In  metalSy  fhHD  4  to  16 1 


greater  than  in  air,  aoconling  to  some  authorities. 
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mate  expamlon  of  aolldfl  by  taeait  and  their  meltfi 
fair  points  by  Faiirenlieirs  tiiermometer.  t 


nre-brlek.... 
Gnaiie 

CiMarod  .... 

OlMM  tnbe... 

erowo-. 


PUKlaa 

Mmrble,   (raanlar,  whlM,  drr.. 
*•  ••  M    mom. 

*    Maok,  ooniwot 


Caat  Iroa.. 


blbtered 

untempered 

teapsred  7«Uow.. 


••    ■oft.forfed.. 


BUmath 

n«ld,  kBiMAled . 
Copper 


.  •renfe 
.  •verace 


TlB.... 


aronce 

averafa 

Pewter 

ZiD«  (moat  of  all  metala) 

White  pine. 


JTor  1  degree. 


Ipartln 
865no 

187560 


law**! 
]ei»ou 

Hi  ';iv"i 

■HUH 

T8840 
61920 


Mlnehio 
S80ift. 

S75 

nsi 

2203 
1184 
3175 
IWi 
1333 
i219 
1722 
1688 
1802 
1575 
1666 
1744 
136* 
IMO 
1637 
U62 
1&36 
1&24 
1360 
1282 
1088 
1076 
1018 

081 

090 

915 

668 

821 

616 


Vov  180  decTMe.* 

1  part  la 

H Ineh  in 

9029 

ll.Ufl. 

1042 

10.85 

1267 

13.20 

1330 

12.81 

1190 

12.40 

1176 

19.24 

1166 

12.13 

1160 

12.08 

961 

10.00 

711 

7.41 

S2S« 

33.44 

91S 

9.63 

900 

0.38 

961 

10.00 

840 

8.75 

888 

9.26 

960 

9.69 

730 

7«» 

816 

•■  "i-( 

820 

^  :.i 

833 

819 

H :.  1 

813 

rt    t.i 

720 

7X1 

684 

7i; 

680 

6.(H 

674 

i.m 

643 

i.m 

623 

i,*i 

528 

5.W 

488 

5U8 

961 

B.W 

438 

4.;M 

344 

3.5H 

3447 

I'^  1!* 

MelUof 

point 

lnD«g.t 


956 

192010 


3370  to 
2560 


toooto 

8500 


506 

2016 


1861 
444 
613 


Let  a.  or  Of  —  the  linear  expansion  eoelHeient  of  a  material 
that  fraction  of  its  original  length  which  a  priamatic  bar,  of  that  material,' 
cains  or  loeea,  for  each  degree,  Gent,  or  Fahr.  respectively,  of  change  in  its 

^,9  6 

temperature.    Then:  a,  —  yaf;af—  — <>•• 

The  ooe6SGient  is  practically  constant  at  ordinary  temperatures. 

The  foree,  exerted  longitudinally  by  such  t 
traeting,  is  P  —  atE F,  where  a  «  coefficient, 
temperature,  in  degrees;  E  —  elastic  n^    '  * 
cross  section.    The  work^  done  by  this 
the  bsf ,  of  original  length,  L,  through  the 

The  saperlielal  expanaian  eoelHeient  (ratio  of  change  of  area 
of  a  surface  to  its  original  area)  —  about  2a;  volninnar  eoelHeient 
•"  about  3  a;  assuming  that  the  linear  coefficient  is  the  same  in  all  directions. 

Heat  of  a  e<Mn9non  wood  Are  variously  estimated  at  from  800<^  to 
1140"  Fahr.;  charcoal  fire,  about  2200*  F.;  coal  fire,  about  2400°  F. 


4 


•  By 


•^  part  to  the  lenctha  In  th«  two  eola  andar  180o,  wt  get  the  lengtha  omroapoadlnf  lo 
■greaa  ^  leai  than  180°;  or  to  16t<>.63  degi  wbieh  may  be  uken  as  about  the  extreme* 


or  lanp  In  th«  eoldar  portlona  of  tke  United  Btatea.    In  the  Middle  Sutes  the  extremea  rarely  reaok 
136°,  or  X  part  leaa  than  1890. 

SodependenoewbaaiTcrlatobeplMadon  reaaHa  el>talned  by  Wedgewood'i  pyrometer. 

t  The  Ubie  shows  that  the  oontractfon  and  expansion  of  stone  will  cause 

enen  Jolnia  la  wlatar ;  and  eniahltif  of  the  mortar  in  aammer,  at  the  end*  of  long  ooping-atonea. 

^^>ne  meltinc  points  are  quite  nneertain.    We  give  the  mean  of 

the  beat  anthorltiea.    Aaanmlnff  that  with  a  ehange  of  temp  of  aboat  \9B°,  wroacht  Iron  »< 
leoctb  I  partln916;thlainamUeaaioanU  to6.764n,oraboat6fl9Hln*;  and  in 
tiat*  or  IM  in*;  "o  that  adiff  of  6  ft,  or  more,  can  readily  reanlt  from  mo 
■ad la  aoauner  with  the  aame chain;  and  a  35  ft  rail  wUl  ohange  Ita  langth  luu  tb  «»  •«  •• 

Digitized  by  LjOOQ  IC 


ill  alter  ila 
lOOftto.lOOofa 
a  mile  in  winter 
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C-|«-|(F-  32); 
*  (F  -  32); 


Thus,  l«t  F  -  —  40. 

slon  «oellleleiito,  see  p  317. 

Below  about  —3r»  C  (-  --30"  R 35»  F),  themereurial  thennometer 

•"^  °5J2'"S.®'*'  °®^S?S,""'^*^-  ,  Mercury  beffins  to  f reeie  at  about  --40»  C 
-  — 32«  fi  -  —40°  F.     Below  this  temperature  alcohol  is  used. 
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320  AIR. 

AIR-ATMOSPHERE. 

The  atinos|»iiere  is  known  to  extend  to  at  least  45  mllea 

above  the  earth.  It  is  a  mixture  of  about  79  measures  of  nitrogen  gas  and  21 
of  oxygea  gas;  or  about  77  oitrogen,  23  oxygen,  by  weieht  It  generallr  con- 
tains, however,  a  traoe  of  ^ater,  aud  of  carboalc  acid  and  oarburetted  hydrogen 
gases,  aud  still  less  ammonia. 

Density  of  air.  Under  "  normal **  or  "standard"  conditions  (sea  level, 
lat45°  baroiueter  760  mm  =«  29.922  ins,  temperature  0°C»32°F)  dry  air 
welg:n»  1.292673  kilograms  per  cubic  meter  *  =  2.17888  B»  avoir  per  cubic  yard. 
For  other  lats  aud  elevations — 

,     Density,  in  kg  per  cu  m,  -  1.292673  X    ^^2h  ^  (1—0.002837  cos  2  lat)  • 

where  R=- earth's  mean  radius  =>  6,366,198  meters;  h  —  elevation  above  aea 
level,  in  meters.    For  other  temperatures,  see  below. 

Under  normal  conditions,  but  with  0.04  parta  carbonic  add  (0  O,)  in  100  parts 
of  air,  density  =»  1.2930S2  kg  per  cu  m.f  —  2.17952  lbs  avoir  per  cu  yd.t 

Tbe  atmosplierlc  pressure,  at  any  given  place,  may  rarr  2  inches  or 
more  from  day  to  day.  The  average  pressure,  at  sea  level  ^  varies  from 
about  745  to  770  millimeters  of  mercury  according  to  the  latitude  and  locality. 
760  millimeters*  is  generally  accepted  as  the  mean  atmospheric  pressure,  and 
called  an  atmospnere.  The  **  metrie  atmospbere,*'  taken  arbitrarily 
at  1  kilogram  per  square  centimeter,  is  hi  general  use  in  Continental  Europe. 
The  pressure  diminishes  as  the  altitude  increases.]*  Therefore,  a  pump  in  a  high 
region  will  not  lift  water  to  as  great  a  height  as  in  a  low  one;  The  pressure  of 
air,  like  that  of  water,  is,  at  any  given  point,  equal  in  all  directions. 

It  is  often  stated  that  the  temperature  of  the  atmospliere  lowers  at 
the  rate  of  1°  Fah  for  each  800  feet  of  ascent  above  tbe  eartb's  snrfiieot 
hut  this  is  liable  to  many  exceptions,  and  varies  much  with  Incnl  causes.  Actual 
observation  in  balloons  seeniH  to  show  that,  up  to  the  firet  1000  feet,  1®  !n  about 
20()  feet  is  nearer  tbe  truth  ;  at  2000  feet,  1°  in  250  feet ;  at  4000  feet,  1<>  in  300  feet ; 
and,  at  a  mile,  1°  in  350  feet. 

In  breatbinir*  &  grown  person  at  rest  requires  fWmi  0.25  to  0.35  of  a  cnMo 
foot  of  air  per  minute :  which,  when  breathed,  vitiates  Irom  8.6  to  6  cubic  feet. 
When  walking,  or  hard  at  work,  he  breathes  and  vitiates  two  or  three  times  as 
much.  About  5  cubic  feet  of  fresh  air  per  person  per  minute  are  required  for  the 
perfect  ventilation  of  rooms  in  winter ;  8  in  sommer.    Hospitals  40  to  80i 

Beneatb  tbe  general  level  of  the  surface  of  the  earth,  in  temperate 
regions,  a  tolerably  uniform  temperature  of  about  SO*'  to  &0P  Fah  eziits  at 
the  depth  of  about  50  to  60  feet ;  and  increases  about  1^  for  each  additional  50  to 
60  feet;  all  subject,  however,  to  considerable  deviations  owing  to  many  local 

'jses.    In  the  Rose  Bridge  Colliery,  England,  at  the  depth  of  2424  feet»  the 

iperature  of  the  coal  is  93.6°  Fah ;  and  at  the  bottom  of  a  boring  4168  feet 
p,  near  Berlin,  the  temperature  is  119^. 

rbe  air  is  a  very  slow  eondnetor  of  heatt  hence  hollow  walls 
re  to  retain  the  heat  in  dwellings ;  besides  keeping  them  dry.  It  msbea 
to  a  vacuum  near  sea  level  with  a  velocity  of  about  1157  feet  per  second ; 

13.8  miles  per  minute ;  or  about  as  fiut  as  sound  ordinarily  travels  throng 
jiet  air.    See  Sound. 

liike  all  otber  elastte  fluids,  air  expands  equally  witti 
equal  increases  of  temperature.  Every  increase  of  5°  Fah,  expands 
the  bulk  of  any  of  them  slightly  more  than  Iper  cent  of  that  which  it  has  at  fp 
Fah ;  or  500°  about  doubles  its  bulk  at  zero.  Tiie  bulk  of  any  of  them  diminishes 
inversely  in  proportion  to  the  total  pressure  to  which  it  is  subjected. 

This  holds  good  with  air  at  least  up  to  pressures  of  abont  750  lbs  per  sonais 
Inch,  or  50  times  its  natural  pressure ;  the  air  in  this  case  occupying  one-llnleth 
of  its  natural  bulk.  In  like  manner  the  bulk  will  increase  as  the  total  pressure 
is  diminished.    Substances  which  follow  these  laws,  are  said  to  be  peneetly 

*  H.  V.  BegnauU,  M6moires  de  I' AcadAmie  Boyale  des  Sciences  de  I'lnstitut  do 
France.  Tome  XXI,  1847.  Translation  in  abstract.  Journal  of  Franklin  Insti- 
tute, Phila.,  June,  1848. 

t  Travaux  et  M6moires  dn  Bureau  Tntematlonal  des  Folds  et  Mesnres,  Tomel, 
page  A  54.  Smithsonian  Meteorological  Tables,  1890,  published  in  Smithsonisn 
Mbcellaneous  Collections,  Vol.  XXXV,  1807. 

tSee  Conversion  Tables. 

{See  Leveling  by  the  Barometer.  ,.g.,,^,  by  L^OOgle 
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elastlei  Under  auraBsore  of  tboat  S^  tona  per  square  Inoh,  tlr  woald  becomfl 
IS  deose  as  water.  -  Since  the  air  at  the  surfiuse  of  the  earth  is  pressed  1 4%  lbs  per 
square  inch  by  the  atmosphere  above  it,  and  since  this  is  equal  to  the  weight  of  a 
opiamn  of  water  1  Inch  sqaare  and  84  feet  high,  it  follows  that  at  the  depths  ot 
S4, 68, 102  feet,  Ac,  below  water,  air  will  be  compressed  into  ^,  V^,  >^,  Ac, 
©f  its  balk  at  the  surface.  ts,  7a»  ?*, -w 

Us  a  dlwinap-bell,  men,  after  some  experience,  can  readily  work  for  sereral 
hours  at  a  depth  of  51  feet,  or  under  a  pressure  of  2>^  atmospheres ;  or  sn^  ftie 
per  sqaare  inch.  But  at  90  feet  deep,  or  under  8.64  atmospheres,  or  nearly  65 
na  per  square  inch,  they  can  work  for  but  about  an  hour,  without  serious  suffer- 
ing from  poralTBis,  or  eren  danger  of  death.  Still,  at  the  St  Louis  bridge^  work 
wan  done  at  a  depth  of  110>^  feet ;  pressure  63.7  Sw  per  square  inch. 

Ike  dew  point  is  that  temp  (Tarying)  at  which  the  air  deposits  its  vapor. 

The  greatest  heat  of  the  air  In  the  snn  probably  never  ezseeds 
145°  Fah ;  nor  the  greatest  cold — 74®  at  night.  About  iSo^  above,  and  40°  below 
zero,  are  ibe  extremes  Id  the  U.  8.  east  of  the  Mississippi;  and  65«>  below  in  the 
N.  W. ;  all  at  common  ground  level.  It  is  stated,  however,  that  —  81<>  has  t»eea 
observed  in  N.  £.  Siberia:  and  +10lo  Fah  in  the  shade  in  Paris;  and  +1530  in 
the  son  at  Greenwich  Observatory,  both  in  July,  1881.  It  has  frequently  ex« 
ceeded  +100^  Fah  in  the  shade  in  Philadelphia  during  recent  years. 


WIND. 


The  relation  hetween  the  Teloelty  of  wind,  and  Ita  pr . 

nre  against  an  obstacle  placed  either  at  right  angles  to  its  course,  or  iDclined 
to  it,  has  not  been  weN  determined ;  and  still  less  so  its  pressure  against  curved 
surfaces.  The  pressure  against  a  laige  surface  is  probably  proportionally  greater 
than  against  a  small  one.  It  Is  generally  supposed  to  vary  nearly  as  the  squares 
of  the  velocities;  and  when  the  obstacle  is  at  right  angles  to  its  direction,  the 
pressure  in  lbs  per  square  foot  of  exposed  surface  is  considered  to  be  eqtial  to 
the  sqaare  of  the  veloeity  in  miles  per  hour,  divided  by  200.  On  this  basis, 
which  is  probably  quite  defective,  the  following  table,  ss  given  by  Smeaton,  is 
prepared.    See  also  pp.  710,  711,  718>  714,  758.  759,  764. 


▼eL  In  xnes 

▼el.  in  rt. 

Ares,  in  Lbs. 

Bemarks. 

per  Hoar. 

perSeo. 

perBq.Pt. 

•  1.4ST 
3.989 

.005 
.038 

PtoMsnC                     ^^^1^1^ 

4.40O 

.0i5 

S.887 

.080 

1 

10 

TJ3 
U.S7 

.135 
.5 

TllsJjTt 

UH 

18JI 

.781 

FfMh  br«M*.                        O 

15 

n. 

1.125 

10 

28.8S 
86.ST 

^_.  ^    .  .                    Th«  pre*  against 
Brisk  wfnd.                a    semiejliDdrical 

10 

44. 

4.5 

StroDgwlnd.             sarfie*  aebnom 

40 

58.87 

8. 

High  wtad.                 u  about  balf  that 

50 

78.38 

13.5 

Storm.                       against    tbe     flat 

SO 

88. 

18. 

Ylolent  storm.           lurf  a  b  n  at. 

80 

117J 

83. 

Hnrrieaoe. 

MO 

148.7 

60. 

TredffOld  reeommends  to  allow  40  lbs  per  sq  ft  of  roof  for  the 

pc«a  of  wliHl  against  it ;  bat  as  roeb  are  oonstrueted  with  a  slope,  aod  oonsequeotly  do  not  receive 
tte  flill  ferae  of  tbe  wind,  this  Is  plainly  too  moeb.*  Moreover,  oolj  ooe-baU  of  a  roof  is  usoallj  ex* 
poaed.  even  tbos  partially,  to  the  wind.  Probably  the  Ibnie  In  snnli  oases  Taries  apnroxlmatel;  as  the 
■iofla  of  tbo  aoglee  of  slopes.  Aeeordiag  to  obsorvattons  In  LiTerpool,  In  IMO,  a  wind  of  S8  m  lln  per 
es  or  14  lbs  per  sq  ft  against  an  otiioct  porp  to  It:  and  one  of  70  miles  per  boor. 
"""""'""■  '    "     — --.         .-       .     -.  ler  »q  ft 

greats 
tronfi.   i 


boor,  prodooed  a  i 
(the  Boverest  gale 


preao 


, ^    s  on  record  at  that  olty.)  42  lbs  per  so  foot.    Those  woald  make  the  ores  per  sq  ft, 

moro  nearly  equal  to  the  square  of  the  rel  In  mllee  per  boor,  dlr  by  100 :  or  nearly  twle<>  sr  i 
■lv«a  In  Smeaioo's  table,  we  should  ounelres  give  the  prefbrenoe  to  the  Liverpool  observatl 


■,  or  wiod.gaoge.  46  lbs  per  sq 

_  Blgh  winds  of  tea  {0  rooli. 

TlH>  gsvgB  at  Qlrsrd  OoTlege,  Philada,  broke  under  a  strain  oif  43  lbs  p«r  sq  ft ;  a  tornado  passing 
->  moment,  within  3i  mile. 
lnv«nion  of  Smeaim's  mie.  if  tto  fcrou  In  As  per  sq  ft,  be  anlt  by  800,  the  sq  rt  of  the  prod 
glTt  tbe  Ttl  tn  miles  par  hour. 


very  violent  gale  In  SeotUind,  registered  by  an  exeellent 

ft.    It  la  suied  that  as  high  as  66  fto  has  been  obMTved  at  Olasgow. 


Willi 


•  Tbewyit«rthliiks8ftopersqll»etorordHMry(lMi5l«*«l«!P<R#roq^,orl8lbsfer  9h*A-int4^  Nflk' 
•tat  SltoWttMftirpiWOr  wtad.  Digitized  by  LaOOgle 
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RAIN  Un>  SNOW. 


RAIN  AND  SNOW. 


The  anniial  preeipltatloii*  at  any  riven  place  yarles  gnaUy  tnm 
year  to  year^he  ratio  between  mazimam  and  minimum  beiag  frequently  greater 


than  2 : 1.    Beware  of  aTei 


iraces. 
tippTy,  til 


In  estimatingyloodt,  Uke  the 


falls,  and  In  eetimatlog  teater  mpply,  the  minimmn,  not  ooly'per  annum,  bat  for 
short  periods.  In  estimating  water  supply,  make  deductions  for  eTaporatioB 
and  leakage.  '^ 

Maxima  and  minima  deduced  fh>m  obeerrations  covering  only  4  or  6  years  are 
apt  to  be  misleading.  Data  covering  even  10  or  more  years  may  Just  miss  includ- 
ing a  very  severe  flood  or  drought.  Records  of  from  15  to  20  years  may  uaually 
be  accepted  as  sufficient. 

Table  1.  A  veraare  Pi-eelpltaMon  *  t  in  the  mited  States,  In  ina. 
(From  Bulletin  C  of  u.  8.  Department  of  Agriculture,  compiled  to  end  of  1891.) 


Aai.  Wla.ABB'l 

8ut«. 

8pr.   Stun. 

Aot.  Win.  Anal 

10.0 

14.9  53.6 

Montana 

..  4.2     4.9 

2.6    2.3  14.« 

2.2 

8.1  10.9 

I^ebraska 

..  8.9  10.9 

4.9    2.2  2&9 

11.0 

12.8  60.6 

Nevada 

..  2.3     0.8 

1.3    8.2     7.6 

8.5 

11.9  21.9 

N.  Hampshire.  9.8  12.2 

11.4  10.7  44.1 

2.8 

2.3  14.8 

New  Jersey.... 

..11.7  18.3 

11.2  11.1  47.S 

11.7 

11.6  46.8 

New  Mexico.. 

..  1.4    5.8 

8.5    2.0  12.7 

10.0 

9.6  40.8 

New  York..... 

..  8.5  10.4 

9.7     7.9  86.6 

9.4 

9.0  41.8 

N.  CaroUna... 

...12.9  16.6 

12.0  12.2  68.7 

14.2 

9.1  54.9 

N.  Dakota 

...  4.6    8.0 

2.8    1.7   17.1 

10.7 

12.7  51.4 

Ohio 10.0  11.9 

9.0    9.1  4ao 

8.6 

7.0  17.1 

Oregon 

..  0.8    2.7 

10.5  21.0  44.0 

9.0 

7.7  38.1 

Penusylvania 

...10.3  12.7 

laO    9.6  42.5 

9.7 

10.3  42.7 

Rhode  Island. 

..11.9  10.7  11.7  12.4  46.7 

&9 

6.7  86.2 

SL  Carolina.... 

..  9.8  16.2 

9.7    9.7  4&4 

8.1 

4.1  82.9 

S.  Dakota 

...  7.2    9.7 

8.6    2.6  22.9 

6.7 

8.5  31.0 

Tennessee . 

..13.6  12.5 

10.2  14.6  60.7 

9.7 

11.8  46.4 

Texas. 

.«ai     8.6 

7.6  6.0  sas 

10.8 

14.4  58.9 

Utah 

..  8.4     1.5 

2.2    8w5  ia6 

12.3 

11.1  45.0 

Vermont ....... 

..  9.2  12.2 

11.4    9.8  42.1 

10.7 

9.5  44.0 

Virginia. 

Washinffton .. 
W.  Virginia.. 

..10.9  12.5 

9.6    9.7  42.6 

11.9 

11.7  46.6 

.«&6    8.9 

10.5  16.8  89.8 

9.2 

7.0  83.8 

.-10.9.12.9 

9.0  10.0  42.8 

6.8 

8.1  26.2 

Wisconsin 

.-  7.8  11.6 

7.8    6.2  82.6 

10.1 

15.4  53.0 

Wyoming...... 

..4.8    8.5 

2.2    1.6  11.8 

9.1 

6.5  88.0 

United  Sutes 

..  9.2  10.8 

&8    &6  86.8 

Spr.  SoBi. 

Alabama. t\A.9  18.8 

Arizona 1.8    4.8 

Arkansas 14.8  12.5  : 

California. 6.2    0.3 

Colorado 4.2    5.5 

Connecticut 11.1  12.5 

Delaware 10.2  11.0 

Dlst  Columbia.11.0  12.4 

Florida. ....]a2  21.4 

Georgia 12.4  15.6 

Idaho. 4.4    2.1 

Illinois 10.2  11.2 

Indiana .11.0  11.7 

Indian  ry laO  11.0 

Iowa. 8.3  12.4 

Kansas 8.9  11.9 

Kentucky 12.4  12.5 

Louisiana 13.7  15.0 

Maine .11.1  10.5 

Maryland 11.4  12.4 

Massachusetts..!  1.6  11.4 

Michigan 7.9    9.7 

Minnesota 6.5  10.8 

Mississippi 14.9  12.6 

MissourL 10.0  12.4 

it  Philadelphia,  in  1869,  during  which  occurred  the  greatest  drought  known 

)re  for  at  least  50  years,  48.21  inches  fell ;  August  18, 1878,  7.3  Inches  in  1  day ; 

igust,  1867, 15.8  Inches  in  1  month;  July,  18&,  6  inches  in  2  hours:  9  Inches 

r  month  not  more  than  7  or  8  times  in  25  years.    From  1825  to  1893,  greatest 

one  year,  61  Inches,  in  1867 :  least,  80  inches,  in  1825 and  1880.   At  Nornsiown, 

dnnsylvanla,  in  1865,  the  writer  saw  evidence  that  at  least  9  inches  fell  within 

J  hours.    At  Genoa,  Italy,  on  one  occasion,  82  Inches  fell  in  24  hours ;  at  Geneva, 

Switzerland,  6  inches  in  3  hours ;  at  Marseilles,  France,  18  inches  in  14  hours; 

in  Chicago,  Sept,  1878,  .97  inch  in  7  minutes. 

Near  jLondon«  England,  the  mean  total  fall  for  many  years  is  28  indteiL 
On  one  occasion,  6  inches  fell  in  1^  hours  I  In  the  mountain  districts  of  the 
English  lakes,  the  fall  is  enormous :  reaching  In  some  years  to  180  or  240  Inches; 
or  from  15  to  20  feet  I  while.  In  the  adjacent  neighborhood,  it  is  but  40  to  69 
inches.  At  Liverpool,  the  average  is  34  inches ;  at  Edinburgh,  80 :  Glasgow,  22; 
Ireland,  86;  Madras.  47;  Calcutta,  60;  maximum  for  16  years,  82;  Delhi,  21; 
Gibraltar.  80 ;  Adelaide,  Australia,  28 ;  West  Indies,  86  to  96 ;  Rome,  89.  On  ths 
Khassya  hills  north  of  Calcutu,  600  inches,  or  41  feet  8  inches,  have  fallen  in  the 
6  rainy  months  I  In  other  mountainous  dlstriots  of  India,  annual  falls  of  10  to 
20  feet  are  common. 
A  moderate  steady  rain,  continuing  24  hours,  will  yield  a  depthof  about  an  Ineli. 
As  a  areneral  rale,  more  rain  fMls  in  warm  Uian  In  eeM 
•oantrlee;  and  mors  in  elevated  regions  than  in  low  ones.    Local  peoullavi 

*  Precipitation  inolndes  snow,  bail,  and  sleet,  melted. 

fUnmelted  snow  is  here  estimated  at  10  inches  snow  « 1  inch  rain.    Bat  dm 
**  Rainfall  equivalent  of  sno w,"  p  824.  / 

Digitized  by  VjOOglC        ' 
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IUm,  honrsrer,  tometimes  nrene  this :  and  also  c^om  gnti  dlflbranoei 
•moanto  In  places  quite  new  eaeh  otner ;  m  la  the  English  lalce  distri 
alladed  to.  It  is  sometimes  dill&eult  to  aoooont  for  these  Tsrlations.  1 
Jagoons  in  New  Granada,  Soath  America,  the  writer  has  known  three 
heaYT  rains  to  oocar  weekly  for  some  months,  daring  which  not  a  drop 
hills  abont  1000  feet  high,  within  ten  miles'  disUnce,  and  within  full  sig 
another  locality,  almost  a  dead^evel  plain,  AiUy  three-quarters  of  the  rai 
Ml  for  two  years,  at  a  spot  two  miles  from  his  residence,  ocourred  in  the 
ing;  while  thoee  which  fell  abont  three  miles  firom  it,  in  an  opposite  di 
were  in  the  afternoon. 

Tlie  relatton  between  preeipltatloii  and  stream-flow  Is 

•Acted  by  the  existence  of  foresta  or  crops,  by  the  slope  and  character  of 
on  the  water-shed,  especially  as  to  rate  of  absorption,  by  the  season  of  tfa 
the  frost  In  the  ground,  etc  The  stream-flow  may  ordinarily  be  taken  i 
ing  between  0.2  and  0.8  of  the  rainfiUL  Streams  in  limestone  regions  fre* 
kae  a  very  large  proportion  of  their  flow  through  subterranean  caverns. 
Aaumlnff  a  fall  of  2  feet  in  1  year  (=>  76,879  euMo  feet  per  square  n 
day),  that  half  the  rainfall  is  arailable  for  water  supply,  and  that  a  pei 
eoosamption  of  4  cubic  feet  (»  80  gallons)  per  day  is  sufflcient,  one  squa 
will  supply  19,006  persons;  or  a  square  of  88.25  feet  on  a  side  will  sup 


An  tneli 


BaOoi 
Ions; 


»nnts  toMSOenble  feet;  or  27I5I 

na;  or  101.3  torn  per  acre;  or  to  2828200  cubic  feet;  or  17878748  U. 
bns ;  or  64821  tons  per  square  mile  at  62!>^  lbs  per  cubic  foot. 

Hie  most  destructive  rains  are  nsualnr  those  which  fall  upon  snow, 
which  the  ground  is  frosen,  so  as  not  to  aSsorb  water. 

Table  2.   Maalmnaa  intenalty  of  ralnAtU  for  periods  of  6, 
60  minutes  at  Weather  Bureau  stations  equipped  with  self-reffisterii 
gauges,  compiled  from  all  available  records  to  the  end  of  1896. 

(From  Bulletin  D  of  U.  S.  Department  of  Agrlculturei ) 


Stations. 

Bate  per  hour  for-> 

SUtioos. 

Bate  per  hour 

6min. 

lOmlns. 

60mins. 

5min. 

10  mins. 

G 

Wrai  arck.  t  r  ■  •  • .— r 

Ina 
9.00 
8.40 
8.16 
7.80 
7.80 
7.60 
7.44 
7.20 
7.20 
6.72 
6.60 
6.60 
6.60 

Indies. 
6.00 
6.00 
4.86 
4.20 
6.60 
6.10 
7.08 
6.00 
4.92 
4.98 
6.00 
8.90 
4.80 

Inches. 
2.00 
1.80 
2.18 
1.25 
2.40 
1.78 
2.20 
2.15 
1.60 
1.68 
2.21 
1.60 
1.86 

Chicago 

Ins. 
6.60 
6.48 
6.00 
6.00 
6.76 
6.64 
6.46 
6.40 
6.40 
4.80 
4.56 
8.60 
8.60 

Inches. 
6.92 
6.58 
4.80 
4.20 
6.46 
8.66 
6.46 
4.80 
4.02 
8.84 
4.20 
8.80 
2.40 

1 

8t.  Paul — 

New  Orleans   ... 

Galveston- 

Omsha.. 

Milwankee 

Kansas  City 

Washington 

Jaeksonville..... 

Detroit- 

New  York  aty- 

Boston  - 

Savannah 

Dodge  City.-... 
Norfolk 

Cleveland 

AtlanU 

Key  West 

St.  Louis-. 

Cincinnati 

Denver.- 

Duluth. 

Indianapolis.-... 
Memnhls- 

varies  flrom  I 


»  weMit  of  fireehly  Ikllen  snow,  as  measured  by  the  i 

nrom  aoont  6  to  12  fl»  per  cubic  foot :  apparently  depending  chiefl; 

the  degree  of  humidity  of  the  air  through  which  it  had  passed.  On  one  oci 
iriten  mlBffled  snow  and  hail  had  fallen  to  the  depth  of  6  inches,  be  fou 
weight  to  Be  81  lbs  per  cubic  foot.   It  was  very  dry  and  inooherent.   A  cub 


weighed  46  Ota  per  cubic  foot,  1u 

board  inclined  at  46^;  on  a  smoothly  planed  one  at  80^;  and  on  slate  at  1 
ttproximate.  A  prism  of  snow,  saturated  to  62  lbs  per  cubic  foot,  on 
square,  and  4  inches  liigh,  bore  a  welvbt  of  7  lbs ;  which  at  first  oomt 
it  about  one^uarter  part  of  its  length.  European  engineers  consider  6 1 
square  fcot  of'roof  to  In  safltelent  ai]owane<!,||K  |%9  weiffbt  of  m 
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and  8  9»  for  the  pressure  of  wind ;  total.  14  lbs.  The  writer  thinks  that  In  tb« 
U.  8.  the  allowance  for  snow  shoaid  not  be  taken  at  Uu  than  12  ttis;  or  the  total 
for  snow  and  wind,  at  20  Rts.  There  is  no  danger  that  snow  on  a  roof  will 
become  saturated  to  the  extent  Just  alluded  to ;  because  a  rain  that  would  supply 
the  necessary  quantity  of  water  would  also  by  its  Tiolenoe  wash  away  the  snow  ; 
but  we  entertain  no  doubt  whatever  that  the  united  pressifeoe  from  snow  and 
wind,  in  our  Northern  States,  do  actually  at  times  reach,  and  even  surpass. 
20  fbs  per  square  foot  of  roof.  The  limit  off 

nerpetoal  snow  at  the  equator  is  at  the  height  of  about  16000  feet,  or  say 
8  miles  above  sea-level;  in  lat  45'=' north  or  south,  it  is  about  half  that  height; 
while  near  the  poles  it  is  about  at  sea-level 

Bain  Oaoses.  Plain  cvlindrical  vessels  are  ill  adapted  to  service  as  rain 
gauges ;  because  moderate  rams,  even  though  sufficient  to  yield  a  large  run<off 
firom  a  moderate  area,  are  not  of  sufficient  depth  to  be  satisfactorily  measured 
unless  the  depth  be  exaggerated.  The  inaccuracy  of  measurement,  always  con« 
alderable,  is  too  great  relatively  to  the  depth. 

In  its  simplest  and  most  usual  form,  toe  gauge  (see  Fig.)  consists  easentlally 
of  a  funnel,  A,  which  receives  the  rain  and  leads  it  into  a  measorins 
tube,  B,  of  smaller  cross-section.    The  fUnnel  should  have  a  vertical     ■  * 

and  fairly  sharp  edge,  and,  in  order  to  minimiae  the  loss  through        xA/ 
evaporation,  it  should  fit  closely  over  the  tube,  and  its  lower  end  ^ 

should  be  of  small  diameter. 

The  depth  of  water  in  the  tube  Is  ascertained  by  inserting,  to  the 
bottom  of  the  tube,  a  measuring  stick  of  some  unpolished  wood 
which  will  readily  show  to  what  depth  it  has  been  wet.  The  stick 
may  be  permanently  graduated,  or  it  may  be  compared  with  an  ordi- 
nary scale  at  each  obMrvation.  The  tube  is  usually  of  such  diameter 
that  the  area  of  its  cross-section,  minus  that  of  the  stick,  is  one-tenth 
of  the  area  of  the  funnel  mouth.  The  depth  of  rain&li  Is  then  one- 
tenth  of  the  depth  as  measured  by  the  stick. 


Dimensions  op  Standard  U.  S.  Wbathsb  Bubbau  Ranr  Oauox.  Ins. 

A.  Beceiver  or  fnnneL  Diameter        S 

B.  Measuring  tube.  Height  20  in&  *<  2.58 
C  C.    Overflow  attachment  and  snow  gauge.                      **              8 

Such  gauges,  with  the  tubes  careftilly  made  from  seamless  drawn  brMi  tubing, 
cost  about  S5.00  each ;  but  an  intelligent  and  oareAil  tinsmith,  given  the  dimen- 
sions accurately,  can  construct,  of  galvanised  iron,  for  about  81.00  a  gauge  thai 
will  answer  every  purpose  of  the  engineer. 

The  eziNMiare  has  a  very  marked  eflteot  upon  the  results  obtained.  Tb« 
'Unnel  should  be  elevated  about  8  ft.  in  order  to  prevent  rain  from  splashing  Xuxk. 
Dto  it  from  the  ground  or  rooC    If  on  a  roof,  the  latter  should  be  flat,  andi  paref- 

rably  60  ft  wide  or  wider,  and  the  gauee  should  be  placed  as  far  as  possible 
rom  the  edges ;  else  the  air  currents,  produced  by  the  wind  striking  the  aide  of 
he  building,  will  carrv  some  of  the  rain  over  the  gauge.  Ko  obJeeU  much  higher 
ban  the  gauge  shoula  be  near  it,  as  they  produce  variable  air  ounents  which 
may  seriously  affect  its  indications. 

An  overflow  tank,  C,  should  be  provided,  for  cases  of  overfilling  the  tnbeL 

Water,  freezing  in  the  gauge,  may  burst  it,  or  force  the  bottom  off,  or  at  laaat 
BO  deform  the  gauge  as  to  destroy  its  accuracy. 

To  meoaoro  siiow,  the  fhnnel  is  removed,  and  the  snow  Is  collected  In 
the  overflow  attachment  or  other  cvlindrical  vessel  deep  enough  to  prevent  the 
snow  from  being  blown  out,  and  the  cross-eectional  area  of  whieh  is  accurately 
known.  The  snow  is  then  melted,  either  by  allowing  it  to  stand  in  a  warm 
place,  or,  with  less  loss  through  evaporation,  by  adding  an  aoenrately  known 
quantity  of  luke-warm  water.  In  the  latter  case,  the  volume  of  the  added  water 
must  of  course  be  deducted  firom  the  measurement. 

BalBfkll  eqvlvalent  of  snow.  Ten  inches  of  snow  are  usually  taken 
as  equivalent  to  1  in  of  rain ;  but,  according  to  various  authorities,  the  equiva- 
lent may  vary  between  2>^  and  34;  i.  e.,  between  26  and  1.84  lbs.  per  cubic  foot. 

Self-reeordlnfr  canffes^  of  which  several  forms  are  on  the  market,  are 

Siuite  expensive,  and,  even  when  purchased  from  regular  makers,  seldom  per* 
bctly  reliable;  Gauges  using  a  small  tipping  bucket  register  inaccurately  in 
heavy  rains ;  thoae  oaing  a  float  are  limited  as  to  the  total  depth  which  they  catt 
ng;lster ;  while  thoae  whkh  weigh.the  rain,  if  ei^oaed,  are  aflboted  by  wind. 
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TMileS.   Hetallft  of  PMelpAtattom  la  the  United  Stiitei. 

BeoordB  from  1871  or  earlier,  to  1881  InclasiTei 

(From  Balletln  C  of  U.  &  Department  of  Agrienltore,  1884.) 


State. 


City. 


iIajs  witk  roiu,  * 


rraee 


to  I  lo  I  to  I  I*'  I  ^  K 
0.^  1.00  2.00  S.CK>£« 
in.    ia.    Ids.  luHr  — 


Maz.Na 
of  oon- 
sec.  daji 


^-i 


AlAbema....M 
Arizona.^..... 

Arizona.. 

California  ... 
Colorado...... 

Connecticat.. 
Dis  of  Columbia, 

Florida 

Florida .... — .. 

Georgia. 

Georgia.......... 

niiDois 

Dliooia.. ... 

Indiana 

Iowa... 

Iowa.....» ~ 

y^pif^* ....... .... 

Louisiana 

Louisiana....... 

Maineu ........... 

Maryland....... 

Maandiosetta . 
Michigan ........ 

Michigan. 

Minneaota...... 

Minneaota...... 

Miaaiaaippi 

Miaaouri.. 

Nebraska 

New  Jersey 

New  Mexioa.... 

New  Yorit 

New  York. 

New  York. 

North  Carolina. 

Ohio 

Ohio. 

Ohio... 

PennayWania 
Pennaylvuiia ... 
8oath  Carolina. 

Tenneaaee ... 

Tenneaaee... — 

Tenneaaee 

Texaa......» 

Virginia- 

Virginia 

Wiaoonain^...... 

Wyoming..... 


Mobile ..^ 

Yumat ..... 

Whipple  Barr'ka 
San  fVanciaoo.... 

Denver..... ».. 

New  London..... 

Washington....... 

Jacksonville ...... 

Key  Weat.......... 

Augusta .» 

Savannah.......... 

Cairo 

Chicago..... 

Indianapolis...... 

Davenport ........ 

Eeokuk 

Leaven  worth...» 
New  Orleans..... 

Shreveport. 

Portland 

Baltimore.......... 

Boaton.....„........ 

Detroit 

Marquette ........ 

Duluth........ 

St.  Paul 

Vicksburg 

St.  Louia 

Omaha.. 

AtlanticCityt... 
FortWiogate..., 

BuflUa. 

New  York 

Oswego. 

Wilmington 

Cincinnati 

Cleveland. 

Toledo , 

Pb"  -,^iphU|.... 

Pli      irg _ 

Cb;      hton 

Ki        Ule 

M<        lia 

Nf        lie 

Galveston 

Lynchburg..,.. 

Norkfolk. 

Milwaukee 

Cheyenne.... 


40.1 
6.6 
16.7 
21.8 
28.7 
43.0 
40.8 
44.7 
88.8 
87.2 
86.4 
88.5 
44.0 
44.2 
40.8 
85.4 
81.9 
40.6 
85.9 
43.4 
41.2 
89.8 
46.7 
49.0 
44.6 
88.9 
86.4 
88.4 
34.1 
41.0 
14.6 
54.2 
89.6 
58.3 
86.2 
46.4 
62.2 
44.8 
43.6 
51.8 
84.7 
43.4 
39.8 
42.0 
84.6 
40.3 
42.0 
44.7 

sas 


24.8 
5.6 
10.2 
14.2 
24.2 
28.1 
27.2 
29.8 
27.9 
22.9 
22.8 
25.0 
82.5 
80.8 
29.7 
24.5 
20.7 
24.9 
22.6 
29.8 
27.5 
25.8 
86.0 
89.0 
84.7 
80.3 
21.1 
26.4 
24.4 
27.5 
10.1 
41.8 
25.7 
46.5 
20.7 
32.5 
40.2 
33.9 
80.6 
88.8 
20.6 
26.8 
24.4 
26.4 
22.8 
26.2 
26.2 
84.0 
26.7 


*For  instanoe,  Alabama,  Mobile,  trace  to  0.25  inch,  24.8.  meana  that  on  24.8  per 
eent.  of  the  daya  embraced  within  the  20  yeara,  rain  fell  to  a  depth  of  from  a 
trace  to  a25  ineh. 

t Ftem  Oetober  1876  only.    % Fxom  Janoary  1874  only.  JJ^^Af^  ^^' 
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WATER. 

PuBB  water,  as  boiled  and  distilled,  is  composed  of  the  two  gases,  hydroi 
gen  and  oxygen;  in  the  proportions  of  2  measures  hydrogen  tol  of  oxygen; 
or  1  weight  of  hydrogen  to  8  of  oxvgen.  Ordinarily,  howerer,  it  contains  sev- 
era]  foreign  ingredients,  as  carbonic  and  other  acids;  and  soluble  mineral,  or 
organic  substances.  When  it  contains  much  lime,  it  is  said  to  be  hard;  and  wiU 
not  make  a  good  lather  with  soap.  The  air  in  its  ordinary  state  coBtaiaa 
about  4  grains  of  water  per  cubic  foot. 

The  average  pressiire  of  the  air  at  sea  level,  will  halanee  a 
eolnmn  of  water  34  feet  high ;  or  about  80  inches  of  mercury. 

WeifTht  of  unit  volume,  as  affected  by  temperature:   Imrometer  at  80  las: 
Temp,  Fahr,  82°        39.2°     40°        60«>        60®        70°        SO®        W^      %\3P 
Temp,  Cent,      0°         4°  4.40     lO®        16.6°     21.1o     26.7°     82.2°   100® 

Ibe/ouft,  62.417    62.428   62.428   62.409   62.367   62.302   62.218   62.119    69.700 

grams/cucm,    0.9998    1.0000   0.9999   0.9997   0.9990   0.9980  0.9966   0.9900  0.966S 

Haximom  density  at  4<>  G  -  39.2o  F :  1  gram/cu  em  -  62.428  lbs/en  ft 
From  this  temp,  it  expands,  either  by  heat  or  by  oold. 

At  62<^  F  (16.7>  C),  barom,  30  ins ;  weight  of  water  -  about  815  X  weiirli* 
of  air. 

Sea  water.  Weiirht  of  unit  volame;  64  to  64.27  lbs  per  ea  ft  »  1.036 
to  1.029  grams  per  cu  cm.    See  also  p  328. 

ice.  Weigfht  of  unit  volume;  67.2  Ibs/cu  ft  —  0.916  grun/cu  cm. 
(L.  Dufour). 

Hence,  as  ice,  it  has  expanded  one>twe1(lh  of  its  original  bulk  as  water ;  and  the 
sodden  expansive  force  exerted  at  the  moment  of  freesing,  is  tuflBcieotly 
great  to  split  iron  water-pipes ;  being  probably  not  less  than  30,000  Bm  per  square 
inch.  Instances  have  occurred  of  its  splitting  cast  tubular  posts  of  iron  bridges^ 
and  of  ordinary  buildings,  when  full  of  rain  water  firom  exposure.  It  also  looeens 
and  throws  down  masses  of  rock,  through  the  Joints  of  which  rain  or  spring 
water  has  found  its  way.  Retaiiiing-walls  also  are  sometimes  OTertbrown,  or 
at  least  bulged,  by  the  freezing  of  water  which  has  settled  between  their  backs 
and  the  earth  filling  which  they  sustain :  and  walls  which  are  not  founded  at  a 
sufficient  depth,  are  often  lifted  upward  by  the  same  process. 

It  is  said  that  in  a  fflass  tnoe  \i  ineh  in  diameter,  water  wfll  not 
fireeae  until  the  temperature  is  reduced  to  7SP\  and  in  tubes  of  less  than  ^ 
inch,  to  80  or  A^.  Neither  will  it  Areeze  untU  considerably  colder  than  82<>  In 
rapid  running  streams.  Anchor  ieo,  sometimes  found  at  depths  as  great  aa 
25  feet,  consists  of  an  aggregation  of  small  crystals  or  needles  of  lee  fWtaen  a» 
the  surface  of  rapid  open  water;  and  probably  carried  below  by  the  foroo  of  the 
stream.  It  does  not  form  under  ftroaen  water. 

Since  ice  floats  in  waters  and  a  floating  body  displaces  a  weight  of  the 
.quid  equal  to  its  own  weight,  it  follows  that  a  cubic  foot  or  floating  Ice  weighing 
712  lbs,  must  displace  67.2  lbs  of  water.  But  97.2  lbs  of  water,  one  foot  square,  Is  11 


Iquid  equal  to  its  own  weig 

nf.2  lbs,  must  displace  67.2  Ibi , ^ , 

nches  deep :  therefore,  floating  Ice  of  s  cubical  or  parallelopl pedal  shape,  will 
hare  \\  of  its  volume  under  water;  and  only  ^  above:  and  a  square  foot  of  lot 
of  any  thickness,  will  require  a  weight  equal  to  A  of  its  own  weight  to  sink  It 
to  the  surface  of  the  water.  In  practtoe.  however,  this  must  be  regarded  merely 
as  a  close  approximation,  since  the  waght  of  ice  Is  somewhat  affected  by  en* 
closed  air-bubbles. 

Pure  water  is  usually  assumed  to  boil  at  2i7P  Fah  In  the  open  air,  at  tbo 
level  of  the  sea ;  the  barometer  being  at  80  inches ;  and  at  about  1^  less  for  eyery 
520  feet  above  sea  level,  for  heights  within  1  mile.  In  fact.  Its  bofling  point 
Tsries  like  its  freeslng  point,  with  iu  purity,  the  density  of  the  air,  the  material 
Of  the  vessel,  Ac.  In  a  metallio  Tessei,  it  may  boll  at  210^;  and  in  a  glass  oncg 
at  from  2\1P  \jol3fP\  and  It  is  stated  that  if  all  air  be  previously  extracted,  tt 
requires  279^. 

It  ewaporatea  at  all  temperatures ;  dissolwos  more  subsUnoet  than  any 
other  agent :  and  has  a  greater  capacity  for  heat  than  any  other  known  aubstaaoo. 
Compression,  per  atmosphere  (14.7  Ibs/sq  in)  about  1  In  21,740.    Tk« 
Tolume  is  restored  when  the  pres  is  remored. 
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etala.  The  Ume  eonteliied  in  nuuiy  watan,  forms  depoaiu  in 
AetalUc  water-pipes,  and  in  channels  of  earthenware,  or  of  masonry ;  especially 
If  the  current  be  slow.  Some  other  substances  clothe  same;  obstructing  the 
flow  of  the  water  to  such  an  extent,  that  it  is  always  expedient  to  use  pipes  of 
diameters  larger  than  would  otherwise  be  necessary.  TIte  lime  also  forma  very 
hard  tncmsUiiloiis  at  ttte  bottoms  of  boilers;  wry  much  impair- 
ing tbeir  efficiency;  and  rendering  them  more  liable  to  burst.  Such  water  is 
unfit  for  locomotires.  We  hare  seen  it  stated  that  the  Sout\> western  R  R  Co, 
England,  prerent  this  lime  deposit,  along  their  limestone  sections,  by  dissolviug 
1  ounce  of  sal-ammoniac  to  90  gallocts  of  water.  The  salt  of  sea  water  forms 
similar  depoaiu  in  boilers;  as  also  does  mud,  and  other  impurities. 
Water,  either  when  rery  pure,  as  rain  water ;  or  when  it  contains  carbonfo 


acid,  (as  most  water  does,)  prbdvces  omrbonate  of  l«»d  in   lead 

pipea;  and  as  this  is  an  active  poison,  such  pipes  should  not  be  used  for  such 
waters.    Tinned  toad  pipes  may  be  substitutedT for  them.    If,  however,  sulphate 


of  lime  also  be  present,  as  is  very  frequently  the  case,  this  effect  is  not  always 
produced;  and  several  other  substances  usually  found  in  spring  and  river 
water,  also  diminish  it  to  a  greater  or  less  degree.  Fresh  water  eorrodes 
wroufflit  Iron  naore  rapidly  tban  east;  but  the  reverse  appears  to 
to  the  case  with  sea  water;  although  it  also  affeeis  wrought  iron  very 
quickly;  so  that  thick  flakes  may  be  detached  Arom  It  with  case.  The  corrosion 
of  iron  or  steel  bv  sea  water  increases  with  the  carbon.  Cast-iron  cannons 
from  a  vessel  whicn  had  been  sunk  in  the  fresh  water  of  the  Delaware  River 
lor  more  than  40  years,  were  perfectly  free  firom  rust.  Gen.  Pasley,  who  bad 
examined  the  metals  found  In  the  ships  Royal  George,  and  Edgar,  the  first  of 
which  had  remained  sunk  In  the  sea  for  62  years,  and  the  last  ror  188  years, 
"stated  that  the  cast  iron  had  generally  become  quite  soft;  and  in  some  cases 
resembled  plumbago.  Some  of  the  shot  when  exposed  to  the  air  kiecame  hot; 
and  burst  into  many  pieces.  The  wrought  Iron  was  not  so  much  injured, 
except  tehfcn  ti»  cihUaet  with  copper,  or  brau  gun^tnetal.  Neither  of  these  last  was 
much  alTected,  except  when  in  contact  with  iron.  Some  of  the  wrought  iron 
was  reworked  by  a  blacksmith, and  pronounced  superior  to  modern  iron."  "Mr. 
Cottam  stated  that  some  of  the  guns  had  been  carefully  removed  In  their  soft 
state,  to  the  Tower  of  London:  and  in  time  (within  4  years)  rtntmed  their  oriff^ 
inal  har^neee.  Brass  cannons  from  the  Mary  Rose,  which  bad  been  sunk  in  the 
sea  for  292  years,  were  considerably  honevoombed  in  spots  only ;  (perhaps  where 
iron  had  been  in  contact  with  them.)  The  old  cannons,  of  wrouahuiron  bars 
hooped  together,  were  corroded  about  ^  inch  deep;  but  had  probably  been  pro- 
tected by  mud.  The  cast-iron  shot  became  redhot  on  exposure  to  the  air;  and 
fell  to  pieces  like  dry  day  r* 

"  Unprotected  parts  of  cast-iron  slnloe-valves.  on  the  sea  gates  of  the  Cale- 
donian canal,  were  converted  into  a  soft  plumbaginous  substance,  to  a  deptti 
of  ^  of  an  inch,  within  4  years;  but  where  they  had  been  coated  with  common 
Sveolah  tar,  they  were  entirely  uninjured.  This  softening  elTect  on  cast  iron 
appears  to  be  as  nmid  even  when  the  water  Is  but  slightly  brackish ;  and  that 
only  at  intervals.  It  also  takes  place  on  cast  Iron  imbedded  in  salt  earth.  Some 
water  pipes  thus  laid  near  the  Xiverpool  docks,  at  the  expiration  of  20  years 
were  soft  enough  to  be  cut  by  a  knife;  while  the  same  kind,  on  higher  ground 
beyond  the  influence  of  theses  water,  were  as  good  as  n^w  at  the  end  of  60  years.** 

Observation  haa.  however,  shown  that  tlie  rapidity  of  tbls  action 
depends  mneh  on  tbe  qnalltjr  of  tbe  Iron ;  that  which  is  dark- 
colored,  and  contains  much  carbon  mechanically  combined  with  it,  corrodes 
moot  rapidly:  while  hard  white,  or  lighi-gray  castings  remain  secure  for  a  long 
time.  Some  east-iron  se»-piles  of  this  character,  showed  no  deterioration  in  40 
years. 

Contact  wltli  brass  or  eopper  is  said  to  induce  a  galvanic  action 
which  greatly  hastens  decay  in  either  fresh  or  salt  water.  Some  musketa  were 
recovered  from  a  wreck  which  had  been  submerged  in  sea  water  for  70  years 
near  New  York.  The  bran  parts  were  in  perfect  condition ;  but  the  iron  parts 
bad  entirely  disappeared.  Galwanfalnff  (coating  with  sine)  acts  as  a  pre- 
senrstive  to  the  iron,  but  at  the  expense  ot  the  zinc,  which  soon  disappears. 
The  Iran  then  corrodes.  If  iron  be  well  heat(>d,  and  then  coated  with  bot 
eaal"tar»  it  will  raslst  the  action  of  either  salt  or  f^esh  water  for  many  years. 
It  is  Tcry  important  that  the  tar  be  perfectly  pttr^^.  Such  a  coat* 

lag,  or  one  of  paint,  will  not  prevent  bamaeles  and  otber  sbells  from 
attacbing  themastvea  to  the  iron.     Aaphaltum,  if  pure,  answers  as  well  ss 


Onpper  and  bronse  are  very  little  affected  by  sea  water. 

No  galvanic  action  has  been  detected  whsis  brass  femles  are  iMrted  lots 
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The  ■»••<  prefndlelAl  exporare  Ibr  Iron,  m  well  m  for  wood,  li 

that  to  alternftte  wet  and  dry.  At  some  dangerous  spots  in  Long  Island  Sound, 
ii  has  been  the  practice  to  drive  round  bars  of  rolled  iron  about  4  inches  diam- 
eier,  for  supporting  signals.  These  wear  away  most  rapidly  between  high  and 
)ow  water;  at  the  rate  of  about  an  inch  in  depth  in  20  years;  in  which  time  the 
4-inch  bar  becomes  reduced  to  a  2-inch  one,  along  that  portion  of  it.  Under 
fretth  water  especially,  or  under  gronnd,  ft  fhln  coating  of  coal-pitch  Tmmiah, 
carefully  applied,  will  protect  iron,  such  as  water-pipes,  Ac,  for  a  long  time. 
See  page  655.  The  sulphuric  acid  contained  in  the  water  firom  coal  mtntt 
corrodes  iron  pipes  rapidly.  In  tlie  flyesli  wat«r  of  eanitls.  Iron  boats 
liare  continued  in  service  from  20  to  40  years.  Wood  remain*  sonnd  foi 
centuries  under  either  fresh  or  salt  water,  if  not  exposed  to  be  worn  away  bv 
the  action  of  currents:  or  to  be  destroyea  by  marine  insects. 

fitoa  water  welfflis  from  64  to  64.27  flbe  per  cubic  foot,  or  say  from  1.6  to 
1.9  ttks  per  cubic  foot  more  than  fresh  water,  varying  with  the  locality,  and  not 
appreciably  with  the  depth.  Theexoess,  over  the  weight  of  fresh  water,  is  ehieftj* 
common  salt.  At  64  lbs  per  cubic  foot,  85  cubic  feet  weigh  2240  lbs.  flea  wat«r 
freeaea  at  about  27^  Fahjr.  The  ice  is  fresh;  but  (especially  at  low  tempera- 
tures)- brine  may  be  entrapped  in  the  ice. 

A  teaspoonful  of  powdered  alum,  well  stirred  into  a  bucket  of  dirty  water, 
will  generally  purify  it  sufficiently  within  a  few  hours  to  be  drinkable.  If  « 
hole  8  or  4  feet  deep  be  dug  iii  the  sand  of  the  sea-shore,  the  infiltrating  water 
will  usually  be  sufficiently  fresh  for  washinff  with  soap;  or  even  for  drinking. 
It  is  also  stated  that  water  may  be  preservea  sweet  for  many  years  by  placing 
in  the  containing  vessel  1  ounce  of  black  oxide  of  manganese  for  each  gallon 
of  water. 

It  is  said  that  water  kept  In  sine  tanks ;  or  flowing  through  iron 
tubes  galvanised  inside,  rapidly  becomes  poisoned  by  soluble  salts  of  sine 
formed  thereby;  and  it  is  recommended  to  coat  sine  surfaces  with  asphalt 
varnish  to  prevent  this.  Yet,  in  the  city  of  Hartford,  Conn,  serrice  pipes  of 
iron,  galvanised  inside  and  out,  were  adopted  in  1855,  at  the  recommendation 
of  the  water  commissioners;  and  have  been  in  use  ever  since.  They  are  like- 
wise used  in  Philadelphia  and  other  cities  to  a  considerable  extent.  In  many 
hotels  and  other  buildings  in  Boston,  the  **  Seamless  Drawn  Brass  Tube"  of  the 
American  Tube  Works  at  Boston,  has  for  many  years  been  in  use  for  service 
pipe;  and  has  given  great  satisfaction.  It  is  stated  that  the  softest  water  may 
oe  kept  in  brass  vessels  for  years  without  any  deleterious  result, 

Tke  aetlon  of  lead  upon  some  waters  (even  pure  ones)  is  highW  poison- 
ous. The  subject,  however,  is  a  complicated  one.  An  injurious  ingredient  may 
be  attended  by  another  which  neutralizes  its  action.  Organic  matter,  whether 
vegetable  or  animal,  is  Injurious.  Carbonio  acid,  when  not  in  excess,  is  harm- 
lesB. 

lee  may  be  so  impure  that  its  water  is  dangerous  to  drink. 

Tke  popviar  notion  tliat  kot  water  Areeaes  more  ^nlekly 
" i  coldy  with  air  at  the  same  temperature,  is  erroneous. 

TIDES. 

I  tides  are  those  well-known  rises  and  fklls  of  the  surface  of  the  se^ 

and  of  some  rivers,  caused  by  the  attraction  of  the  sun  and  moon.  There  are 
two  rises,  floods,  or  high  tides ;  and  two  falls,  ebbs,  or  low  tides,  everr  24  honra 
and  60  minutes  (a  l«nar  day);  making  the  average  of  6  hours  12U  minutes 
between  high  and  low  water.  These  interrals  are,  howcTer,  snbjeet  ta 
irreat  variations;  as  are  also  the  heights  of  the  tides;  and  this  not  only 
at  diflbrent  places,  but  at  the  same  place.  These  irregularities  are  owing  to  the 
shape  of  the  coast  line,  the  depth  of  water,  wind&  and  other  causes.  UtmaOif  at 
new  and  full  moon,  or  rather  a  dar  or  two  after,  (or  twice  in  each  lunar  month, 
at  intervals  of  two  weeks,)  the  tides  rise  higher,  and  fall  lower  than  at  other 
times;  and  these  are  called  sprlnff  tides.  Also,  one  or  two  days  aOer  the 
moon  Is  in  her  quofiertf  twice  in  a  lunar  month,  they  both  rise  and  fall  less  than 
at  other  times ;  and  are  then  called  neap  tides.  From  neap  to  spring  they 
rise  and  fall  more  daily ;  and  rice  Tersa.    The  time  of  kiffk  water  at  any 

gsoe,  la  generally  two  or  three  hours  after  the  moon  has  passed  over  cfther 
e  upper  or  lower  meridian;  and  is  called  the  establlskment  of  that 
place;  because,  when  this  time  la  established,  the  time  of  high  water  on  any 
other  day  may  be  found  from  It  in  most  cases.  The  total  height  of  spring  tides 
is  generaUy  from  1^  to  2  times  as  great  aa  that  of  neapa.  The  great  iMal 
wawe  b  merely  an  fmMatkm^  a  nattended  by  an  v  current,  or  progresslTe  moCioo 
of  the  particles  of  water.  Each  successive  high  tide  occurs  .about  24 1  * 
later  than  the  preceding  one;  and  so  with  the  low  tideaitized  by  ^OOg^. 
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EVAPOBATION  AND  LEAKAGE. 


[»mit  of  eTaporatlon  firom  murtimeem  of  water  exixwed  to 

.«  ...^.  —  «»eU  of  the  opeQ  air.  Is  •(  oonrn  ffr«M«r  In  samnMr  than  in  winter ;  although li  la  quit* 
MraepUUe  la  even  th«  oekteat  veatbor.  It  la  graatar  in  ihaUow  water  than  in  deep,  inaamaoh  aa  iha 
Mttom  alao  bcoomM  heated  by  the  son.  It  ia  greater  in  mnning.  than  in  ftandlng  water ;  on  mooh 
the  aaoM  principle  that  it  ia  greater  dorlng  winds  than  ealme.    It  le  probable  that  the  arerage  dalij 


liaaj 


the  aataral  etfeets  ef  the  open  air,  is  ef  oonree  greater  In  somnier  than  in  winter ;  although  it  Is  quite 

•  oetdeatwei ... 

th< 

,  eater  dorlng  wind 

k  leeerfotr  of  moderate  depth,  from  eraporation  alone,  throughont  the  9  warmer  montu 
efttae  y^ar,  (Jane.  Joly,  Aognst.)  rarely  exeeeda  about  ^  Ineh,  la  any  part  or  the  United  Btatea.  Or 
^  ^  Ineh  daring  the  9  oolder  months ;  oxoepi  in  the  Soathem  Statea.    These  two  aTeragei  woold  glre 
klly  one  of  .15  inch ;  or  a  total  annaal  lesa  of  66  ins,  or  4  ft  T  Ini.    It  probably  Is  S.5  to  4  ft. 
By  ■ome  trials  bjr  the  writer.  In  tbe  troples,  ponds  of  pare  water 

8  ft  deep,  in  a  atilT  reteatire  olay,  and  fnlly  exposed  to  a  rery  hot  sun  all  day,  lost  during  tbe  dry  sea- 
son, preelaely  3  Ins  In  16  days ;  or  H  Inch  per  day ;  while  the  e¥aporatlon  from  a  glass  tumbler  was 
\i  iodi  per  day.  Tbe  air  la  that  region  Is  highly  charged  with  moisture ;  and  the  dews  are  heaTy. 
^ery  day  daring  the  trial  the  thermometer  reached  from  116°  to  1X5°  in  the  sun. 

Tbe  total  annual  eTaporation  ia  several  parts  of  Rngland  and  Scotland  is  suted  to  aTcrage  fron  n 
toWtas;  atFBrla,84;  Beaton,  llaaa,tt;maay  places  ia  the  tJ.B.,  80  to  86  ins.  This  last  would  gire 
a  dally  aTerage  of  ^  lach  for  (he  whole  year.  Such  itotements,  however,  are  of  very  lltUe  valoe, 
oaleaa  aeoompaafed  ^  memoranda  of  tbe  oirenmsuaoos  of  the  case;  sooh  as  the  depth,  exposure, 
else  aad  aatnre  of  the  veasel,  poad.  ko.  which  coataias  the  water,  Ac.  Sometimes  the  total  anaoai 
•vapevmtioa  fknm  a  district  of  cottBtryexeeeds  the  raiafUl;  aad  vice  versa. 

Ob  eiuials,  reeerYOirs,  Ac,  {t  is  usoal  to  combine  tbe  loss  bv  eTaporation, 
with  that  by  lUtratioa.  The  last  is  that  whieh  seaka  late  the  earth ;  aad  of  which  seme  portion 
Bosaca  eatirsly  through  (he  baaks,  (whea  ia  embankt;)  and  if  la  very  small  quantity,  may  be  dried 
«p  by  tbe  son  and  air  mn  ftet  as  it  Teaches  the  ootaide ;  so  as  not  to  exblbit  itself  as  water ;  but  if  la 
graater  qoaatity,  it  beoomas  appaieat,  as  leakage. 

E.  0.  cam,  €  E,  states  the  averave  evaporation  and  Ultra- 
on  tbe  Sandy  and  Beaver  canal,  Ohio,  (38  ft  wide  at  water  snr- 

llMe;  96  ft  at  bottom;  and  4  ft  deep,)  to  be  but  18  cub  ft  per  mile  per  minute,  inadiy  ssosoa.  Bene 
the  ezpoeed  water  surf  ia  eae  mile  Is  S00640  sq  ft ;  aad  in  order,  with  this  sorf,  to  lose  IS  cub  ft  per 


tion  on  the  Sandy  and  Beaver  canal,  Ohio,  (38  ft  wide  at  water  snr- 

d4  ft  deep,)  to  be  but  18  cub  ft  per  mile  >  -        - 

B  mile  Is  S00640  sq  ft;  aad  in  order 
Bia,  or  187»  eab  ft  per  day  of  S4  hoars,  the  quantity  lost  mast  be  ^j^^g = .OBSS  ft,  =  I K  inch  in 
Aepih  per  day.   Moreover,  oao  mtlo  ef  tbe  eaaal  coataias  676640  «nb  ft :  uerefore,  tbe  aumber  of  days 
teqd  ftH-  the  combined  evaporatioa  aad  lUtratloa  to  amoMat  to  as  mooh  as  all  the  water  la  the  canal,  is 

^1^  ^^  =  S6  days.    Observatioaa  Ip  wasm  weather  oa  a  tt-mile  reach  of  the  Cbeaange  eaaal,  V 

T«rk,  (40;  as ;  aad  4  ft,)  gave  66^  cnb  ft  per  mile  per  mia ;  or  6  times  as  much  as  la  (he  preoedlag 
case.  This  rate  woold  empty  the  eaaal  la  about  8  days.  Besides  this  there  was  aa  exoessive  leakage 
at  the  gatee  of  a  lock,  (of  onlv  6X  ft  lift,)  of  479  eno  ft  per  mlo,  312  cub  ft  per  mile  per  mln ;  and  at 
aqoedvets,  aad  waste- weirs,  outers  amoantlnc  to  19  cub  ft  per  mile  per  min.  The  leakage  at  other 
leeka  with  lifts  of  8  ft,  or  less,  did  not  eseeetf  abont  360  cab  ft  per  mln.  at  each.  On  other  canals,  It 
haa  baea  fonad  to  be  fhna  60.  (e  800  ft  per  mia.  Oa  the  Chesapeake  aad  Ohio  eaaal,  (where  60,  St, 
aad  6  ft.)  Mr.  Flak,  C  B,  estimated  the  loss  by  evap  aad  flltratioa  la  S  weeks  of  warm  weather,  to  be 

Miai  «e  all  the  water  in  the  eaaal.  Professor  Ranklne  assomes  2  Ins  per 
day,  for  leaka|tr«  of  eanal  bed,  and  evaporation,  on  En^rliMh 

canals,  /.  B.  Jervls.  O  ■.  eattmated  the  loss  from  evap.  flltratioa,  aad  leakage  through  lock- 
gatea.  oa  the  original  Krie  canal,  (40,  K,  and  4  ft.)  at  100  oub  ft  per  mile  per  mln ;  or  1440W  cub  ft 
per  day.  The  water  surf  in  a  mile  Is  2ll!HM)  sq  ft ;  therefore,  the  dally  loss  woald  be  equal  to  a  d^th  of 
1**0 00  =  . J83  *  =  „y  8X  las. 

tliaOO  ^      »yo;»xn.. 

Oa  the  Delaware  division  of  the  Pennsylvania  canals,  when 

the  sapply  is  temporarily  shut  off  f^m  any  loag  reach,  the  water  falls  nrom  4  to  8  Ins  per  day.  The 
iltraiioa  will  of  eoorse  be  much  greater  oa  embankts,  than  in  eats.  Ia  some  of  oar  canals,  the  depth 
at  high  embankts  becomes  quite  oensiderable ;  the  earth,  rh>m  motives  of  eooaomy,  aot  beiag  liiledla 
level  nader  the  bottom  of  tbe  canal ;  but  merelv  left  to  form  iu  own  natural  slopes.  At  one  spot  at 
least,  ea  tbe  Ghes  aad  Ohio  eaaal.  where  oae  side  is  a  natural  face  of  vertical  rock,  this  depth  is  40 
ft.  Saeh  depths  increase  the  leakage  very  greatly ;  eapeeially  when,  as  is  freqoently  tbe  ease,  the  em- 
baa  kie  are  not  paddled;  aad  the  practice  is  aot  to  be  commended,  for  other  reasoas  also. 

The  total  average  loss  ffkH»ni  reservoirs  of  moderate  depths, 

la  ease  the  earthea  dams  be  constmcted  with  proper  care,  aad  well  settled  by  time,  will  not  exceed 
abeai  f!rom  H  to  1  Ineh  per  day :  but  in  new  ones,  it  will  usually  be  considerably  greater. 

The  loss  flrom  ditches,  or  channels  of  small  area,  is  much 

greater  than  that  fh>m  aavlgable  canals ;  so  that  loi^  canal  feeders  nsaally  deliver  but  a  small  pro- 
pertfen  of  (he  water  which  enters  them  at  their  heads. 
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330  FOBOB  IN  BIQID   BODIES. 


MECHANICS.   FORCE  IN  MOID  BODIES. 


In  the  following  pages  we  endeavor  to  mnke  clear  a  few  elemenUry  prlnclplei 
of  Mechanics.  The  opening  articles  are  devoted  chiefly  to  the  subject  of  matter  m 
moUon:  for,  while  an  acquaintance  with  this  is  perhaps  not  absolutely  required  In 
obtdning  a  working  knowledge  of  thow  principles  of  SUUcs  which  enter  so  largely 
into  the  computations  of  the  civil  engineer,  yet  it  must  be  an  importont  aid  to  their 
Intelligent  appreciation. 

Art.  1  (a^.    JHeclnantca  may  toe  deflned  as  that  branch  of  rdence  which 

treats  of  tho  effectn  of  force  upon  ou\tter. 

This  broad  definition  of  the  word  "Mechanics"  includes  hydroetatica,  hydraulifl^ 
pneumatics  etc,  if  not  also  electricity,  optics,  acoustics,  find  indeed  all  branchy  of 
physics:  but  we  hhall  here  confine  ourselves  chiefly  to  the  considaraUon  of  the  action 
of  extraneous  forces  upon  bodies  supposed  to  be  rigid,0T  incapable  of  change  of  shape. 

£)  Mechanics  is  divided  into  tw.>  branches,  namely: 
tnematlcs }  or  the  study  of  the  motion$  of  bodies,  without  referenoe  to  tho 
eaii»e»  of  motion ;  and 
Dynamlcey  or  the  Ktudy  of  force  and  its  effects. 
The  latter  is  sab-divided  into 

Klneilcei  which  treats  of  the  relations  between  force  and  motion;  and 
fittaticBi  which  considers  those  special,  but  very  numerous,  cases,  where  e^Mol 
and  oppotite  forces  counteract  each  other  and  thus  destroy  each  other's  motions. 

Art.  a  (a).  Matter,  or  entostaiaeey  may  be  defined  as  whateTer  occupies  spaoa; 
as  meta*,  atone,  wood,  water,  air,  steam,  gas,  etc. 

(b)  A  toody  Is  any  portion  of  matter  which  is  either  more  or  leas  oorapletelw 
separated  in  fact  from  nil  other  matter,  or  which  we  take  into  consideration  by  itself 
and  as  if  it  were  so  separated.  Thus,  a  stone  is  a  body,  whether  It  be  fHllins:  through 
the  air  or  lying  detached  upon  the  ground,  or  built  up  into  a  wall.  Also,  the  wall  la 
a  body;  or.  If  we  wish,  we  may  consider  any  portion  of  the  wall,  as  any  partlcalar 
cubic  foot  or  inch  in  it,  as  a  body.  The  oarth  and  the  other  planets  are  bodies,  and 
their  smallest  atoms  are  bodies. 

A  train  of  oars  may  be  regarded  as  a  body ;  as  may  also  each  car,  esch  wheel  or 
axle  or  other  part  of  the  car,  each  passenger,  etc.,  etc. 
Similarly,  the  ocean  is  a  body,  or  we  may  take  as  a  body  any  portion  of  it  at  ptoM- 
3,  such  as  a  cubic  foot,  a  certain  bay,  a  drop,  etc. 

;c)  But  in  what  follows  we  shall  (as  already  stated)  consider  chiefly  rigid  bodfei; 

!.,  bodies  which  undergo  no  change  in  ihape,  such  as  by  beina  crushed  or  stretched 

pulled  apart,  or  penetrated  by  another  body.   All  actusl  bodies  are  of  conrse  more 

less  subject  to  some  such  changes  of  shape;  t.  «.,  no  body  i*  in  fact  abeolnteljr 

gid;  but  we  may  properly,  for  convenience,  suppose  such  bodies  to  exist,  because 

jiany  bodies  are  so  nearly  rigid  that  under  tirdlnary  circumstances  they  uod^^Tgo 

little  or  no  change  of  shape,  and  because  such  change  as  does  occur  may  be  ooo- 

•idered  under  the  distinct  head  of  Strength  of  Materials 

(d)  But  while  bodies  are  thus  to  be  regarded  as  incapable  of  change  of /orm,  H  Is 
squally  important  that  we  regard  them  as  ttwieeplxUB  to  change  of  petition  as  wMm. 
Thus,  they  may  be  upset  or  turned  around  horizontally  or  in  any  other  direction,  or 
moved  along  In  any  straight  or  curved  line,  with  or  without  turning  around  a  pcdnt 
within  themselves.    In  short  they  are  capable  of  motion,  as  wAoIsf. 
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Artm  9  (»)•  Matkom  of  a  body  to  ebangv  of  its  podtlon  In  relation  to  another 
body  or  to  K>me  real  or  imeglnarT  point,  which  (for  conrenleiice)  ve  regard  as  fixed, 
at  at  root.  Thus,  while  a  etone  fm  front  a  roof  to  the  ground,  iti  poeition,  relatirely 
to  the  root  to  constantly  changing,  oe  le  olfo  that  retotirelT  to  the  ground  and  that 
reUtlTely  to  any  given  point  in  the  wall ;  and  we  lay  that  the  etone  is  in  motion  rdor 
tiedp  to  eiiker  of  tkom  bodies,  or  to  any  point  in  them.  Bnt  if  two  etonee,  A  and  BL 
Ul  from  the  roof  at  the  oune  ioitant  and  reach  the  ftronnd  at  the  eame  (eaheeqnent) 
inetant,  we  say  that  although  each  movei,  relatirely  to  roof  and  ground,  vet  they 
have  HO  motion  rdaHndfi  to  oach  other;  or,  they  are  at  rnt  relativelv  to  each  other; 
for  their  puaition  in  regard  to  each  other  does  not  change ;  i.  e..  in  whatever  direction 
and  at  wliatever  distance  stone  A  may  be  from  etone  B  at  tne  time  of  starting,  it 
remains  in  that  same  direction,  and  at  that  same  distance  from  B  during  the  whole 
time  of  the  fall.  Smilarly,  the  roof;  the  wall  and  the  ground  are  at  rest  relatively 
to  eech  othxr,  yet  they  are  in  motion  relatively  to  a  falling  stone.  They  are  also  in 
motion  relatively  to  the  snn,  owing  to  the  earth's  daily  rotation  about  its  axis,  and 
Its  onnnai  movement  aronnd  the  snn. 

(b)  If  a  train-man  walks  toward  the  rear  along  the  top  of  a  flight  train  just  as 
flwt  as  the  train  moves  forward,  he  to  in  «noe<9n  relatively  to  the  train;  but,  as  a 
whole,  he  is  at  rod  relatively  to  luHdingM,  eta  near  by ;  for  a  spectator,  standing  at 
a  little  dtotanoe  fhnn  the  track,  sees  him  continually  opposite  the  some  part  of  such 
bmldlns,  etc  If  the  man  on  the  train  now  stope  walking,  he  comes  to  rut  relatively 
to  the  trainf  bnt  at  the  same  time  comes  into  motion  relatively  to  the  surrounding 
buOdingt,  eto^  for  the  specUtor  sees  him  begin  to  move  along  with  the  train. ; 

(e)  Since  we  know  of  no  absolutely  fixed  point  in  space,  we  cannot  say,  of  an) 
body,  what  its  ahmiulo  motion  to.  Oonseqnently,  we  do  not  know  of  such  a  thing  as 
obeolnte  red,  and  are  safe  In  saying  that  aU  bodies  are  in  motion. 

Art*  4  (a).  The  welocf  ty  of  a  moving  body  Is  its  rofe  of  motion.  A  body  (as  a 
railroad  train)  to  said  to  move  with  vatfbrm  weIoelt|r,  or  constant  Teloeit 7*9 
when  the  diMtaneoo  moved  over  in  equal  timot  are  oqml  to  tadt  otkeTf  no  matter  how 
small  tlMae  times  may  be  token. 

(b)  The  weloclty  In  •zpresscd  by  stating  the  didance  passed  over  during  tome 
oiwen  timoj  or  which  vovSd  oe  passed  over  during  that  time  if  the  uniform  motion 
oontlnned  so  long.  Thus,  if  a  railroad  train,  moving  with  constant  velocity,  passes 
over  10  miles  In  half  an  hour,  we  may  say  that  its  velocity,  during  that  time.  Is 
(1.  c,  that  It  moves  at  the  rate  of)  90  miles  j)er  hour,  or  106,000  feet  per  hour,  or  1780 
fv«-t  per  minute,  or  29^  feet  per  second.  Or.  we  may,  if  desirable,  say  that  it  moves 
at  the  rate  of  10  milea  in  half  an  hour,  or  68  f^t  in  thrto  seconds,  etc. ;  but  it  to 
generally  more  convenient  to  state  the  distance  passed  over  in  a  unit  of  time,  as  in 
one  day.  one  hour,  one  second,  etc. 

(e)  If;  of  two  trains,  A  and  B,  moving  with  constant  velocity, 
A  moves  10  miles  in  half  an  hour, 
B  moves  10  miles  In  quarter  of  an  boor, 

Oien  the  velodtfes  are, 

A,  20  miles  per  hoar, 

B,  40  miles  per  hoar. 

In  other  words,  the  velocity  of  a  body  (which  may  be  defined  as  the  didanoe  passed 
over  In  a  given  time)  Is  iHMrsely  as  the  time  required  to  para  over  a  given  distance. 

(d)  By  nmit  weloetty  to  meant  that  velocity  which,  by  common  consent,  Is  token 
OS  equal  to  unity  or  one.  When  BngUsh  messnres  sre  used,  the  unit  velocity  gear 
erally  adopted  in  the  study  of  Mechanics  is  1  foot  per  second. 

fe)  When  we  say  that  a  body  has  o  velocity  of  20  miles  per  hoar,  or  10  feet  per 
second,  etc,  we  do  not  imply  that  It  will  necessarily  travel  20  miles,  or  10  feet,  etc : 
for  It  may  not  have  snfflclsnt  time  finr  that  We  meon  merely  that  it  is  traveling  at 
the  rate  of  20  miles  per  hoar,  or  10  feet  per  second,  etc. ;  so  that  ifU  eowthmed  to  move 
at  that  ssme  rate  for  on  hoar,  or  a  second,  etc.  It  would  travel  20  miles,  or  10  feet,  etc 

(t)  When  velocity  inereaeee.  It  to  said  to  be  aeeelemted.  When  it  deereaseSt 
it  Is  said  to  be  retarded*  If  the  acceleration  or  retardation  is  In  exact  proportion 
to  the  time ;  that  is,  when  darincany  and  every  equal  interval  ef  time,  the  same  degree 
of  change  takes  place,  it  is  mri/ormlif  accelerated,  or  retarded.  When  otherwise,  the 
words  varia^  and  variabljf  aro  used. 

(c)  A  body  may  have,  at  the  same  time,  tiv^o  or  naore  Independent  weloel* 
tl«i  requiring  to  be  considersd.   'For  Instanos,  a  boll  ftrsd  vertically  upward  from  a 
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can,  and  then  lUUng  again  to  the  eartli,  baa.  dortnc  tha  whole  time  of  its  xtaa  and 
&11,  (1ft)  the  vmiform  tmward  Telocity  with  which  ItleaTee  the  mnsaie,  and  (Sad)  the 
wntinually  aoeeUrated  downward  velocity  given  to  it  by  gravltyt  which  acte  npon  it 
during  the  whole  time.  Its  rmuilatU  (or  apparent)  Telocity  at  any  moment  is  tb« 
d^ermoe  between  theae  two. 

Thna,  immedlatoly  alter  leaTfng  the  gnn.  the  downward  Telodty  giTen  bj 
graTity  ia  very  amidl,  and  the  reealtant  Telocity  ia  therefore  opward  and  rery 
nearly  equal  to  the  whole  upward  Telocity  due  to  the  powder.  But  after  awhile 
the  downward  Telocity  (by  oooatantly  increaaing)  becomea  equal  to  the  upward 
Telodty;  t*.  e.,  their  difrerance,  or  the  resultant  velocity,  becomea  nothing;  the  ball 
at  that  inatant  atanda  atill ;  but  Ita  downward  Telocity  continuea  to  incraaae,  and 
immediately  becomea  a  little  greator  than  the  upward  Telocity ;  then  greater  and 
greater,  until  the  ball  atrikea  the  ground.    At  that  inatant  ita  reaultant  Telocity  la 


f  the  downward  Telocity  which  it  would  )         f   the  uniform  upward 
mm  J  haTe  acquired  by  falling  daring  iJu      X  —  ^  Telocity  givan  by  tfad 
I         whoUHmeo/ itiriMeandfaU.  )         (,  powder. 

We  haTe  here  neglected  the  reaiaUnce  of  the  air,  which  of  courae 
the  aacent  and  the  deacent  of  the  balL 

(h)  Aa  a  fbrther  illaatration.  regard  a  &  n  c  aa  a  raft  drifting  in  the  direetioQ 
e  a  or  n  ft.  A  man  on  the  rail  walka  with  uniform  velocity  from  oorner  n  ia 
comer  e  while  the  raft  drifta  (with  a  uniform  velocity  a 
little  greater  than  that  of  the  man)  through  the  disUneen  6. 
Therefore,  when  the  man  reachea  comer  e,  that  comer  haa 
moTed  to  the  point  which,  when  he  atarted,  waa  occupied  by 
a.  The  man'a  reaultant  motion,  relatively  to  the  bea  of  the 
riTer  or  to  a  point  on  ahore^  haa  therefore  been  n  a,  Hia 
motion  at  right  angles  to  n  o,  due  to  hia  walking,  ia  <  e,  but 
that  due  to  the  drifting  of  the  raft  ia  o  ft.  Theae  two  are 
equal  and  oppoaito.     Hence  his  remUant  motion  at  right  IL. 

angles  to  n  a  ia  nothing ;  he  does  not  moTe  ttom  the  line  n  a. 
HlB  walking  moves  him  through  a  distance  equal  to  n  t,  in  the  direction  n  a; 
and  the  drifting  through  a  diaumce  equal  to  <  a,  and  the  aum  of  theae  two  ia  n  a. 

(1)  All  the  motioDB  which  we  aee  given  to  bodiea  are  but  ehamgn  in  their  unknown 
tJbtofAUe  motiooa.  For  oonvenienoe,  we  may  confine  our  attention  to  aome  one  or 
more  of  theae  changaa,  neglecting  others. 

Thua,  in  the  caae  of  the  ball  fired  upward  from  a  gun  (aee  (y)  above)  we  amy 
neglect  ita  uniform  upward  motion  and  coneider  only  ita  constantly  aeoelerated 
downward  motion  under  the  action  of  graTlty ;  or,  aa  ia  mora  uanal,  we  may  conaidar 
onlT  the  rwiUant  or  apparmt  motion,  which  ia  first  upward  and  then  downward.  In 
both  caaes  we  neglect  the  motiona  of  the  ball  cauaed  by  the  aeTeral  motiona  of 
the  earth  in  apace. 

Art*  5  («)•  Foroe,  Um  eaiaaa  of  duuaga  of  naoUon*  Sappoae  » 
Mriectly  amooth  ball  raating  upon  a  perfectly  hard,  frictlonleas  and  IsTel  aurfboa^ 
ind  auppoae  the  reaiatance  of  the  air  to  be  remoTed.  In  order  to  merely  more  the 
»all  horlBontally  (i.  a.,  to  aet  it  in  motion — to  change  ita  state  of  motion)  aome /oree 
pust  act  upon  it.  Or,  if  auch  a  ball  were  already  in  motion,  we  could  not  retard 
or  haaten  it,  or  turn  it  from  Ita  path  without  exerting  force  upon  It  For,  aa  atetnd 
in  Slewton'a  flrat  law  of  mottoa&.  ««awcr]r  body  rontlnmea  Im  Ite 
state  of  reat  or  of  motion  in  a  straight  lina,  except  in  so  far  as  it  may  be  com- 
peUed  by  impraaaed  forces  to  change  that  stete."  On  the  other  hand,  if  a  force  acte 
upon  a  body,  the  motion  of  the  body  must  undergo  change. 

(b)  Foroa  la  an  aetlon  between  two  bodtee,  tondtnc  eltlter  to 
■eparato  tbem  or  to  brlnf^  tbena  cliMer  toffetber.  For  Tnatanoe,  when 
a  atoue  fUIa  to  the  ground,  we  explain  the  &ct  by  aaylng  that  a  force  (the  attraction 
of  graTitotlon)  tenda  to  draw  the  earth  and  the  aione  together. 

Majrnetic  and  electric  attraction,  and  the  ooheaiTe  force  between  the  partidea  of  a 
body,  are  other  Instanoea  of  attractive  foroe. 

(c)  Foree  applied  bj^  contact.  In  practice  we  apply  force  to  a  body  (V) 
by  caualng  contact  between  it  and  anothi«r  body  (A)  which  has  a  tendeiRy  to  motion 
toward  B.  A  rf/mMn  foree  ia  thua  called  into  action  b^tw^en  fhf  twn  bodiea  (io 
aome  way  which  we  cannot  und«tratond),  and  thia  foroe  pushes  H  forward  (or  fa  tba 
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MrMllon  <a  A'kteadaooj  tomoT«)  and  posliM  A  bMkward,  thw  dimiMiMmg  its  foi^ 
ward  tendency  * 

If,  for  instance,  a  ttone  b«  laid  npon  the  groaud,  It  tende  to  more  downward,  bnt 
doee  not  do  to,  beeeuM  a  repntoive  force  pothes  it  and  the  earth  apart  JnU  ae  bard  ae 
the  force  of  ipraTity  tends  to  draw  them  together. 

Similarly,  when  we  attempt  to  lift  a  moderate  weight  with  onr  hand,  we  do  so  bj 
giTing  the  hand  a  tendency  to  move  upward.  If  tae  hand  slips  fhun  the  weight 
this  tendency  moyea  the  hand  rapidly  upward  before  onr  wUf  force  can  check  It 
^t  otherwise^  Uie  repnlsiTe  force,  generated  by  contact  between  the  hand  (tending 
apward)  and  the  weight,  mores  the  latter  upward  in  spite  ef  the  force  of  gravity, 
and  pnshes  the  hand  downward,  depriving  tt  of  much  of  the  upward  Telocity  which 
It  would  otherwise  have.  Ii  is  perhaps  chleflv  tcom  the  eflbrtf  of  whidk  we  are 
eonscions  in  such  cases,  that  we  derive  oar  notions  of  *'forr««" 

When  a  moving  billiard  ball,  A,  striken  another  one,  B,  at  rest  the  tendency 
of  A  to  continue  moving  forward  is  n-slsted  by  a  repulsive  force  scting  between  It 
and  B.  This  force  poshes  B  forward,  and  A  bHckward,  retarding  its  former  velocitr. 
As  explained  in  Art  83  (a),  the  repulsive  force  docs  not  exist  in  either  body 

until  the  two  meet 

(d)  The  repulsive  force  thus  generated  by  contact  between  two  bodies.  c<tttlnues  to 
set  only  so  long  as  they  remain  in  contact,  Mud  only  so  long  as  they  tend  (from 
aoaw  extnAeoos  cause)  to  oona  closer  together. 


(•)  9or««  »cta  vltlMr  aa  a  pvll  or  «•  a  pualfc.  Thus,  when  a  weight 
Is  sospaaded  by  a  hook  at  the  end  of  a  rope,  gravity  jmttt  the  weisfat  dewnvrard,  the 
weight  puaha  the  hook,  and  the  hook  pmOM  the  rope,  each  of  tbese  actions  being 
accompanied,  of  coorsp,  by  its  corresponding  snd  opposite  **reactiou.**  When  two 
bodies  ooDids^  each  pnshfs  the  other,  generally  for  a  rery  short  time. 

(f)  BqwsJHr  •^■atl«B  and  reaetloia.  A  force  always  exerts  itself  •qvoM^ 
upon  the  two  bodies  between  which  it  acts.  Thus,  the  force  (or  attraction)  of 
graritation.  acting  between  the  earth  and  a  »tone,  draws  the  earth  upward  Just  as 
hard  as  it  draws  the  stone  downward ;  and  the  repulsive  force,  acting  between  a 
table  and  a  stone  resting  upon  It  pnriiee  the  table  and  the  earth  downward  Just  as 
hard  as  it  pushes  the  stone  upward.  This  is  the  fhct  expressed  by  Neisrton's 
tfalrd  laisr  of  naotloiiy  that  "to  erery  action  there  is  always  an  equal  and 
ooBtrary  reaetkm.'*    For  measnrss  of  forc^,  see  Arts.  11, 12, 13. 

If  a  cansoB  hall  in  Its  flight  onti  a  leaf  from  s  tree,  we  say  that  the  Uaf  has  reacted 
against  tlie  teS  with  prwdsely  the  asme  force  with  whfoh  the  ball  acted  against  the 
loaL  That  dsgree  of  force  was  snfflcieBt  to  col  off  a  lea^  but  not  to  arrest  the  ball. 
A  ^ip  of  war.  In  runnlnc  against  a  canoe,  or  the  fist  of  s  pos:illst  striking  his 
opponent  in  the  fooe,  receives  as  Tiolent  a  blow  as  it  gives ;  but  the  same  blow  that 
will  upset  or  sink  a  canoe,  will  not  afpr^ekMijf  affect  the  motion  of  a  ship»  and  the 
blow  which  may  seriously  damage  a  nose,  mouthy  or  syea,  may  have  no  such  effect 
apoo  hard  knuckles. 

The  resfetance  which  an  abutment  opposes  to  the  presBort  of  an  arch ;  or  a  retain- 
Ing-wall  to  the  presrare  of  the  earth  behind  it  Is  no  greater  than  those  pressures 
themselves;  but  the  abutment  and  the  wall  are,  for  the  eake  of  lafety,  made  ctmdblt 
of  sosiaiBii^  mueh  greater  pressures,  in  esse  acddental  circumstances  should  pro* 
duos  such. 

(^)  In  most  practical  casss  -w  liaT«  to  eiMaslder  onl^ona  of  the  two  bodies 
between  which  a  force  acts.  Hence,  for  convenience,  we  oomnonly  apeak  as  if  the 
force  were  divided  into  two  equal  and  opposite  forces  one  for  each  of  the  two  bodies, 
•ad  confine  our  attention  to  oim  of  the  bodies  and  the  foree  acting  upon  it,  neglect- 
ing the  other.  Thus  we  may  speak  of  the  force  of  steam  in  an  engine  as  acting 
upon  the  jnifon,  and  neglect  its  equal  and  opposite  pressure  against  the  head  of 
iSb»  cylinder. 

(la)  That  point  of  a  body  to  which,  theoretically,  a  foree  is  applied,  is  called  the 
potaat  ofajppllcatloii.  In  practice  we  cannot  apply  force  to  a  iK>ifnl,  according 
to  the  seientac  msanlng  of  that  word :  but  have  to  anply  it  distributed  orer  an  ap- 
ireciaUe  oraa  (sometimes  Tery  Urge)  of  the  surfoce  of  tne  body. 

•  We  ordioarfly  express  all  this  by  saying  simply  that  A  pushes  B  forward,  and  this 
is  sofflciently  exact  for  practical  purposes;  but  it  is  well  to  recognise  that  It  is  merely 
a  oonTcnlent  expressfon  and  does  not  fblly  state  the  (hcts,  and  that  every  force  iMCst- 
aarUt  oonalsis  of  two  equal  sad  opposite  pulls  or  poshes  exerted  between  two  bodiea 
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For  the  present  we  shall  assume  that  the  line  of  aoUoD  of  the  force  psseea 
through  toe  center  of  graTity  of  the  body  and  forms  a  right  angle  with  the  sur- 
£u)e  at  the  point  of  application. 

Alt*  7  («)•  Aeoeleratlon*  When  an  unresisted  force,  acting  npon  a  body, 
sets  it  in  motion  (t.  e.,  gives  it  Telocity)  in  the  direction  of  the  force,  this  Telocity 
incr«aae$  as  the  force  continues  to  act;  each  equal  intenral  of  time  (if  the  force 
remains  constant)  bringing  its  own  equal  increase  of  velocity. 

Thus,  if  a  Btone  be  let  blL  the  force  of  graTltr  gives  to  IL  in  the  first  in- 
oonoelvably  short  interval  of  time,  a  small  velocity  downward.  In  the  next  eqoal 
interval  of  time,  it  adds  a  second  eanal  velocity,  and  so  on,  so  that  at  the  end  of 
the  second  interval  the  velocity  of  the  stone  is  twice  as  great,  at  the  end  of  the 
third  interval  three  times  as  great,  as  at  the  end  of  the  first  one,  and  so  on.  We 
may  divide  the  time  into  as  small  equal  intervals  as  we  please.  In  each  such 
interval  the  constant*  force  of  gravity  gives  to  the  stone  an  equal  increase  of 
velocity. 

Such  increase  of  velocity  is  called  acceleration.t  When  a  body  is  thrown  vertically 
upward,  the  downward  acceleration  of  gravity  appears  as  a  reeardotf on  of  the  npward 
motion.  When  a  ibrce  thus  actt  against  the  motion  nnder  consideration,  its  accel«ra- 
tion  is  called  neffothe. 

Art*  8  (a).  The  rate  or  a«eel«rattont  is  the  acceleration  which  tskea 
place  in  a  given  Hm$,  as  one  second. 

b)  The  unit  rate  of  aooeleratlon  is  that  which  adds  unit  of  velocity  in  a 
lit  of  time;  or,  where  English  measures  are  used,  one  foot  per  second, jper  teoond, 
(o)  For  a  gitten  raU  of  acceleration,  the  total  accelerations  are  of  coarse  propor- 
tional to  the  timet  daring  which  the  velocity  increases  at  that  rate. 

Art.  O  (a).  I<aTra  of  aooeleratlon*  Suppoae  two  blocks  of  iron,  one  (which 
we  will  call  A)  twice  as  large  as  the  other  (a),  placed  each  upon  a  perfectly  fricnonleas 
and  horizontal  plane,  so  that  in  moving  them  horizontally  we  are  opposed  by  no  force 
tending  to  hold  them  stilL  Now  apply  to  each  block, 

through  a  spring  balance,  a  pull  such  as  will  keep  the  pointer  of  each  balance  always 
at  the  same  mark,  as,  for  Instance,  constantly  at  2  in  both  balances.  We  thus  have 
equal  forces  acting  upon  unequal  masBes.|  Here  the  rate  of  acceleration  of  a  la 
double  that  of  A ;  for  wl&en  tUe  fbrooa  are  cqnal  tho  rates  of  SMoelera- 
ratiou  are  Inwerseljr  as  tl&e  nuusee* 

In  other  words^  in  one  second  (or  In  any  other  given  time)  the  small  block  of  iiOB, 
a,  will  acquire  twice  the  increase  of  velocity  that  A  (twice  as  large)  will  aoqnire;  so 
that  if  both  blocks  start  at  the  same  time  from  a  state  of  rest,  the  smaller  one,  a,  wili 
have,  at  the  end  of  any  given  time,  twice  the  velocity  of  A,  which  has  twice  its  maas. 

(b)  Again,  let  the  two  masses,  A  and  a,  be  equal,  but  let  the  force  exerted  npon  a 
e  twice  that  exerted  npon  A.    Then  the  rate  of  acceleration  of  a  will  (as  before)  be 

ice  that  of  A ;  for,  wnen  tlie  nkaaeee  are  eqnal,  tlie  rates  of  aooelcra* 
ttlon  are  directly  as  tlie  ttorees* 

(c)  We  thus  arrive  at  the  principle  that  in  any  case,  tlie  rate  of  aeeel- 
ration  is  directly  proportional  to  tne  force  suid  inversely 
•roportlonal  to  ilie  mass* 

*  We  here  speak  of  the  force  of  gravity,  exerted  in  a  given  place,  as  oonrtant, 
becaoso  It  is  so  for  all  practical  narposss.  Strictly  speaking,  it  increases  a  very  little 
as  the  Btone  approaches  the  earth. 

t  Since  the  rate  of  acceleration  Is  generally  of  greater  consequence.  In  lCeehani»«. 
than  the  total  acceleration,  or  the  <* acceleration"  proper,  snientlfio  writers  (for  the 
sake  of  brevity)  use  the  term  **  acoeleration "  to  denote  that  rote,  and  the  tpnn 
**  tntcd  acceleration  "  to  denote  the  total  increase  or  decrease  of  velocity  oconrrioic 
durinie  any  given  time.  Thus,  the  rate  of  acceleration  of  gravity  (about  33.S  ft  pvr 
second  per  second)  is  called,  simply,  the  **  acceleration  of  gravity."  As  we  shall  nnt 
have  to  use  either  expression  very  frequently^  we  shall,  generally,  to  avoid  mlsapprn- 
henslon,  fdvo  to  eadi  idea  its  ^0  name;  thus,  ** total  acceleration**  for  the  «9A<ils 
change  of  vdodty  In  a  given  case,  and  "  rate  of  acceleration  *'  for  the  rate  of  that 
change. 

t  The  mass  of  a  body  Is  the  quantity  of  matter  that  it  contains. 
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^^L^U,^^^^^^rSZS^  to  the  two  mmm,  tue  m«. 
iwiSiJf'^^Jl*!?'  •  «f~*«'  '*>«*  *«  required  to  Impui  a  gtven  Telodtr  to  a  ffiTen 

SS^IJTfS  2l"''J'M"!'".  "^1  •  ^"^  tnUn  of  cam  would  map  initaiitly  under  a  pSli 
SSl?iSR?7*  J?  "*•  *^",*?  *^^  teoonds  a  Telocity  of  tweSty  milee  Mr  hour  .ud^ 
PO«ii«  a  sufflciently  powerful  locomotlTe  to  exist  In  maiiT  such  cawt  ther^foS/^ 
fcwe  to  be  contented  with  adowJnrt«Ml  of  a«pidl:^teiXS.^^*'*"'^^^ 
w  JS'iSSS-^!  L!!i*^°  a  weight  of  one  pound  fuapended  from  our  hand.  If 
we  wiflh  to  impart  a  great  upward  Telocity  to  the  weight  imaven  short  fai«<  we  «tI. 

(f)  When  a  stone  (kUa,  the  /orc«  puUing  the  earth  unward  i«  f^m  ««L-.i.»^  v  v 
mXOMl  to  that  which  puUs  the  ^ne  dowalartL  bSt  Uie  ma«  of  /S  2^1 1^  '^f^ 
^Mter  than  that  of  the  stoiie  that  Its  moSn  1  s  toLH?1mLJS.nri^^«  V^J*^*? 

in  otHer  parts  of  the  earth.  Henoe  we  are  praetioaliv  though  ro*  ../.^j^iui-.  -i  ci 
when  we  aay  that  the  earth  remains  at  rest  wTCSTitone  fafta.  *^*^'"'*^'  ^^^ 
*J^  ^?*  !S  *t*  ^  ®'  ^  *^°  WUiard  balln  (Art.  6c,  p.  888).  we  can  clearly  see 

Kl'  575*^.  ^r  I*?  ;!?•  »oT  »^«  torwerd,  while  the  forwl" '  tS^ t J  ^f  tS 
flm  one.  A,  to  diminished  or  destroyed,  Its  backward  motion  thus  appearing  aTl 
wtorAiKen  of  its/onMrd  motion.    And,  (since  the  same  force  acts  upfrboth  biSi) 

2^  '•  2^  ::  »to  of  acceleration  .  rate  of  negatlTe  acceleration 
ofAofB  ofB  ofA 

«r  (daee  the  feree  acts  for  the  same  time  upon  both  balls) 

■»"  .  »■»  . .  forward  Telocity  .  loss  of  forward  Telocity 
ofA'ofB"  OfB  of  A 

^^  %!i"-  1^  "•?  ^^"^  K/»»  weight  of  20  tons;  but  if  it  be  placed  upon 
pnip^  friction  rollerahe  can  mov*  It  horlwmtally,  as  we  see  in  some  diawbridiceiL 
tanitablee.  Ac;  and  If  friction  and  therestotanoe  of  the  air  could  be  entirely  remo^. 
he  could  moTe  It  by  a  single  breath ;  and  It  would  continue  to  moTe  foreyer  after  the 
fores  of  the  hreath  hwi  ceui^  to  act  upon  It.  It  would,  howeTer,  move  very  slowly! 
becanee  the  force  of  tiie  single  breath  would  haTe  to  diffuse  Itself  among  20  tons  S 
■11^.  Hecan  moTe  it,  If  It  be  placed  In  a  suitable  Tessel  In  water,  or  ff  suspend^ 
from  a  long  rope.  Apowerful  locomotiTe  that  may  more  2000  tons,  cannot  lift  10  tons 
TertlcaUT* 

If  we  imaslne  two  bodies,  each  as  large  and  heavy  as  the  earth,  to  be  precisely 
iMlanoed  In  a  pair  of  scales  witiiout  friction,  a  single  grain  of  sand  added  to  eittier     A 
•-ale-pan,  woufdglTe  motion  to  both  bodies.  J 

i^'l:*^^*^'  *"»•  «>n»t»nt  force  of  gravity  to  a  uniformly  accelerating  force  ■ 
when  It  acts  upon  a  body  ftlUng  lh>ely ;  for  It  then  Increases  the  velocity  at  the  uni-  1 
form  rate  of  J,22  of  a  foot  per  second  during  every  hundredth  part  of  a  second,  or  32  2  1 
foet  per  second  in  everr  second.     Also  when  it  acta  upon  a  body  moving  down  an  In- 

Sclined  plane ;  although  In  thto  case  the  Increase  to  not  ao  rapid,  because  It  is  caused 
^®f '^  ^^"  **  *°®  «»^Ity,  while  another  pert  presMS  the  body  to  the  plane,  and  a 
irdpart  overcome*  the  friction.  It  to  a  uniformly  retarding  force,  upon  a  body 
ttirown  Tertlcally  upward;  for  no  matter  what  may  be  the  velocity  of  the  body 
when  pr^ected  upward.  It  will  be  dimintohed  .322  of  a  foot  per  second  in  each 

mttre  aeoond.    At  le^t,  ■nch  woul/be  the  case  were  It  not  for  the  Tarylng  redstanoe 
of  the  air  at  different  velocities.    It  to  a  uniformly  straining  force  when  It  mmes  a 

"St^^^t^t^'^^'oSrX^^^^  l^ut  merely  differ^n^  WnSsoJ 

JS-Bri*^*^^?  ^••^ P«'r»°S Jscalled the suMMdleratloii  otgrm^trt  and 

by  sdentiflc  writen  to  oonTentionally  denoted  by  a  smaU  g  |  or,  more  Mrwctly  ieak- 
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tag;  slnoe  the  Moatoralloii  li  Mt  jpneinly  ttt*  mm  al  all  pwti  ef  th«  «rth,  « 
dsBOtet  the  Aooel«ntloii  p«r  MeoM,  whatever  It  may  be,  atAnjr  partloular  plaoa. 

Art.  11  (»).  Ralwtiom  b«tw«cn  fbrctt  and  buum*  The  mass  of  a  body 
is  the  qaantity  of  matter  which  it  contains.  One  cubic  foot  of  water  has  twic$ 
•s  great  a  mass  aa  hatf  a  cubio  foot  of  water,  but  a  Ust  mass  than  ofia  oabiQ 
fbot  of  iron.  Thus,  the  tat  of  a  body  is  a  measure  of  mass  between  bodies 
of  the  tame  material*  but  not  between  bodies  of  d^erent  materials. 

(b)  When  bodies  are  allowed  to  fall  flreely  in  a  Tacaum  at  a  gfren  plaoe^ 
Ihe^  are  found  to  acquire  equal  Teloclties  in  any  giyen  time,  of  whatever 
different  materials  they  may  oe  composed.  From  this  we  know  (Art.  9  (dl, 
p.  885),  that  the  forcee  movinK  them  downward,  Tia.:  their  respeotiTe  wtigkU 
at  that  place,  must  be  proportional  to  their  tnattet. 

Thus,  in  anff  given  places  the  weight  of  a  bodv  is  a  perfect  measore  of  its  mom 
But  the  weight  of  a  Kiven  bodv  ehangee  when  the  body  is  moved  fh>m  one  level 
above  the  sea  to  another,  or  from  one  latitude  to  another;  white  the  matt  of 
the  body  of  coume  remains  the  tame  in  all  places.  >Thu8|  a  piece  of  Ironwhtck 
weighs  a  pound  at  the  level  of  the  sea,  will  weigh  Utt  than  a  pound  by  a  spring 
balance,  upon  the  top  of  a  mountain  close  by,  because  the  attraction  between 
tbe  earth  and  a  given  mass  diminishes  when  the  latter  recedes  Arom  the  earth*a 
eenter.  Or  if  the  piece  of  iron  weighs  one  pound  near  the  North  or  South 
Pole,  it  will,  for  the  same  reason,  weigh  Utt  taan  a  pound  by  a  spring  halanoe 
If  weighed  nearer  to  the  equator  and  at  the  same  level  above  the  sea. 

The  difference  in  the  weight  of  a  body  in  different  localities  is  so  alight  aa 
to  be  of  no  aocount  in  questions  of  ordinary  practical  Mechanicsi*  bat 
•oientiflc  exactness  requires  a  measure  of  mass  which  will  give  the  same 
expression  for  the  quantity  of  mattor  in  a  given  body,  wherever  it  may 
be;  and,  since  weighing  is  a  very  convenient  way  of  arriving  at  the  quantity 
of  matter  in  a  body,  it  w  desirable  that  we  should  still  be  able  to  express  the 
mass  in  terms  of  the  weight  Now,  when  a  given  body  is  carried  to  a  higher 
level,  or  to  a  lower  latitude,  its  loss  of  weight  is  simply  a  decrease  in  the  force 
with  which  gravity  draws  it  downward,  and  this  same  decrease  also  causea 
a  decrease  of  the  veloeiiu  which  the  body  acquires  in  falling  during  any 

Slven  time.    The  change  in  Telocity,  by  Art.  9  (6),  p^  884,  is  necessarily  propor- 
onal  to  the  change  in  weight 

Therefore,  if  the  weight  of  a  body  at  any  place  be  divided  bv  the  Telocity 
which  gravity  imparts  in  one  seoona  at  the  same  place  (and  called  Cf  or  the 
eteoeleratioH  of  gravity  for  thai  place),  the  quotient  will  be  the  same  at  aH  plaoea^ 
and  therefore  serves  as  an  invariable  measure  of  the  mass. 

(e)  Bv  common  consent,  the  milt  of  maa%  in  scientific  Mechanics,  is  saUl 
to  be  that  quantity  of  matter  to  which  a  unit  of  force  can  give  unit  rateo€ 
^weleration.  This  unit  rate,  in  countries  where  English  measures  are  used* 
one  foot  per  second,  per  second.  1 1  remai ns  then  to  a^J ust  the  units  of  /oroe 
id  of  matt.  Two  methods  (an  old  and  a  new  one)  are  in  use  for  doing  thia. 
e  shall  refer  to  them  here  as  methods  A  and  B  respectively. 


rd^  la  mefluMi  A.  still  generally  used  in  questions  of  ttatiet^  the 

Z  nnree  is  fixed  as  that  foroe  which  is  equal  to  the  voetght  of  one  pound  in  m 
certain  place;  <.  a,  the  force  with  which  the  earth  at  that  place  attracts  » 
certain  standard  piece  of  platinum  called  a  pound:  and  the  unit  of  matt  %a 
not  this  standard  piece  of  metal,  but,  as  stated  in  (c)t  that  muts  to  which  this 
nnft  foree  of  one  pound  gives,  in  one  second,  a  velocity  of  one  foot  per  second. 
Now  the  one  pound  at^action  of  the  earth  upon  a  mass  of  one  pound  will 
<Art  1,  p.  830)  in  one  second  give  to  that  mass  a  velocity  —  ^  or  about  82  feet 
per  second;  and  (Art  9  (a),  pw  w4),  for  a  given  foro«  the  masses  are  inversely  as 
the  velocities  imparted  in  a  glren  time.  Therefore,  to  give  in  one  second  » 
velocitv  of  only  one  foot  per  second  (instead  of  a  or  about  32)  the  one  pound 
unit  of  fores  would  have  to  act  upon  a  mass  g  times  (or  about  82  times)  that 
which  weighs  one  pound. 

This  oould  be  accomplished,  with  an  Atwood*s  machine,  Art.  16  (e),  p.  889, 
by  making  the  two  equal  weighu  each  »  15}^  lbs.  and  the  third  weight  -  1  lb. 

*The  greatest  discrepancy  that  can  occur  at  various  heights  and  latitudeii. 
by  adopting  weight  as  the  measure  of  quantity,  would  not  be  likely  to  exeeed 
1  in  800;  or,  uncfer  ordinary  circumstances,  1  in  1000. 
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By  meffaod  A,  tfaerafbn,  the  wtit  of  mam  is  g  times  (or  sboai  St  times)  the 
■BSBS  of  tile  sCsAdard  piece  of  metel  eelled  a  eound;  i  s.,  a  body  oontainliu 
one  fliieli  oatt  of  mass  weighs  g  lbs.  or  about  3S  lbs.;  or,  Ibjr  lastli^*  A» 

the  ipe^A<  of  any  given  body  _.v  thesMMof  the  body, 
inlba.  »^      inanlteofmass. 

tfaeiMMof  abody.inimiesof  mass  -  foe  weight  of  the  body,  in  ponnda 
Par  iastuiee: 

in  a  body  weighfaig  the  mass  is  about 

H  pound  ^  unitof  mass 

1   -  ^  '   ' 

«    "  A   "    - 

n     «  1     ••     t. 

w      "  J      «      • 

It  has  been  suggested  to  call  this  unH  of  mass  a  ••Matt'* 
(•)  In  BMtHod  By  the  mau  of  the  standard  pound  piece  of  pintlnnm  is  taken 
as  the  viftlt  of  mass  and  ia  called  a  pound  t  and  the  force  which  will  j^lve 
to  it  in  one  second  a  Telocity  of  one  foot  per  second  is  taken  as  the  unit  otjSrc*, 
This  small  unit  of  force  is  called  a  jponndal*  In  order  that  it  may  in  one 
aeoond  give  to  the  mass  of  one  pouna  a  velocity  of  only  one  foot  per  second,  it 

must  (by  Art  %%\  ^  -^  (oi*  <^^a^  •^)  of  the  weight  of  said  pound  mass. 

Henoe,  "hf  nethod  B, 
the  ««t  of  any  given  body,  in  yoiaafa-*fa^*^*<°^*>'»^>«^<^f^*'<fa^ 

and  ^ 

tbewe^Afof  abody.inpowKEaet^pXtheflMn  of  the  bodyinjwaiMb. 


In  a  body  weighing  (he  mass  of  the  body  Is  about 

}^  poosdal  —  ^  pound  ^  pound 

1    -     -A  -  A  - 

«    •      -A  •  A  - 

aa     «      - 1     *>  1     " 

M     *•       —  a     •  1     « 

(ff)  la  the  C  G.  S.  (centtOMter-ffnun-fleeondl)  ajratem,  a  force  of 
djrne,  acting,  for  1  aeoond,  upon  a  mass  of  1  Krana,  jpree  It  a  velocity  of 
eentimeter  p«r  aeeond.    See  alao  Art.  17  (b),  p  841. 


1   _ 
1  eem 

Art.  12  ( n)  •    The  product,  foree  X  time,  is  called  ImpnifaM.    The  product, 
mass  X  velodtj,  ia  aaUed  momentnaa. 

Aeoordiog  ie  Hevt«ift'a  aeeond  Inv  of  motion. 


Force  X  time  =-  nnas  X  velocity  \    «-/..-, 
orlnpalse     ■=•     momentam*    /    ^^  J*      »•»•... 

impulie       masi  X  velocity       momentum,  .       »  v 

time     "^  time  "°        time      »**•'""     i 

impulse       mass  X  velocity       momentam  ^       m  v 

—^ «>  O. L   «  _ .;     or     I  n  -7- 

force  force  force  / 

^^^    ^  momentum  ^  force  X  time  ^   impulse,  /  < 

^"^    °*     veloeity     ~       velocity        *"    velocity'    <»»»="    ^ 

^ _,_.._       momentum       force  X  time      impulse.    _  /I 

veioetty  ^  — ■  «■  •  ^  ;   or   v  a>  *— 


.(1) 

(2) 

.(8) 

.(*) 

(6) 


*8tiistly,  impalsa  «■  oAan^  of  mcoientttm ;  but  we  hereassumo  that  the  chaafi 
la  flmm  or  to  a  atata  of  rsti;  so  that  momtatina  w  ehangs  of  aMmentam. 


Digitized  by\jOOgl€ 


338  FOBCE  IN  BIQID  BODIES. 


Let  a  force,  /,  of  3:^0  poundale  ( =  say  10  pounds  *)  act,  for  3 
upon  a  mass,  m,  of  6  lbs.  (—  say  %a  matt).  Here  the  force, /,  is  twice  u 
weight  of  the  mass,  m.  Hence  the  acceleration  will  be  twice  that  of  gravit; 
i.  e.,  say  64  ft  per  sec  per  sec;  and  the  velocity,  generated  in  3  sees,  will  I 
3  X  64  =  192  ft  per  sec;  and  we  have,  from  £q  (1): 


Force  X  time     =  impulse         =  mass       X  velocity    =    momentum 
320  pdl  X  3  sec    =960  pdl-seo    =  5  lbs.      X  192  ft/sec  =  060ft-lb/Bec 
10  pd   X  3  sec    =    30  pd-sec     =  ^matt  X  192  ft/sec  =   30  f  t-matt/eeo 

From  Eq  (2)  we  see  that  force  =  time  rate  of  ctaanire  of  mo- 

meniDin.  Hence  the  momentum  of  a  body,  moving  with  a  given  veloc- 
ity, is  numerically  equal  to  that  force  which,  in  unit  Hme,  can  produce  or 
destroy  that  velocity  in  that  body.  Thus,  forces  are  proportional  to  the 
momentums  which  they  can  produce  (or  destroy)  in  a  given  time;  or,  in 
a  given  time,  equal  forces  produce  (or  destroy)  equal  momentums.  There- 
fore a  force  must  always  produce  equal  and  opposite  changes  of  momentum 
in  the  two  bodies  between  which  it  acts.    See  Art.  5  (b). 

If  a  force,  /,  whose  amount  is  10  poundals,  act  upon  a  mass,  m,  of  5 
lbs,*  its  intenstty  is  i%  =  2  poundals  per  lb.*    A  force  of  given  inlenaiiy 
will  always  produce  its  proper  rate  of  accelercUion  f,  or  time  rate  of  change 
of  velocity.    Thus: 
a  force  intensity  of  1  pdl  per  lb*  produces  an  accel.,  a,  of  1  ft/sec/sec. 

I*  ««  «(  •<      Q         ««  «t  •!  ••  («  «(  ««  4*       A  <l 

••  •«  it  «t      ^         t*  *•  ••  ««  •«  tt  •«  It       _  (t 

The  intettsity  (or  acceleration)  of  cravitT,  or  the  acceleration 
produced,  in  any  mass,  by  its  weioht,  is  called  ff,  ana  at  sea  level  is  about 
32.2  feet,  or  981  centimeters,  per  second  per  second.    See  p  348. 

Art.  18  (a).  A  force  is  commoiily  meaeared  bv  ascertaining  the 
amount  of  some  other  force  which  it  can  counteract.  Thus,  a  spring  oal- 
ance  ^ves,  by  its  scale,  the  amount  of  the  tennon,  in  the  spring,  which 
just  counterbalances  the  weight  of  the  suspended  mass.  Tnua,  forcea 
are  coiiTenieiitly  expreaeed  by  weifrlite. 

A  force  may  be  constant,  as  that  of  gravity  between  the  earth  and 
a  stone  resting  upon  it.  It  may  var^  reffnlarly,  like  the  pressure  of 
air  compressed  by  a  piston  moving  with  constant  velocity,  or  tt  may 
vary  irrevnlarly,  as  where  the  motion  of  such  a  piston  is  irregular. 
We  shall  deu  only  with  forces  supposed  to  be  conttanL 

Art.  14  (a).  Density.  The  dentitiet  of  materials  are  proportional  to 
le  nuusee  contained  in  a  given  volumef  as  a  cubic  inch;  or  tnvenely  as  the 

lume  required  to  contun  a  given  tnoss.     Or,  since  the  weights  at  a  given 

9u;e  are  proportional  to  the  masseSj  the  densities  are  proportional  to  the 

iights  per  unit  of  volume  (or  "specific  gpavities")  of  the  materials.    Thus, 

3ody  weighing  100  lbs.  per  cubic  foot  is  twice  as  dense  as  one  WMghinc 

ly  50  lbs.  per  cubic  foot  at  the  same  place. 

Art.  15  (a),  inertia.  The  inability  of  matter  to  set  itself  In  motion,  or 
vo  change  the  rate  or  direction  of  its  motion,  is  called  its  inertia,  or  inert- 
ness. When  we  say  that  a  certain  body  has  twice  the  inertia  (inertness)  oi 
another  one,  we  mean  that  twice  the  force  is  required  to  give  it  an  equal 


therefore  a  measure  of  the  force  required  to  produce  in  it  a  given  rate  of 
acceleration;  or,  which  is  the  same  thing,  it  is  a  measure  of  the  maee  of  the 
body.    We  may  therefore  consider  "inertia"  and  "mass"  as  identical. 

(b)  What  IB  called  the  "resistance  of  inertia"  of  a  body,  is  simply  the 
reaction  (i.  e..  one  of  the  two  equal  and  opposite  actions)  of  whatever  force 


we  apply  to  tne  body.    Hence,  ita  amount  depends  not  only  upon  the  i 

of  the  body,  but  also  upon  tne  rate  of  acceleration  which  we  choose  to 

*  In  order  to  distinguish  between  the  pound  of  moss  and  the  pound  oi 
force  (weight  of  a  pound  of  mass  at  sea  level),  we  here  use  "pound"  or 
^'pnd"  or  "pd"  for  the  pound  of  force,  and  "lb"  for  the  pound  O 
"pdl"  for  poundal. 

tSee  footp^note  t,  p  334 
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giro  to  it    Therefore  we  cannot  tell,  from  the  ineaa  or  weight  of  a  body  alone^ 
what  its  *'  reriBtaooe  of  inertia  '*  in  anf  given  case  will  be. 

Art.  16  (a).  Forces  In  opjDfMite  directions.  When  two  equal  and 
opposite  forces  act  upon  a  body  at  the  same  time,  and  in  the  same  straight  line, 
we  say  that  they  destroy  each  other's  tendencies  to  move  the  body,  and  it  remains 
at  rest.  If  two  unequal  forces  thus  act  in  opposition,  the  smaller  force  and  an 
eqoal  portion  of  the  greater  one  are  said  to  counteract  each  other  in  the  same 
way,  but  tiie  remainder  of  the  greater  force,  acting  as  sn  unbalanced  or  unresisted 
force,  mores  the  body  in  its  own  direction,  as  It  would  do  if  it  were  the  only 
force  acting  npon  it. 

Thus,  when  we  moye  bodies,  in  practice,  we  enconnter  not  only  the  "  resist- 
ance of  inertia"  (i.  e..  we  not  only  have  to  exert  force  in  order  to  moTc  inert 
matter),  but  we  are  also  opposed  oy  other  jibreet,  acting  against  us,  ss  friction, 
the  reslatanoe  of  the  air,  and,  often,  aJl  or  a  part  of  the  weiffht  of  the  body.  By 
**  resistances,"  in  thefoliowinc,  we  mean  such  resisting /oresf,  and  do  not  include 
in  the  term  the  "  resistance  of  inertia.'* 

(b)  If  separated,  the  two  bodies,  A  and  B,  of  8  lbs  and  2  lbs  respectirdy ,  would 

foil  witheqnal  accderations^g;  each  unit,  --,  of  mass  being  acted  upon  by  its 

own  weight,  W.    Bat,  connected  as  they  are,  A  will 

more  downward,  and  B  upward,  with  an  acceler-  T"flj4 

ation  s>  only  |;  for  now  an  unbalanced  force  of  ^V^         Ce 

only  8  —  2  =  1  lb  must  give  accderation  to  a  mass    m  04  v  0^4 

of  ^-^  =-  -.    But,  to  give  to  amass,  B,  of  *  —  •  '  * 


iMdance  the  weight  of  j^ 


aood  of  f  •  requires  a  force  of  - 

*>  E     . 

This,  plus  2  Ibe  (required  to  balance  the  weight  of 
B)  is  the  tension,  2.4  lbs  existing  throughout  the 
eord.  Exerted  at  A,  this  tension  balances  2.4  of 
the  8  lbs  weight  of  A.    The  remainder  (8  —  2.4  —  0.6  lb)  of  the  weight,  acting 

downward  npon  the  mass,  -,  of  A,  gives  to  it  the  required  acceleration  of  h 

_     .        force       __       3      0.6  g      ^„         g 

Or  we  may  regard  the  total  tension,  2.4  lbs,  in  the  cord  at  A,  as  actiog  upon  A 

and  giiring  to  it  a  negative  or  upward  acceleration  of  2.4  -h  -  =»  0.8  g,  which, 

dedncted  from  g  (the  acceleration  which  A  would  otherwise  have)  leaves 

Aooeleration  «■  g  -~  0.8  g  »  0.2  g  -i  |. 

Let  W«  weight  of  A 
w  =»  weight  o(  B 
F  »  net  force  available  for  acceleration  a  W  —  w 

M  »  combined  mass  of  both  bodies  »  — ±-^ 

g 

m  »  mass  of  B  «  - 

g 

a   =  acceleration 

T  ss  tension  in  cord. 


( 


««.                    F        /«r           V       W  +  w       g  (W  —  w) 
Then:    .=  ^=  (W-w) -h -g ^rHT 


T=»w  +  ma=aw  +  — as»wH — 


g"""^g       W  +  w 


-O-^:)- 


(c)  An  **  Atwood's  Jiacbine''  consists  essentially  of  a  pnlley,  a  flexible 
eord  passing  over  the  pnlley,  two  equal  weights  (one  suspended  at  each  end  of 
the  cord),  and  a  third  weight,  generally  much  lighter  than  either  of  the  other 
two.  The  two  equal  weights  balance  each  other  by  means  of  the  pulley  and 
eonL  The  third  weight  u  laid  upon  one  of  the  other  two  weights.  The  force 
of  jgiBTity,  acting  upon  the  third  weight,  then  sets  the  masses  of  the  three 
weigiits  in  motion  at  a  small  but  constantly  incresslng  velocity.  In  order  to  do 
this  it  must  also  overcome  the  friction  of  the  puU^||i^  ^o^j^^d  the  rigidity 
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ot  the  ]Btt«r;  bat^  at  time  are  made  aa  alight  aa  peaaiblei  they  are,  for  com 
▼euience,  neglected.  The  machine  it  uBed  for  Ulnstrating  the  aooeleration  given 
to  inert  matter  by  unbalanced  force,  and  forms  an  excellent  example  of  the  twe 
distinct  datlee  which  a  morlng  force  generally  has  to  perform,  Tiz:  (lat)  the 
balancing  of  resistance,  and  (2nd)  acceleration. 

(d)  In  the  case  of  a  leoomotiTe.  drawing  » trala  on  a  I«TeI,  Mo- 
tion and  the  reeistanoe  of  the  air  are  the  only  reaiataaces  to  be  balanced ;  (or  the 
weight  of  the  train  here  oppoeea  no  >esaatan.>e.  Unless  the  force  of  the  steam  la 
jaore  than  sufficient  to  balance  the  resistances,  it  cannot  move  the  train.    If  it 

'exceeds  the  resistances,  the  excess,  however  slight,  gires  motion  to  the  Inert 
matter  of  the  train.  If,  at  any  moment  while  the  train  ia  moving,  the  force  of 
the  steam  becomes  jusi  eqwU  to  tht  resittoMet  (whether  by  an  increase  of  tlie 
latter  or  by  diminiahing  the  force)  the  train  will  more  on  at  a  uniform  Telocity 
equal  to  that  which  it  had  at  the  moment  when  the  force  and  resi^rtanoe  were 
equalised ;  and,  if  these  could  always  be  kept  equal,  It  would  so  more  on  forerer. 
But  so  lone  as  the  excess  of  steam  pressure  over  the  resistances  continues  to  act, 
the  velocity  la  increased  at  each  instant ;  for  during  each  such  instant  the  exoeaa 
of  force  gives  a  small  velocity  in  addUUm  to  that  already  existing. 

On  a  level  railroad,  let 
P  —  the  total  tractive  force  of  the  locomotive  **  eay  18  tou 
W  »  weight  of  locomotive  n  60  tons 
w  *-  weight  of  train  =>  836  tons 

R  Bs  resisunce  of  locomotive  (including  internal  Motion,  etc.)  «•  •  tODi 
r    —  resistance  of  train  « 1  ton 
F  —  net  force  available  for  acceleration  —  P  —  R  —  r  —  9  toia 

X  -  mass  of  engine  and  train -^^^^-!^^^- 12 

m  -"  mass  of  train  «  -  -■  ^^  ~  10.44 

a    B  acceleration  (Here  the  onlt  of  nuisa   ia 

T  -=  tension  on  draw-bar.  2240matt8.  See  Art.  lid,  e.) 

F       9 
Then :  Acceleration  *  a  ->  ^  ->  rs  *  0.7S  ft  per  aeoond  per  aeoond. 

The  tension  T  on  the  draw-bar  —  resistance  of  train  +  force  causing  aooel- 
eraUon  a,  or  T—  r  +  m  a  —  1  +  10.44  X  0.75  =>  1  +  7.83  =  8.83  tonsi 
This  tension,  T,  pulling  backward  against  the  locomotive,  causes  there  a 

reter<ia/ft>»,or  negati^  acceleration,  of  -__^— -^  «  ?:^  «  g.ig  H 
per  sec  per  sec,  and  thus  reduces,  by  that  amount,  the  acceleration  whieh  tlia 

oomotive  would  otherwise  have,  and  which  would  be  -  ^^"^^^  —  10X«2.a 

00  oo 

6.44.    This,  less  &  69,  —  0.7S  ft  per  sec  per  see  »>  aooeleration  of  train. 

(e)  If  the  tractive  force  of  a  locomotive  exceeda  the  resiatanoea,  due  to  fdctlon, 
ades,  and  air,  the  velocity  will  be  accelerated;  but  it  then  becomes  more  diflU 
It  to  maintain  the  excess  of  foroe^  for  the  pistons  must  travel  faster  through 

ic  cylinders,  and  the  boiler  can  no  longer  supply  steam  fkst  enough  to  maintain 
the  original  cvlinder  pressure.  Besides,  some  of  the  resistancea  increase  with 
increase  of  velocity.  We  thus  reach  a  speed  at  which  the  engine,  although 
exerting  its  utmost  force,  can  do  no  more  than  balance  the  reustanoes.  Torn 
train  then  moves  with  a  uniform  velocity  equal  to  that  which  it  had  when  this 
condition  was  reached. 

When  it  becomes  necessary  to  stop  at  a  station  acme  diatanoe  ahead,  steam  la 
shut  off,  so  that  the  steam  force  of  tne  engine  shall  no  longer  counterbalance  or 
destroy  the  resisting  forces;  and  the  nnmber  of  the  resistances  themselves  ia  in- 
creaaed  by  adding  to  them  the  friction  of  the  brakea.  The  resistanoea,  thus 
increased,  are  now  the  only  forces  acting  upon  the  train,  and  their  acceleration 
is  negoHve,  or  a  retardation.  Hence,  the  train  movea  more  and  more  alowly,  and 
must  eventually  stop^ 

(f)  CaotioB.  When  two  opposite  threes  are  In  equilibrium,  an  addition  ta 
one  of  the  forcea  does  not  always  form  an  unbalanceo  force;  Ibr  in  many  caan 
the  other  force  iHcreatee  wually,  up  to  a  certain  point.  For  instance,  when  wn 
aUempt  to  lift  a  weight,  w,  ita  downward  retittance,  B.  remains  constantly  Joat 
equal  to  our  upward  pull,  P,  however  P  mav  vary,  until  P  esceerft  W.  Tliua,  R 
ean  never  exoted  W,  but  may  be  much  lesa  tnan  it.  Indeed .  when  we  atop  poll* 
tng.  R  ceases,  although  W  (the  attraction  between  the  earth  and  the  wel^K)el 
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eoone  remains  andumged  tluroaghoat.  Soch  rariaUon  of  resisting  foroe,  to  moet 
vwylBg  (tamandB,  ocean  In  afl  tkose  innnmontUe  esBes  whero  sttnctuns  sustain 
rarjiag  lamdm  within  their  nltlmate  strength. 

Art.  17  (a).  Work.  Force,  when  itmoves  a  hody,*  Is  said  to  do  "  work  " 
apon  it.  The  vhoU  work  done  by  the  force  in  moving  the  body  throush  any  dis- 
tance is  measored  by  mnltiplylng  the/orcc  by  the  distance;  or:  Work  —  Force 
X  dietanoe.  If  the/«rce  is  taken  in  jMrnndt,  and  the  dutonof  in/eei,  the  product 
(or  the  work  done)  will  be  in  fooPfovndt;  if  the  force  is  in  tons  and  the  distance 
in  inchee,  the  product  will  be  in  inch-tons :  and  so  on.t 

Thus,  if  a  force  of  moTes  a  body  through  we  have  work  » 

1  pound  10,000  feet  10,000  foot-pounds 

100  pounds  100    **  10,000        " 

10.000      ••  Ifoot  10.000       " 

or,  in  aoy  case,  if  a  force  of/ pounds  move  a  body  throurii  t  feet,  it  6cm  ft  foot- 
pounds of  work.    Thus  r<»ree  to  tb«  Ila«ar  rate  oC  warfc.    (/»/«-».«.) 

(lb)  With  English  messare^  tiM  ordinary  unit  oC  work  is  the  foot- 
MOMd.  Ttio  aietrte  unit  af  work  is  the  kilogTaiii*iiiet«r.  See 
Conversion  Tables,  p.  287. 

In  tlie  C  G.  S.  syMtem  (Art.  11/),  1  dyne,  actlug  through  1  centlDieter, 
do«e  1  ors  (1  dxne-eentliiiet«r)  of  work.  1  Joule  (p.  937) » 10.000,000 
ergs  =  0.7373  foot-pound.    1  foot-pound  —  about  18)068^000  erge. 

(e)  In  most  cases,  a  portion  at  least  of  tlM  work  done  by  a  force  is  ex- 
pended in  awereominc  reelsUuieee.  Thus,  when  a  loconiotive  begins 
to  move  a  train,  a  portion  of  its  force  works  against,  and  balances,  the  resist- 
ances of  friction  or  of  an  up-crade,  while  the  remsinder,  acting  as  uu  balanced 
force  upon  the  inert  mass  of  tne  train,  incresses  its  velocity. 

An  upward  pull  of  exactly  one  pound  will  not  raise  a  one  potmd  weight,  but 
wfll  mertAj  balance  the  downward  force  of  gravity.  If  we  increase  the  upward 
pun  from  one  pound  (=»  16  ounces)  to  17  ounces,  the  ounce  so  added,  beins 
OBbalanoed  force,  will  give  motion  io  the  mass,  and  will  accelerate  its  upward 
velocity  as  long  as  It  continues  to  act.  If  we  now  reduoe  the  upward  pull  to  1 
pound,  thns  making  it  just  equal  to  the  downward  pull  of  gravity,  the  body  will 
move  OB  upward  with  a  uniform  Telocity  •  but  if  we  reduce  the  upwsrd  force  to 

15  ounces  («  f|  pound),  then  there  will  be  an  unbalanced  downward  force  of  1 
oaoee  aataof  upon  the  body,  and  this  downward  force  will  generate  In  the  body 
a  downwmia  or  negativ«  aooeleration  or  retardation^  and  will  dutrof  the  upward 
veloeity  In  the  saoM  time  as  the  t^ptconl  ezcen  of  1  ounoe  required  toproat««e  it. 

During  any  time,  while  the  17  ounces  upward  **  force"  were  acting  against  the 

16  vaaem  downward  "  resistaDoe,"  the  product  of  Mul  upward  ibree  X  distance 
most  be  grmter  than  that  of  ««aMoaes  X  distanca  Tbe  ezeess  is  the  work  done 
hi  acoelerating  the  vekwlty,  by  ▼Irtue  of  which  the  body  has  aoqulred  kinetie 
energy  or  capacity  for  doing  work  in  eoming  to  rest. 

On  the  other  hand,  while  the  upward  velooity  was  being  rttardod.  the  prodnei 
of  total  upward  force  X  dist  was  Ust  than  that  of  rMMoiMe  X  ^^^  the  difference 
being  the  work  done  by  the  kloetio  energy  against  the  resistance  of  gravity. 

In  practice,  the  term  *'  work"  is  usually  restricted  to  that porlion  of  the  work 
which  a  force  performs  in  hiUancing  the  reHstaneea  which  act  against  it ;  in  other 
words,  to  the  work  done  by  so  much  of  the  force  as  is  equal  to  the  resistance. 

With  this  rastrictlon,  we  have  work  ^  force  X  diet,  «•  retittanco  X  dist. 

Huis,  if  the  resistance  be  a  firictlon  of  4  1ml,  overcome  at  every  point  along  a 
distanoe  ofSfoetjorifitbea  weight  of  4  fts.,  lifted  8  feet  high,  then  the  work 
done  amounts  to  4  X  8  »  12  foot-lbs,  provided  the  initial  and  the  final  velocities 
areequaL 

<d)  In  cases  where  tke  weloel^  Is  valfana,  as  in  a  steadily  running 
machine,  the  force  is  necessarily  equal  to  the  resistance ;  and  where  the  velocities 
dl  tba  bcginnf  ng  and  end  of  any  work  are  equal  (as  wher«  the  machine  starts 
ftom  rust  and  comes  to  rest  again )  the  mean  force  is  equal  to  the  mean  resistance 
In  anch  easeL  therefore,  the  two  products,  msan  force  X  distance,  and  mean 
MsiBtaaoa  X  distanoe.  are  equal,  and  we  have,  as  before, 

Work  «/orss  X  dist  —  nHotanoo  X  dist. 

a  A  nan  vhe  is  standing  stUl  to  not  oonalderod  to  be  working,  any  move  than 
tos  postor  atope  when  sustaiiiinga  heavy  toad;  alfhouch  he  may  be  niniort. 
laffMioppnBBiw  harden,  or  b<ddlng  a  caivhraiBe  with  aU  hisetrength;  for  hit 
tone  mooes  nothing  in  either  case.  ^  ^ , 

t  These  prodhioli  must  net  ha  oonfooadat  with  tnommtte^  —  force  X  leverage. 

26  Digitized  by  LjOOgle 
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(f)  In  calculating  the  work  done  by  machinery,  etc,  allowance  most  be  made  for 
this  expenditure  of  a  portion  of  the  work  in  oTercoming  reaistancee.  Thus,  in  pump> 
ing  water,  part  of  the  applied  force  is  required  to  balance  the  friction  of  the  different 
parts  of  the  pump ;  so  that  a  steam  or  water  "power,**  exerting  a  force  of  100  Ibe^ 
and  moring  6  feet  per  second,  cannot  raise  100  lbs.  of  water  to  a  height  of  6  feet 
per  second.  Therefore  machines,  so  far  firom  gaiming  jkhmt,  according  to  the  popular 
idea,  actually  loee  it  in  one  sense  of  the  word.  In  tkaiiHg  a  piece  of  machinery,  the 
forces  employed  hare  (1st)  to  balance,  react  against,  or  destroy  the  resisting  force 
of  friction  and  the  cohesive  forces  of  the  material  which  is  to  be  operated  on ;  and 
(2d)  to  give  motion  to  the  unresisting  matter  of  the  machine  and  of  the  material 
operated  on,  after  the  reeLsting  forces  which  had  acted  upon  them  have  thus  been 
rendered  ineffective.  But  after  the  desired  velocity  has  been  established,  the  forces 
have  fiMTcfy  to  hdUmee  th*  rsiMtanee*  in  order  that  the  veloci^  may  continue  unirorm. 

(g)  That  portion  of  the  work  of  a  machine,  etc,  which  is  expended  against  fHo- 
tion  is  sometimes  called  <<lost  urork"  or  <*prcJadlel«Ll  irorky'*  while  only 
that  portion  is  called  «  mscAiI  urorlc  "  which  renders  visible  and  tangible  service 
in  the  shape  of  output,  etc  Thus,  in  pumping  water,  the  work  done  in  overcoming 
the  friction  of  the  pump  and  of  the  water  is  said  to  l>e  lost  or  pr^udicial,  while  the 
useful  work  would  be  represented  by  the  product,  weight  of  water  delivered  X  height 
to  which  it  is  lifted. 

The  distinction,  although  artificial,  and  somewhat  arbitrary,  is  often  a  very  con- 
venient one ;  but  the  work  is  of  course  not  actually  **  lost,**  and  still  lees  Is  it  '*  pre- 
judicial ;**  for  the  water  could  not  be  dfliivered  without  first  overcoming  the  resJet- 
ances.  A  merchant  might  as  well  call  tiiat  portion  of  his  money  lost  which  he 
expends  for  clerk-hire,  etc. 

(h)  For  a  given  force  and  didanoe,  tlienrorlc  done  is  Independent  Of  tli« 
time  I  for  the  product,  force  X  distance,  then  remains  the  same,  whatever  the  time 
may  be.  But  the  distance  through  which  a  given  force  will  work  at  a  given  velocity 
is  of  course  proportional  to  the  time  during  which  it  is  allowed  to  work.  Thns,  in 
order  to  lift  60  pounds  100  feet,  a  man  must  do  the  same  work,  (=  5000  foot-pounds) 
whether  he  do  it  in  one  hour  or  in  ten ;  but,  if  he  exerts  constantly  the  tame  font, 
he  will  lift  60  Bm.  ten  times  as  high  in  ten  hours  as  in  one,  and  thus  will  do  ten  times 
the  work.    Thus,  for  a  given  /orce,  the  vrork  Is  proportlousLl  to  tbe  time* 

Art.  18  (a).  Powder.  The  quantity  of  any  work  may  evidently  be  considered 
without  regard  to  the  Hme  required  to  perform  it;  but  we  often  require  to  know  th« 
rate  at  which  work  can  be  done ;  that  is,  how  much  can  be  done  within  a  certain 
time. 

The  rate  at  which  a  machine,  etc  can  work  is  called  ita  powsr.   Thus,  in  selectlns 

a  steam-engine,  it  is  important  to  know  how  much  it  can  do  jmt  mmute^  homr,  or  dtqf. 

We  therefore  stipulate  that  it  shall  be  of  so  many  horee-poumt ;  which  means  nothing 

->ore  than  that  it  shall  be  capable  of  overcoming  resiffUug  forces  at  the  rate  of  so 

^ny  times  83,000  foot-pounds  per  minute  when  running  at  a  unifonn  velocity,  L  c, 

len  force  X  distance  =>  resistance  X  distance. 

b)  The  horse-ponrer,  33,000  foot-pounds  per  minute,  or^650  foot-ponnds  per 

ond,  is  the  unit  of  poorer,  or  of  rate  of  ^rork,  commonly  used  in  oonneo- 

n  with  engines.  The  metrlo  liorse«poiirer,  called  *' force  de 

aval,"  " cheval-vapeur,"  or  (German)  "  Pferdekraft,"  is  75  kilogram-meters  pec 

Kiond  S3  642.48  ft-lbs.  per  sec.  =  32,549  fl-lbe.  per  minute  =  0.9863  horse-power.    1 

horse-power  =  1.0138  **  fbrce  de  cheval.'*  In  theoretical  Mechanics  the  foot-ponn^l 

per  seeoBd  is  used  in  English  measure ;  and  the  kilogram-meter  per  tce^ 

ond  in  metric  measure, 

1  foot-pound  per  second  ■■  0.13826  kilogram-meter  per  second. 
1  kilogiam-meter  per  seeond  m,  7.2331  Foot-pounds  per  second. 

(c)  Up  to  the  time  when  the  Telocity  becomes  unifonn,  the  ponrer*  or  rate  ot 
urork,  of  the  train,  in  Art  16  (d),  is  vonctble,  being  gradualW  ccosbrated. 
for  in  each  second  it  overcomes  its  resistances  (and  moves  its  point  of  application) 
tbrough  a  greater  diatanee  than  during  the  preceding  seoond.  Abo,  after  the  steam  to 
shut  off,  the  rate  of  work  Is  variable,  being  gradually  retarded.  When  the  force  of 
the  steam  Just  balances  the  resistances,  the  rate  of  work  is  uniform. 

(d)  Poorer  =»  ftoree  X  weloeltjr.  Since  the  rote  of  work  is  equal  to  the  work 
done  in  a  gioen  time,  as  so  many  foot-povmde  per  eeeondf  we  may  find  it  by  dividing  tiie 
work  in  foot-pounds  done  daring  any  given  time  by  the  number  of  seconds  in  that 
Hme.    Thus 

P»w«  -  »U  of  woA  -  taSii?J«5n4LXjltoUDO.  infcs* 


time  in  seconds 
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Bnt  Uus  is  equivalent  to 

distanoe  in  feet 
Power  -  rate  of  work  -  lorceinpounde  X  ^^elTieo^di 

»  force  in  pounda  X  Telocity  in  feet  per  second. 

Or  if  we  treat  only  of  the  work  of  that  force  which  onmcomet  rcaiitaneei :  or  la 
mSk  where  the  Telocity  is  either  uniform  throughout  or  the  same  at  Hm 
iMigfaiwing  and  end  of  the  work; 

Power.  «»*•  of  work     _  realstanoe,  w     Telodty, 

inft-lbB.piaeo.  —  lnftJba.perseo."     Inlbe.      -^  in  ft  per  seo. 

ThusL  if  the  resisCanoe  is  8800  lbs.  and  is  overcome  through  a  distance  of  10 
feat  lAOTerT  minute:  or  if  the  resistance  is  33  lbs.  and  is  overcome  through 
fdi^cebf  1000  fiet  per  minute,  the  rate  of  the  work  is  in  each  cut 
the  same,  namely,  33,000  fool-pounds  per  minute,  or  one  horae-power;  te 
Iba.       TcL     lbs.     TeL  ^  ^  ^     ^ 

880O  X  10  —  83  X  1000  — 83,000  foot-pounds  per  minute. 

fo)  The  same  "power"  which  will  oTcrcome  a  given  resistance  through  • 
civen  distance,  in  a  given  time,  will  also  overcome  any  other  resistance  tiiroagh 
»v  other  distanoe,^  that  same  time,  provided  the  resistance  and  distimce 
when  multiplied  together  give  the  same  amount  as  in  the  first  case.  Thu& 
the  power  that  will  lifl  50  pounds  through  10  feet  in  a  second,  will  m  a  eecond 
Uft  Soo  pounds,  1  foot;  or  26  pounds,  20  feet;  or  MOO  pounds  ^  of  a  foot 
In  practice,  the  adjustment  of  the  speed  to  suit  different  resistances,  is  usuailv 
effected  by  the  medium  of  eMrwIkeels.  belts,  or  lerers.  By  means  oi 
these  the  engine,  water-wheel,  home,  or  other  motive  power,  exertmg  a  given 
fcroe  and  running  at  a  given  velocity,  mar  be  made  to  overcome  small  resisfr 
anoes  rapidly,  or  great  ones  slowly,  as  desired. 

Art.  19  (»).  TlM  work  wltlel&  m  liodr  cut  do  bj  wtvtne  ot  its 
■aotfloni  or  (which  is  the  same  thing)  tl&e  trork  required  to  biin^ 
the  iMHljr  to  reet«    KiiMitle  energyt  Tis  ▼!▼»,  or  •'llTlnff  fbroe.* 

As  alrMoy  remarked,  a  force  equal  to  the  weight  of  any  body,  at  any  place, 
will,  in  one  second,  give  to  the  mass  or  matter  of  the  body  a  velocity  —  £r«  or 
(on  the  earth's  surface)  about  32.2  feet  per  second.  Or  if  a  body  be  thrown 
^ward  with  a  velocity  —  g,  its  weight  will  stop  it  in  one  second. 

Binoe,  in  the  latter  case,  the  velocity  at  the  beginning  and  at  the  end  of  the 
•econd  are,  respectively,—  g  feet  per  second,  and  —  0,  the  mean  velocity  of  the 

io(|y  is  J^  feet  per  second.  Therefore,  during  the  second  it  will  rise  JL-  feet^ 

2  2 

or  about  16  feet  In  other  words,  the  work  which  any  bodv  can  do,  by  virtue 
of  being  .thrown  vertically  upward  with  an  initial  velocitr  (velocity  at  the 
itarO  olg  feet  per  second,  is  equal  to  the  product  of  its  weight  multiplied  by 


Or, 


work  In  fbot-ponnds  —  weight  X   -|-. 


( 


Votloe  that  in  this  c«M  (since  the  Initial  velodty  vis  equal  to  9),  JL  »  1. 

Suppose  now  that  the  same  body  be  thrown  upward  with  douhU  the  fbrmer 
Telocity;  i.  s,  with  an  initial  velocity  equal  to  2  g  (or  about  64  feet  per  second). 
dince  gravity  requires  (Art  8  s),  two  seconds  to  impart  or  destroy  this 

Telocity,  the  body  will  now  move  upward  during  two  seconds,  or  twice  as  long 
a  tjsns  as  before.  But  its  mean  vdoeity  now  is  or,  or  twice  as  great  as  before. 
Therefore,  moving  for  double  the  time  and  with  double  the  velocltv,  it  will 
Iravel/ovr  Ume*  as  far,  overcoming  the  same  resistance  as  before  (vis. :  its 
own  weight)  through /our  times  the  distance. 

Thus,  bymsking  its  imtls]  velooitytr  —  2  ^,  f.  e.,  by  doubling  its  JL,  making 

It  —  2,  we  haTO  enabled  the  body  to  do  fowr  timee  the  work  which  it  could 

de  when  Its  JL.  wasl;  so  that  the  work  In  the  second  case  is  equsi  totbt 
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product  of  that 


In  the  lint 

case  multipUed  by  the  §qaan  d 

9 
9 

Work 
feifMbe. 

- 

weight 

X 

JL 

8 

X 

(t-)* 

- 

weight 

X 

JL 

8 

X 

- 

weight 

X 

«t 

^9 

And  it  is  pUdn  that  this  wdald  be  (the  case  for  any  other  Teloeity.  Now  fha 
total  amount  of  the  worlc  which  the  body  can  do,  is  indepenaent  of  the 
amoant  of  the  resistance  against  which  it  is  done;  for  if  we  increase  the 
resistance  we  diminish  the  distance  in  the  same  proportion,  so  that  the^ 
product,  or  the  amount  of  work,  remains  the  same.  The  aboTe  formula, 
therefore,  M>plies  to  all  cases;  i.  «.,  the  tfltel  aaao«Bt  of  ^mrky  in  fool 
pounds,  which  any  body  will  do,  agunat  any  resiatanee,  by  rirtoe  of  ita  motioii 
•lone,  in  coming  to  rest»  is 

liir«>ir-ur»ighf  nf  m»,,t.>giwiy  i.>n^  y  aquars  of  its Tolocity in  ftpersee'd 

2g 
—  weight  of  moving  body,  in  lbs.  X  ialt  in  ilrequired  to  give  the  veiooity 
^  weightof  moving  body,  in  lbs,  y  aguareof  ita  velocity  in  ft  per  second 

In  these  equations,  the  weight  is  that  which  the  body  has  in  any  given  plao^ 
and  g  is  the  aooeleration  of  gravity  at  that  same  place. 

(b)  Since  the  2!^!fi!!l2L£±2^  is  ita  mass  (Artll,pwdt6),the  last  formuk 

becomes,  by  -method  A,^  Art  11  (d), 

trork  mass  of  moving  body  w  square  of  its  veloci^  in  ft  per  second 

in  footjKwadt "         In  *'maUp*         ^     T 

and  by  "method  B,"*  Art  11  (6), 

work  mass  of  moving  body  ^  agnare  of  Its  velocity  in  ft  per  second 

infoot^KWMbi^t'"  inpoMiidi  ^  "^  3 

(e)  In  the  above  equations  the  ^/t  hand  side  represents  the  worft  (or  resis- 
tance overcome  through  a  distance)  in  any  given  case,  while  the  right  hand 
aide  represents  the  MiMtie  oaennr  of  the  body,  by  which  it  Is  enabled  to  do 
that  work.  Some  writers  call  this  energy  *•▼!•  Ttra-"  or  « living  foree"  a 
name  formerly  given  (for  convenience)  to  a  quantity  Just  dottbU  the  energy, 

■-  mass  X  velocity*. 

1)  As  an  illustration  of  the  fbregoing,  take  a  train  weiriiing   1,120,000 

nds,  and  moving  at  the  rate  of  8  feet  per  aecond.   The  idnetio  energy 

mohntrainis 

energy   -   weight   X   l^i^i        or, 

1,120,000  Ibe.  X  :^  -  8,400,000  a-lbs. 

That  Is,  If  steam  be  shut  off,  the  train  will  perform  a  work  of  8,400.000  ft-Iba. 
D  coming  to  rest  Thus,  If  the  sum  of  all  the  resistances  (of  mctioo,atr, 
(lades,  ourvea,  etc.)  Mmamed  constantly  —  fiOOO  Iba.,*  the  tnain  would  travel 

8,400,000  ft.-lbe.  _i«M«#t. 
600Olbs. 
(e)  We  thus  see  thai  the  total  qnanCity  of  work  which  abody  can  do  by  virtoA 
of  its  moUon  alone,  and  without  assistance  from  extraneous  ft>«»M8  In  prj 


portion  to  the  weight  of  the  body  and  to  the  SMiare  of  its  velocity  when  it 

Mgins  to  do  Ike  work.    For  example *''-'  -  *— '-  -'  **- * 

vhen  steam  is  shut  off,  has  a  veloclly  < 
mergy,  which  that  velocity  givw  l*»  w 

•In  praotioe,  this  would  no*  be  the  < 


, a  to  the  weight  of  the  body  and  to  the  smare  of  •*«     ^  ,^  . 

begins  to  do  Ike  work.  For  example,  mpoae  that  s  tiaixL  at  the  moment 
when  steam  is  shut  off,  has  a  velocity  of  10  miles  an  hour  andthat  the  kinetin 
sneigy,  which  that  velocity  gives  It,  wiU  by  Itself  eaity  the  train  agaln^  th» 


Digitized  by  CiOOg  IC 


FORCE  IV  BIOID  BODIES.  34( 

of  the  roAd,  ete.,  for  a  (fietoiiee  of  on*  qoartor  of  a  mila  before  i 
etope.  Then,  if  Bteambeflfaiit  off  while  the  train  umorinff  at5. 20»30or44 
miles  per  hour  {i.  e.  with  >{,  2, 3  or  4  times  10  miles  per  hour)  the  train  wil 
travel  Vis.  1.  2>i  or  4  miles  (or  H*  4.  ^  or  16  times  ^  mile)  befors  G<Mninc  t< 
rest.     The  resistaoeee  are  liere  supposed  to  be  uniform. 

But  the  time  rate  of  work  done  is  proportional  simply  to  the  renstanoe  aac 
the  velociiff  (Art.  18  <f).  Therefore*  the  looomoUve  whose  steam  is  shut  of] 
at  20, 30  or  40  miles  per  hour,  wiU  require,  for  running  its  4, 9  or  16  quarten 
of  anoile,  but  2, 3or  4  times  as  many  seeonos  as  it  required  at  10  miles  per  hour 

The  same  principle  applies  to  all  oeses  of  aec^eration  or  of  retardation. 

For  instance,  in  the  ease  of  a  falhng  body,  the  dtetane^  through  which  i1 
must  fall,  in  order  to  acquire  any  jpven  velodty,  is  as  the  sguare  of  thai 
velocity,  but  the  time  required  is  smiply  as  the  esloetfy.  Also,  if  a  body  ii 
thrown  vertically  upwanf  with  any  given  velocity,  the  Ach^  to  which  it  wil 
rise,  by  the  time  gravity  destroys  tmtt  velocity,  will  be  as  the  sgrucre  of  thi 
velocity,  but  the  time  wiU  be  simply  as  the  velocity. 

Art.  30  (a).  When  a  body^  starting  from  rest,  and  moving,  under  tlu 
action  of  a  constant  force,  during  a  time,  t,  has  acqxiired  a  velocity,  v,  iti 
meon  velocity,  during  the  time,  t,  is  >^  v;  and  the  distance  traversed  ii 
8  —  ^  V  t.    Since  m  v  >  f  t  (Ait.  12)  we  have : 

or.  tlie  kinetic  eneivT'*  K  =  K  m  ▼*.  of  a  moving  body,  is  eqaal  tt 
tiM  w^rfc,  f  •*  doae  by  a  force,  f,  in  producing  or  destroying  th< 
momentum,  m  v,  while  traversing  the  space,  s. 

8incefs-K-5»_J[?. 
fs         K       mv«       mvv         mv  mvf. 


t  t  2t  2t  2  2m* 

or:  tlaB«  rate  of  work 

—  mean  momentum  X  acceleration 
»  mean  momentum  X  force  intensity ; 
or 

ft-Ibs     poundals       ft-poundals 

see    *         lb  second 

In  other  worda^  if  a  mass,  of  m  lbs,  be  moving  with  velocity,  v  ft  per  sec 

it  has  a  momantam  of  m  v  f t-lbs  per  second  and  an  energy,  K,  of  — - —  ft-lbs 

and  ^^ —  ft-Ibs,  »•  f  s  ft-poundals,  of  work  must  have  been  done  upon  it 
in  order  to  give  it  the  velocity,  v;  and  an  equal  amount  of  work  must  b< 
done  in  order  to  bring  it  to  rest. 

Thus,  if  m  ««  4  lbs,  and  v  »  initial  velocity  «•  12  ft  per  sec  ;  we  havt 
mT=»4Xl2-48  fiJbs  per  sec.  and  K  >«  f  s  =-  ^—  =  m  v  -~-  - 
48  X  6  »  288  ft-lbs. 

By  seleoting  different  foreea.  f,  to  bring  this  mass  to  rest,  we  obtui 
different  acesfcrations,  different  tmie  rates  of  work,  etc. 

The  BiOBieiitiiaa,  aa  ▼,  at  mmy  nHMnent,  is  necessarily  double  tb 

mean  momentam,-^r-,  which  the  mass  has  during  the  time,  t «»  — ,  in  whid 

2  a 

it  acquires  or  loses  the  velocity,  v,  under  the  action  of  any  constant  force,  1 
liet  the  weight  of  a  falling  body  ^  W,  and  the  acceleration  of  gravity  « 
g.     Then  W  .  -^  .   -^  *  weight  X  mean  velodty  X  time  of  fall  =  weigh 

X  dietanoe  fallen  «  W  .  —  -  the  wo«k  done  «--.  —  -  5?_-  «  th 
kinetic  energy  acquired. 
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Art.  81(a).  Energrytoladestraettble.  £nei«yt  expended  in  woikJs 
not  destroyed.  It  is  either  transferred  to  other  bodies,  or  else  stored  up  in  tne 
body  itself;  or  part  may  be  thus  tranaf^red.  and  the  rest  thus  stored.  But, 
although  energy  cannot  be  destroyed,  it  may  be  rendered  useless  to  us.  Thua, 
a  moving  train,  in  coming  to  rest  on  a  leyel  track,  transfers  its  lunetic  eneny 
into  other  kinetic  energy;  namely,  the  useless  heat  due  to  friction  at  the  rausL 
brakes  and  journals;  and  this  heat,  although  none  of  it  is  destroyed^  is  dissipatea 
in  th&  earth  and  air  so  as  to  be  practically  beyond  our  recovery. 

Art.  22  (a).  Potential  enernry,  or  possible  energy,  may  be  defined  as 
stored-up  energy.  We  Uft  a  one-i>ound  body  one  foot  by  expending  upon  it 
one  foot-poundof  energy.  But  this  footr-pound  is  stored  up  in  the  system  '* 
(composed  of  the  earth  and  the  body)  as  an  addition  to  its  stock  of  potential 
energy.  For,  while  the  stone  falls  through  one  foot,  the  system  will  acquire 
a  kinetic  energy  of  one  foot-pound,  and  will  part  with  one  foot-pound  of  its 
potential  energy. 

(b)  The  potential  energy  of  a  "system"  of  bodies  (such  as  the  earth  and  a 
weight  raised  above  it,  or  the  atoms  of  a  mass  of  powderj  or  those  of  a  bent 
spring)  depends  upon  the  relative  positions  of  those  bodies,  and  upon  their 
tendencies  to  change  those  positions.  The  kinetic  enernr  of  a  system  (such  as 
the  earth  and  a  moving  train  of  cars)  depends  upon  t^e  maeeee  of  its  bodies 
and  upon  their  motion  relatively  to  each  other. 

Familiar  instances  of  potential  energy  are — the  weight  or  spring  of  a  dock 
when  fully  or  partly  wound  up,  and  whether  moving  or  not;  the  pent-up  water 
in  a  reservoir;  the  steam  pressure  in  a  boiler;  and  the  eig[>lo8ive  energy  of 
powder.  We  have  mechamcal  energy  in  the  case  of  the  weight  or  springs  or 
water;  heat  energy  in  the  case  of  the  steam,  and  chemical  energy  in  that 
of  the  powder. 

(c)  In  many  cases  we  ma^  conveniently  estimate  the  total  potential  energy 
of  a  system.  Thus  (neglecting  the  resistance  of  the  air)  the  explosive  enersy 
of  a  pound  of  powder  is  =  the  weight  of  any  ^ven  cacmon  ball  X  the  hei0^ 
to  which  the  force  of  that  powder  could  throw  it,  «  the  weight  of  the  ball  X 
(the  square  of  the  initial  velocity  given  to  it  by  the  explosion)  -»-  2a.  But  in 
other  cases  we  care  to  find  only  a  certain  definite  portion  of  the  total  potential 
energy.  Thus,  the  total  potential  energy  of  a  dock-weight**  would  not  be 
exhausted  untU  the  weight  reached  the  center  of  the  earth:  but  we  generallv 
deal  only  with  that  portion  which  was  stored  in  it  by  winding^up^  and  which 
it  will  give  out  a^ain  as  kinetic  energy  in  running  down.  This  portion  is  «>  the 
weight  X  the  height  which  it  ITas  to  run  down  «  the  weight  X  (the  square  of 
the  velocity  which  it  would  acquire  in  falling  freely  through  that  height)  -f-  2g. 

(d)  There  are  many  cases  of  ener^  in  which  we  may  hesitate  as  to  whether 
the  term  "kinetic"  or  "potential"  is  the  more  appropriate.  Thus,  the  pre»- 
sure  of  steam  in  a  boiler  is  believed  to  be  due  to  the  violent  motion  of  the 

articles  of  steam,  which  bombard  the  inner  surface  of  the  boilei^«heU;  so 
It.  from  this  point  of  view,  we  should  call  the  energy  of  steam  kinetic.  But, 
the  other  hand,  the  shell  itself  remains  stationary;  and,  until  the  steam  is 
mitted  to  escape  from  the  boiler,  there  is  no  outward  evidence  of  energy 
the  shape  of  work.  The  energy  remains  stored  up  in  the  boiler  ready  tor 
t.  From  this  point  of  view,  we  may  call  the  enersy  of  steam  potential  energy. 
»  It  seems  reasonable  to  suppose  that  further  knowledge,  as  to  the  nature 
other  forms  of  energy,  apparently  potential  (as  is  that  of  steam),  might 
reveal  the  fact  that  all  energy  is  ultimately  Idnetie. 

Art.  23(a).    There  is  much  eonftaslon  of  Ideas  in  regard  to  those 
actions  to  which,  in  Mechanics,  we  give  the  names,  *'fi»rce,**  **ener —  ** 
^*  power,"  etc.    This  arises  from  the  fact  that,  in  eveiy-day  I 
terms  are  used  indiscriminately  to  express  the  same  ideas. 

Thus,  we  commonly  speak  of  the  "force"  of  a  cannon-ball  flying  through  the 
air,  meaning,  however,  the  repulsive  force  which  UMndd  be  exerted  between  the 
ball  and  a  building,  etc.  with  which  it  might  come  into  contact.  This  force 
would  tend  to  move  a  part  of  the  building  along  in  the  direction  of  the  flight 
of  the  ball,  and  would  move  the  ball  backward;  (»'.  s.,  would  retard  its  forward 
motion).  But  this  great  repulsive  "force"  does  not  exist  until  the  ball  strikes 
the  building.  Indeed,  we  cannot  even  tell,  from  the  velodty  and  weight  of  the 
ball,  what  the  amount  of  the  force  will  be,  for  this  depends  upon  the  strength, 
etc.,  of  the  buildinq.  If  the  building  is  of  glass,  the  force  may  be  so  slight  aa 
scarcely  to  retard  the  motion  of  the  ball  perceptibly,  while,  if  the  building  is  an 

*  For  convenience  we  ma^  thus  speak  of  the  energy  of  a  system  of  bodi^ 
(the  earth  and  the  dock-weight)  as  residing  in  only  one  of  the  bodies. 
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asrth  emlMmkment,  the  ftxrae  will  be  mnch  groatwr,  and  maj  retard  the  iMotlon 
ef  the  ball  so  rapidly  u  to  entirely  stop  it  before  It  has  gone  a  foot  iSarther. 

The  moving  ball  has  great  (kinetic)  energy;  bat  the  only  /orce  that  it  exerte 
dorine  its  flight  is  the  comparatiTely  very  slight  one  required  to  push  aside  the 
particles  of  air. 

The  energy  of  the  ball,  and  therefore  the  total  work  which  it  can  do,  are  inde> 
pendent  of  the  nature  of  the  obstruction  which  it  meeta ;  but  since  the  work  is 
the  product  of  the  resistanoe  offered  and  the  distance  through  which  it  can  be 
OTercoine,  the  distance  must  be  inversely  as  the  resistance  offered ;  or  (which  Is 
the  same  thing)  inversely  as  the  force  required  ot^  and  exerted  by,  the  ball  in 
balancing  that  resistance. 

^noe  work,  in  ft.-fi«.  =  force,  in  B>8.,  X  distance  traversed,  in  feet,  we  have 
.    -^  work,  in  ft-lbs.  rate  of  work, 

fioroe,  in  IDS. «  ^^^^  traversed,  in  feet  "  in  n.-lbs.  per  fooL 

Art.  S4  (a).  An  tiii|»act,  blow,  stroke  or  collision  takes  place  when  a 
aioving  body  encounters  another  body.  The  peculiarity  of  such  cases  is  that 
the  time  of  action  of  the  repulsive  force  due  to  the  collision  is  so  short  that  gen- 
erally it  is  impossible  to  measure  It,  and  we  therefore  cannot  calculate  the  force 
ftom  the  momentum  produced  by  it  in  either  of  the  two  bodies ;  but  since  t)oth 
bodies  undergo  a  great  change  of  velocity  {i,  e.,  a  great  acceleration)  during  this 
short  time,  we  know  that  the  repulsive  ioroe  acting  between  them  must  be  very 
Sreat. 

We  shaU  consider  only  cases  of  direct  Impact,  or  impact  where  the  centers 
of  gravity  of  the  two  bodies  approach  each  other  in  one  straight  line,  and  where 
the  nature  of  the  surfaces  of  contact  is  such  that  the  repulsive 

force  caused  by  the  impact  also  acta  through  those  oenters  and  in  their  line  of 
approach. 

(b)  This  force,  acting  equally  upon  the  two  bodies  (Art.  5/),  for  the 
same  length  of  Ume  f  namely,  tne  time  during  which  they  are  in  contact),  neces- 
sarily produces  equal  and  opposite  changes  in  their  momentums  (Art.  12,  p.  888). 
Hence,  the  total  momentum  (or  prt)duct,  mass  X  velocity)  of  the  ttoo  bodies  Ls 
always  the  same  after  impact  as  it  was  before. 

(c)  But  the  relative  behavior  of  the  two  bodies,  after  collision,  depends  u|)on 
their  elasticity.  If  they  could  be  perfectly  inelastic,  their  velocities,  after  im- 
pact, would  be  equal.  In  other  words,  they  would  move  on  together.  If  they 
oould  be  perfectly  elaMiCt  they  would  separate  from  each  other,  after  collision, 
with  the  same  velocity  with  which  they  approached  each  other  before  collision. 

(d)  Between  these  two  extremes,  neither  of  which  is  ever  perfectly  realized  in 
praetioe,  there  are  all  possible  degrees  of  elasticity,  with  corresponding  differences 
In  the  behavior  of  the  bodies.  The  subject,  especially  that  of  imiireei  impact,  is 
a  very  complex  one,  but  seldom  comes  up  in  practical  civil  engineering. 

(e)  "  In  some  careful  experimenta  made  at  Portamouth  dock-yard,  England,  a 
■lan  of  medium  strength,  and  striking  with  a  maul  weighing  18  lbs.,  the  handle 
•f  which  was  44  inches  long,  barely  started  a  bolt  about  ]4  of  an  inch  at  each 
hlow;  and  it  required  a  quiet  pressure  of  107  tons  to  press  the  bolt  down  the 

I  quantity ;  but  a  small  additional  weight  pressed  it  completely  home." 


( 
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Bodies  teUinc  ^ertiealljr.  A  body.  falUng  fredj  In  ' 
fh>m  a  state  of  reat,  acquires,  oy  the  end  or  the  flrat  second,  a  velocltj  of  about 
82.2  feet  per  second ;  and,  in  each  succeeding  second,  an  addition  of  Telooity,  or 
■ooeleratlon,  of  aboat  82.8  feet  per  soconiL  In  other  wordi^  the  Taloci^  rcodres  la 
■ach  second  an  aooeieratlon  of  about  S2.S  feet  per  secondt  or  Jb  aocelffmted  at  tba 
rato  uf  about  32.3  font  per  seoondiper  moond,  Tliis  rata  la  genarsOj  oaUad  (Cbff 
brevity,  see  foot-note,t  p.  334),  simply  the  afioeI«nUt«n  of  | '"^  " — 


t  of  sniTi^  (bat  aea  • 
t  82.1  Ibet  per  aaooodiPSC 
e  Utitnde  of  London  It  H 


below),  and  is  denoted  by  ^*    It  increases  firom  about  J 

second,  at  the  equator,  to  about  32.6  at  the  polea.    In  the  1  _ 

82.19.  These  are  its  Taluee  at  searlevel ;  but  at  a  height  of  0  miles  above  that  lersl 
It  Is  diminished  by  only  about  1  part  In  40a  For  must  praotical  purpose!  It  waj  be 
liken  at  32.JL 

Vaation.  Owiny  to  (ke  rcMiiaUuiee  of  tho  atr  none  of  the  follow- 
ing rules  give  perfectly  accurate  results  in  practice,  especially  at  great  vols. 
The  greater  the  spedflc  gravity  of  the  body  the  better  will  be  the  rsMilt.  The  aii 
reelata  bnth  rlalnar  and  fklllBs  bodies. 

If  »  body  be  thrown  Tertteally  apwards  with  a  given  veL  It  will 
rise  to  the  same  height  from  which  it  must  have  fallen  in  order  lo  acquire  said 
vel ;  and  1  ta  vel  will  be  retard  ed  In  each  seonnd  38:2  It  per  asQ.  Its  average  ascend- 
ing velocity  will  be  half  of  that  with  which  it  started ;  as  In  all  other  cases  of 
uniformly  retarded  vel.  In  falling  it  will  acquire  the  same  vel  that  it  started 
up  with,  and  in  the  same  time.    See  above  Caution. 


Aeeeleration  aoquirsd* 

In  a  given  time  —  g  X  time 

in  a  given  fall  tnta  rest     —  i'  2  ^  x  ftlt 

in  a  given  fall  from  rest  )  ^  twice  the  flJl 

and  givao  time         /"*        time 

Time  required 

-         .             ,      ^,            acceleration 
tor  a  given  aooeleration    -• 


for  aglven  fWl  tttm  rest  -  -y^—-  ^^^_- 
for  a  given  fall  from  rest  i  ^ 


fall 


fall 

elocity 
fall 


or  otherwise 


mean   vel      ^  (initial  vel  +  tinal  vel) 
Fall 


in  a  given  time  (starting  from  rest)  « time  X  H  Aoftl  vel  —  time  ■  X  Hf 
a  given  time  (sUrtlng  ^       ,  initial  vel  4-  linal  t«| 

[h)m  rest  or  otherwise)  /  "  **°*'  ^  "~°  ^*^  "  ""•  X i ^ 

jqd  for  a  given  aoceloratlou  \     acceleration* 
(starting  from  rest)  j- »  --       ^^ 

during  any  one  given  second  (counting  from  rest) 

—  ^  X  (number  of  the  second  (1st,  2d,  Ac)  —  4) 
during  any  equal  consecutive  times  (surfing  from  rest)  or  1, 8,  S,  7, 9,  Ae. 

CalUnsg-82.2l        ,  *    ^     «.      At  the  end  of  the 

weLva        f        *»*•   2d.    3d.    4th.    5th.    6th.    7th.     8th.     9th.     lOtK 


Velocity ;  ft  per  see. 
Dist  fallen  since  end 
of  preceding  sec ;  ft. 

Total  diat  fallen;  ft. 


82.2 
16.1 
16.1 


64.4 
48.3 
64.4 


96.6 
80JS 
144.9 


128.8 
112.7 
257.6 


161.0 
144.9 
402J 


193.2 
177.1 
579.6 


225.4 
209. 


257.6    289.8 


241.5 


788.9,  1030.4 


278.7 
1804.1 


822.8 

805.» 

1610.0 


•  By  "  acceleration,"  <n  /Aw  arjicte,  we  mean  thafote<  aooeleration;  <.  a.,  the  whole 
djange  of  velocity  occurring  In  the  given  time  or  fall  For  the  role  of  aooeleraSon 
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DcMeni  on  Inelteod  ylawwi,  Whan  a  body,  U.  is  placed 
upon  an  inelloed  plane,  AC,  its  whole  weight  W  is  not  employed  in  giving  it 
Teloelty  (aa  in  the  case  of  bodies  falling  ▼ertlcaUy) 
but  a  portion,  P,  of  It  (=  W  X  cosine  of  o  =  W  X 
eosine  of  a*)  is  expended  in  perpendicular  pressure 
sgainat  the  plane;  while  onW  0|  (»  W  X  sine  of  o 
i>  W  X  sine  of  o,^  acts  upon  U  in  a  direction  parallel 
to  the  aurfhee  AC  of  the  plane,  and  tends  to  slide  It 
down  that  surf. 

The  acceleration,  generated  in  a  giren  body  in  a 
given  time,  is  proportional  to  the  force  acting  upon 
the  body  in  the  direction  of  the  acceleration 

Hence  if  we  make  W  to  represent  by  scale  the 
acceleration  y  (say  32.2  ft  per  sec  per  sec)  which  grsT 
woald  give  to  U  in  a  sec  if  falling  freelT,  then  S  will 
gire,  by  the  same  scale,  the  acceleration  in  ft  per 
sec  which  the  aetaai  sliding  force  8  would  give  to  U  in  one  sec  if  there  were 
no  friction  between  U  and  the  plane.    We  hare  therefore 

tJUorOieal  acceleration  down  the  plane  »  ^  X  sine  of  a. 

Therefore  we  have  only  to  substitute  *'0.*Bin  a"  in  place  of  "^;"  and  the 
f/optn^  distance  or  "slide"  AC  in  piece  of  the  correspoDdlng  verticai  distance 
or  **  fall  '*  A  £  in  the  equations,  in  order  to  obtain  the  accelerations  etc  as 

follows: 

on  on  inellnod  i^lane  wltliont  friction. 


Aeeeleraflonfof  sliding  Telocity 

in  a  giren  Ume  -  ^^  ^  acquired  in  falling)  ^  ^ 
111  m  giTcu  uuio         ^^^  during  the  same  time  J  a  wn  » 

■i  p.  sin  a  X  time 


Id  agiven  alide,  as  AC,)        slide 
from  rest  >      M  time 


(vert  aocel  soqulred  in  falling)  

— { freely  thro  the  corresponding  >  =  V  2  ^.  A  E 
I    verthtAE  J 

—  )^  2  ^.  sin  a  X  slide 


Time  required 

^         iiat            t     At         sliding  acceleration 
for  a  given  sliding  acceleration  — g,zina 

for  a  given  slide,  ss  A  C,  from  ^     slide 

"^  ""  \i  final  sliding  velocity  ' 


( 


time  reqd  to  fall  freely  thro  the  correspond* 

_^ ing  vert  ht  A  E 

sin  a 

fi>r  s  given  slide,  from)  slide  ^ slide    

rest  or  otherwise       J      mean  sliding  vel  ""  ^  (Initial  +  Anal  sliding  vels) 
horizontal  stretch,  as  E  C,  _«___«_ 

baaeEC  of  any  length,  as  A C         l/AU»  — AP 

(;ooinea      length  AC""  that  length  ~  AC 

height  A  E  ^  fall,  A  E,  in  any  given  length,  A  C      T/AC— El? 
mnon      "length  AC  ^  that  length  ""  AC 

*  Because  o  and  a  are  eqoaL 
t  By  acceleration,  in  this  arUelei  we  mean  the  total  acceleration,  i.  a.,  the  whole 
change  in  velocity  occurring  in  the  given  time  or  slide.  For  the  raU  of  acceleration 


350  GRAVITY — ^PENDtTLUMB. 

SIMe,  as  A  C 

in  a  gfren  time,  starting  from  rest  =  time  X  }4  final  eliding  Td 

«time«x  J^^.Bino. 
in  a  given  time,  sorting  from  rest      ..    ^  ^  ,, ,, 

or  otherwise  *"  ""^  X  mean  sliding  Tel 

-  time  X  H  (initial  +  final,  alldtng  vek) 

required  for  a  giren  sliding  accel-  «  sliding  acceleration* 
eration  (starting  from  rest)  2  g.  sin  a 

Bnt  in  prfu^tice  the  slidlnr  on  the  plaiie  is  always  od- 
fn^To  SilMfe        '    '''  t««Iii Je  the  effee^  of  Metlonr^?  l!!?: 

»•  ^  X  [sin  a  -  (cos  a.  coeff  fric)]  "  in  place  of  "  g.  ain  a  "  In  the  above  eqnationa. 
Because 

Friction  «  Perpendicular  pressure  P  X  coeiBcIent  of  fHctlon 

=  weight  W  X  cosine  a  X  coefficient  of  friction 
and 

retardation  of  Arietion  =  ^  X  cosine  a  X  coefficient  of  fHetion. 

Besnitant  sliding  aeeeleration 

«  theoretical  sliding  accel  (due  to  the  sliding  force,  8)  —  retardation  of  trio 
■»  iff.  sin  a)  —  (ff.  cosine  a.  coeff  fric) 

=  ffX  fsln  a  —  (cosine  a.  coeff  fric)"] 

If  the  retardation  of  friction  C**  ^r.  cos  a  X  coeff  Me)  U  naileu  than  the  total 
or  theoretical  accel  {*'g.  sin  a")  the  bodf  cannot  aUde  down  the  phtne. 


PENDULUMS. 


Tn  nnmbers  of  Tibrations  which  diff  pendnlnms  will  make  in  any  cItmi  place  in 
a  given  time,  are  inversely  as  the  square  roots  of  their  lengths:  thus,  if  one  of  them 
Is  4,  9,  or  16  times  as  long  as  the  other,  its  sq  rt  will  be  2, 3,  or  4  times  as  great ;  but 
its  number  of  vibrations  will  be  but  lil^^^l^"  great.  The  times  in  which  dlff 
pendulums  will  mal^e  a  vibration,  are  dirtetly  as  the  sq  rts  of  their  lengths.  Thna, 
If  one  be  4,  0,  or  16  times  as  long  as  the  other,  its  sq  rt  will  be  2,  8,  or  4  times  aa 
great;  and  so  also  will  be  the  time  occupied  in  one  of  its  vibrations. 

The  length  of  a  pendulum  vibrating  seconds  at  the  level  of  the  sea,  in  a  Tacuum, 
In  the  lat  of  London  (51^  North)  is  39.1393  ins;  and  in  the  lat  of  M.  York  (409^ 
North)  89.1018  ina.  1  lie  equator  about  ^  inch  shorter ;  and  at  the  polea,  about  ^ 
Inch  longer.  Approximately  enough  for  experiments  which  occupy  but  a  few  sec, 
we  may  at  any  piaoo  call  the  length  of  a  seconds  pendulum  in  the  open  air,  39  ins; 
half  sec,  {^  ins;  and  may  assume  that  long  and  short  Tibrations  of  the  same  pen- 
inlum  are  made  in  the  same  time ;  which  they  actually  are,  trry  nearly.  For  meaa- 
uring  depths,  or  dists  by  sound,  a  sufficiently  good  sec  pendulum  may  be  made  of  a 
Vebble  (n  email  piece  of  metal  is  better)  and  a  ptec«  of  thread,  suspended  from  a 
Jommon  pin.  The  length  of  39  insshouM  be  measunfd  from  the  centre  of  the  pebble 
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Za  ■tartfai^  the  'vibnttonfl,  the  pehUe,  or  bob,  most  not  be  thrown  Into  motion,  bal 
mtnUj  let  drop,  after  extending  the  vtrlng  at  the  proper  height. 

Ve  fliid  the  l«ii|ptli  off  a  pendslsm  read  to  make  a  given  number  of 
tibrations  in  a  min,  diride  378  hj  laid  reqd  number.  The  square  of  the  quot  will  be 
the  loigth  in  ins,  near  enough  for  such  temporary  purposee  as  the  foregoing.  Thue, 
fbr  a  pmdnJnm  to  make  100  TlbrationB  per  min,  we  hare  |^  J  =»  3.76 1  and  the  square 
of  3.75  »  lij06  ina,  the  reqd  length. 

To  Hud  tl&e  nvmber  off  Tllirattoiis  per  min  for  a  pendulum  of 
pTen  length,  in  ina,  take  the  eq  rtof  said  length,  and  dir  875  by  said  sq  rt.    Thoo, 

for  a  pendulum  14.06  ins  long,  the  sq  rt  is  8.76 ;  and  ^  ««  100,  the  reqd  number. 

RsM.  1.  By  practising  befbre  the  sec  pendulum  of  a  dock,  or  one  prepared  as  Just 
slated,  a  person  will  soon  learn  to  count  5  In  a  sec,  for  a  few  sec  in  succession ;  and  will 
thus  be  able  to  divide  a  sec  into  6  eqnal  parts ;  and  this  may  at  times  be  useful  for 
Tery  rough  estimating  when  he  has  no  pendulum. 

CJentre  off  OflelllatlOB  and  PereuMlon. 

BxM.  2L  When  a  pendulum,  or  any  other  suspended  body,  is  vibrating  or  oscillating 
backward  and  forward,  it  is  plain  that  those  particles  of  it  which  are  far  from  the 
point  of  suspension  move  faster  than  those  which  are  near  it.  But  there  is  always 
a  certain  point  in  the  body,  such  that  if  aU  the  particles  were  concentrated  at  it,  so 
that  all  shonid  move  with  the  same  actual  vel,  neither  the  number  of  oscillations, 
nor  their  angular  vel,  would  be  chanced.  This  point  is  called  the  eenUr  of  otciUa- 
tUm.  It  is  not  the  same  as  the  oen  of  grav,  and  is  always  farther  than  it  fh)m  the 
point  of  suspension.  It  isalso  the  otntrt  of  percussion  of  the  suspended  vibrating 
body.  The  diet  of  this  point  fh>m  the  point  of  susp  Is  found  thus :  Suppose  the  body 
to  be  divided  into  many  (the  more  the  better)  small  parts ;  the  smaller  the  better. 
Find  the  weight  of  each  part.  Also  And  the  oen  of  grav  of  each  part ;  also  the  dist 
from  each  such  con  of  grav  to  the  point  of  snap.  Square  each  of  these  dists,  and 
mult  each  square  by  the  wt  of  the  corresponding  small  part  of  the  body.  Add  the 
products  together,  and  call  their  sum  p.  Next  mult  the  weight  of  the  entire  body 
by  the  diet  of  its  cen  of  grav  from  the  point  of  susp.  Gall  the  prod  g.  Divide  p  by  y« 
This  p  is  the  momeiat  off  Inertia  of  the  body,  and  if  divided  by  the  wt  of  the 
' "ir  the  sq  rt  of  the  quotient  will  be  the  Radius  of  Gyration. 

Ancnlar  Telocity. 

When  a  body  revolves  around  any  axis,  the  parts  which  are  farther  from  that 
axis  move  faster  than  those  nearer  to  it.  Therefore  we  cannot  assign  a  stated 
linear  velocity  io  feet  per  second,  or  miles  per  hour  etc,  that  shall  apply  to  every 
pmrt  of  it.  But  every  part  of  the  body  revolves  around  an  entire  circle,  or 
thiough  an  angle  of  WCFi  in  the  same  time.  Hence,  all  the  parts  have  the  same 
velocity  in  degrees  per  second,  or  in  rsvoJuMoiu  per  second.  This  is  called  the 
angular  Telocity,  scientific  writers  measure  it  by  the  length  of  the  arc  de- 
scribed by  any  point  in  the  body  in  a  given  time,  as  a  second,  the  length  of  the 
are  being  measnred  by  the  number  of  times  the  length  of  iU  own  radius  is  oon- 
Uined  in  it.    When  so  measured. 

Angular  velocity        linear  velocity  (in  feet  etc)  per  sec 
in  ndU  per  second  -       jength  of  radius  (In  feet  etc) 

Here,  as  before,  the  angular  velocity  is  the  same  for  all  the  points  in  the  body, 
because  the  velocities  of  the  several  points  are  directly  as  their  radii  or  dis- 
tances from  the  axis  of  revolution. 

In  each  revolution,  each  point  describes  the  circumference  of  the  circle  in 
which  it  revolves  =»  2irr  (w  »  8.1416  etc;  r  =  rsdius  of  said  circle).  Conse- 
quently, If  the  kxxiy  makes  n  revolutions  per  second,  the  length  of  ttie  arc  de- 
scribed by  each  point  in  one  second  is  2ir  rn;  and  the  aneular  velocity  of  the 
body,  or  linear  velocity  of  any  point  measured  in  its  oum  raaiif  is 

a  »  llL!! ..  2 vn  —  say 6.2882 X NTS  per  jscond  »  say  .1047X nts  p^^  f»*inute» 

Koment  of  Inertia. 

Sappoee  a  body  revolving  around  an  axia,  aa  a  grindatone ;  or  oscillating,  like 
a  penanlum.  Suppose  that  the  disUnce  from  the  axia  of  revolution  (which,  in 
the  pendulum,  la  the  point  of  suspension)  to  each  Individual  particle  of  the 
body,  has  been  measured;  and  that  the  square  of  each  such  disUnce  has  been 
Buftiplied  by  the  weight  of  that  particle  to  which  said  distance  was  measured. 
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MOMENT  OF  INERTIA. 


The  sum  of  all  these  products  is  the  moment  of  inertia  of  the  body.   Or 


Homent  . 
of  Inertia ' 


./ 


I 


or, 


I»Sd>tr. 


thesam,         i      _* 
IforaUtheparticlesy    <** 


f  weiffht  sqnare  of  dist 
•{  of  X  ofpaitielefhMa 
(.particle     aKisofrevolatkiB 


Scientific  writers  frequently  use  the  ntau  of  each  particle; 

ie, i : —    its  weight -_---.  instead  of  its  weight,  in  ealcnlattng 

*  acceleration  (^)  of  grayily,  or  about  112.2  ^  ^  ^ 

the  momeut  of  inertia. 

Id  practice  we  may  suppose  the  body  to  be  diTlded  into  portions  measuring 
a  cubic  inch  (or  some  other  small  sise)  each :  and  use  these  iusteat)  of  the  theo- 
retical infinitely  small  particles.  The  smaller  these  portions  are  taken,  the 
more  nearly  correct  will  be  the  result. 

Wheu  the  moment  of  inertia  of  a  mere  ntsfaee  is  wanted  (instesd  of  that  of  a 
body),  we  suppose  the  surface  to  be  divided  into  a  number  of  small  area*,  and 
use  ihem  instead  of  the  weighit  of  the  small  portions  of  the  body. 

weight  of  body,  annAre  of 


Table  of  BadU  of  Gjrratloii. 


Body 


Beirolwiiiir 
around 


Radius  of  Gyration 


ay  body  or 


Solid  cylin- 
der 


ditto 


ditto,  infinitely 

^hort  (circular 

surface) 

follow  eyi- 
inder 

dtto,  infinitely 
thin 

ditto,  of  any 
thickness 

ditto,  infinitely 
thin 

ditto,  InfinitelT 
thin  and  infinitely 
short  (circumfer- 
ence of  a  circle) 

Solid  sphere 


any  glTen  axis 


its  longitudinal 
axis 


a  diam,  midway 
between  its  ends 

a  diameter 


its  longitudinal 
axis 


ditto 

a  dIam  midway 
between  its  ends 

ditto 

a  diameter 
a  diameter 


/moment  of  inertia  around  the  given  axia 
if      weight  of  body,  or  area  of  surface 

radius  of  cylinder  X  'V-^' 
—  radius  of  cylinder  X  about  .7071 


4 


length*        radlui^  of  cylinder 
12       "**  4 


radius  of  oylinder 
2 


4 


Inner  rad>  -f  outer  rad* 


yt- 


radius  of  cylinder 
nner  rad*  +  outer  rad»   .   length* 


4 


radius*  of  cylinder  .  length* 


12 


radios  of  cylinder 
>«  radius  of  cylinder 


xJ4 

X  about 


>ut  .7071 


v= 


/radlufl*  of  sphere 
2.5 

■»  radius  of  sphere  X  '\/~A' 
—  radius  of  sphere  X  about  .$8248 
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Bodjr 


Hollow 
•phere  of  any 

thlckneM 

ditto,  thin 

dUto,  infinitelT 

thin  (spheriou 

aurnee) 

ab 


KevolTlnc 
arouiiil 


a  diameter 
ditto 


Clrenlar 

l^la«c,ofrect- 
mgulair  croea  sec- 
tion 

fTlrenUip 

rUiC  of  rectan- 
gular croBB  section 

Sqnisre,  reot- 

ISBSlO  OBd 

otiier  BUT' 


any  point,  s^  In  its 
length 


elthor  end,  a  or  6 

its  eenter,  • 
its  axis 


See  Solid  eyiin. 
der 

See  Hollow  cylin- 
der 


Radliu  of  Gyrtstion 


V2  (oQtar  rad*  —  inner  rad*) 
6  (outer  rad»  —  inner  rad*) 
approx  (outer  rad  +  inner  rad)  X  4086 

radius  of  sphere  X  \/-|- 
—  radius  of  sphere  X  about  .816S 


»ab 


length  aft  X-J-J- 

—  length  abX  about  ^775 

—  length  abX  about  .2887 


radius  of  base  of  oone  X  l/lT 
sXi477 


—  radius  of  base  of  ooue  : 


For  the  Ihidmeu  of  plate  or  ring, 
measured  perpendicularly  to  the  plane 
of  the  circumference,  Uke  the  length  iA 
the  cylinder. 


For  Uaa  radius  of  gyration,  or  that  aroand  the  Umaut  axis. 
see  pp  858  a  and  ft. 


( 
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RADII    OF  GYRATION. 


B«IatioiiB  of  least 

In  any  cross  sectioD,  let 

/  —  leant  moment  of  inertia ; 

a  =-  are^j_ 

r  =»   1  //a  "^  least  rad  of  gyration; 

D  —  least  external  diam  or  side  ; 

d  "*  least  internal  diam  or  side  ; 

We  then  have  the  following  relations  : 


radiuB  of  iryr^Uon,  r,  and  least  side,  Z>. 


B  —  greateet  external  diam  or  mde ; 

b  -»  greatest  internal  diam  or  side ; 

t  B  thiokneas  of  wall : 

e  --  D/t;  1/12  -  0.0833 

m  -  B/D;        ^12  -  3.4641 


Cross  Section 


r 


(?5 


jp  Solid  sqTiare 


-f  B 

lot 

.1     >*" 


Hollow* 
8qaare> 
'uniform 
thickneu 


/ 


D 


12 


12 


12 


Vl2 


/ 


HI)* 


12 


12  D«* 


8oUd 
[^rectangle, 


VIS" 


Hollow  ^ 

rectangle, 

of  imif orm 

.i  thickness 


VIS 


'D^^IcPi 


7)« 
12 


D*B-d% 


Vl2" 


12(2>B^ft) 


Solid  circle 


T   Hollow 
I     circle, 

jpof'oniform 
I    tMckness 


D 

T 


/ 


16 


12(2>J5-</6) 


16 


16 


-^^^^^ 


^D\d* 


12D' 


D*B-d*b 


16 


16  D* 


*  Hollow  square ;  c  ->  D/f. 

When  c  -     6  10  20, 

(D/r)*  -  8.82  7.32  6.63. 

t  Hollow  rectangle  of  uniform  thickness ;  c  —  Dft ; 
Whenc   -  5  10 


m  -  BID. 
20. 


2 
7.64 


1.6 
6.62 


2 
6.23 


1.6 
6.01 


6.66. 


and  m  —   1.6 
iDjr)^  -  7.98 

**  Hollow  circle  of  uniform  thickness  ;  c  *  Dft. 
When  c  -      6  10 

iDIr)^  -  11.76  9.76 

ft  Angle  with  unequal  leffB ;  m  -  B/D.  See  p  363  6. 

Whenm  -     1.26  1.60  1.76  2.00  2.26, 

(D/r)«  -  21.60  18.78  17.00  16.70    ,      14m 
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20. 

8.84. 


Tbe  eqaatloiui  below 


approximate  only. 
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CKamirraAi.  wmmcm. 

*-*i-.|  ,M,'.r,f*.r^*rfKi  circle,    T^f<'J^^'^yJ:^  ^^^^ZL^/Z^^^w^ 
;».*•  ,^il.,////,/rri*c.irir*,*t4J.,etc.    Like  all  force,  it  uimadUonow 
'»  »'  -.,  f#,r,/  lr.«VM»i*r  K*  n^rf^rftte  them  or  to  draw  them clowr  «««^r,^^^ 

♦'  »»''.!/  J,  foUnt  lh«  <^nUir.  r,  and  the  nail  or  ^^x^'i^'i ^l^^Z^^Aa^l^^ 
"  *rr  /;.  #•//«  ,  /.  r  ,  Aftw  thfl  center.  In  the  case  of  a  car  on  a  carve  J»  ^J**"  t  ^S 
r  #.,r..:;//  l,;^  Min'lir,  an<l  the  rail.  Aom  the  ce^^SLi^^^Ftoiie^X  ISS 
'f'0*'ifui  UA  r  A*«'«r./  the  winter  la  called  the  «5«*£fl>«J*V5?^i'  S^d  "S 
'  •  t    or  jM.-ti  loiKlInu  t«  HM.vo  the  ^''>f ^<»i^ body  >^^^jSt  ?S^io"Sd€?'\WS 

•  ••  %  rftH M Ml  ft»rr<*.  T»MW»  two  '* forces,"  beinE  mc^ly '^«iT2«  SSw cxtac 
^  .M  «M  "r  nil.  -IIIII0  inn«»,  ur«  necoHnarlly  equal  a°d  oppj^itejand  can  og^x^^ 

l*»»Mmm     'Ihii  mtMmMitth«ntrt»iwor  tension  exceeds  the  strengjh  (or  inneren* 

l%t...UM  h )  unht^  MrlMK.oto..  the  iHtter  breaks.   The  centripetolandwnm 

►Ml  I n  lh..Hi|..ni  hiMiuitly  wane;  «nd  the  boiv,  no  longer  ^turted  toy ^ 

•MtM.HHu  0«M'i»,  m«v«»«  on.  wt  a  uniform  velocity*  «  a  tan^nt.  «rf  or  i^w-^^ 

•  V  <  ♦  ♦"'"•  I'"* '» i  <« "'.  •♦»  «•'«»»*  *««»•»  ^  * *»®  direction  which  the  centrlfugM  foro» 

1  •#>    4  iiliiii'ltt  iH«v«>lvlnir  body,  a.  Fig.  1.    l«t 
^  I lut  (H*u(i HAih^tO  or  (vutrl)>etal  (brce, tn  pounds. 

I  %         \  W  ^  HvU u  •  > ^»  \i|  I  h%t  )M^t h  of  tho  .v^/rr  i|f  ^mrtty  of  the  body  a,  m  *^ 
b  Mo*  \u«uvMo\  wUn^ity  of  the  K»ly  t«  in  its  circular  path  ooo,  la  leei  per 

»%        lUo  oo^o^voi  ol  in^v\4olk«o»  |ker  mlnulei  _ 

^    ».  ^'vs*  i^ssvU^^muvo  N'f  ^ri^xiw  -  M^  «La  «^et  per  secood  per  second, 

^\>^\  Vx\v^VM^wkk^«Hr•k^^Jtv♦«v^*%l«Ml»f•rHkilftute:/»W--     - 1  .  •  -  (D 

N  V  ^,  ">  V  "**^V  *  *^  ''*^'**'    x*«*^*»C*     ****-  '■'^MMWKr^  f€  ^fc*  »ft\  ••c. 

»  ^'      '        »  ^^x         %>,>N>»%<.    u  «.t«vHt  tv  ».ta  il^^'c^Ml  ^ tj^ TvlBCilr  V of  Ae bo4y 

'  *        «v       >     S.  .n>     «««^.v       -     .«  .     vnt       1  ■     MWIMai    ewi    JfTTTtiTT-    of  ICS 

N       *        ^    *     \''  *     *   '^     sv^^-v^v,..v    ^.    .>,      1)nf    H     •   «  3k  fc^B^k.  >t  jBlilllllg  in 

-»  *  »s.    •«   ^    •^^     '^  .^» .      v*^A^  *o»i  yaJitl  TCsyectfrvBly  to^ 

^'      *  ^      <*  ^«    «»    ••     *. ..  K  ••  >t   ji«  viitiMa    v^«  tib*  aureliratlnii 

*    •  •»>   '»-    ^v>x»v.   >v   ^  oi>««ttt\*,i  >«^  ;lb*  ecv «■' :  •■d* ^Bce angle 

^  X     N.S    »,  ,    .*,    ...^>..4s..,    ^n«^  S  fc  *r.  ^  «r^r  =  €»«^:ai« 

■*  "*  ^      vv,  s»^  »*.   v.\NsVx.ite>v^»  ««^    ;»    ux  ^«K>iU«4  *r  3ii»  "rf  eoesiMBilB*,  Is — 

\V     X  .  >>        '  >»K,  .    •    ■      *   *    ,^^_^»^*»   _**«■«*, 
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(b)  Wkcels  and  dines.  Suppose  the  rim  of  a  wheel  to  be  cut  Into  ▼err  sbort 
•Uces,  as  shown  (much  exaggerated)  at  a,  Fig.  2.    Then  for  each  slice,  as  a,  by 

fonnala  (!):/=»  weight  W  of  slice  X  ^  ;*  and  if  each  slice  were  connected 

Kff 


tig.  5 


Fig.  7 


^  the  center  by  a  separate  string,  the  aum  of  the  stieases  in  all  the  atringi 
PKglectiAg  friction  between  acUacent  slices)  would  be : 

P  ~  sum  of  centrifugal  forces  of  all  the  slices  f  »  weight  of  rfm  X  ^—  .  .  .  (4). 

Bat  the  stress  with  which  we  are  usual  ly  concerned  in  such  cases  (tIs.  :  tfeie 
•cnaion  in  tlie  rim  Itself  in  the  direction  of  a  tangent  to  its  own  cir- 
cnoference)  is  fnueh  ten  than  the  theoretical  qusntity  F  obtained  from  formula 

(4).  being  in  ftct  only  r^,  ^'  ^^'  ^^'  suppose  first  that  the  same  thin  rim  is 
fit  only  at  two  opposite  points  m  and  n,  Fig.  8,  and  that  its  two  halres  are  held 
^tether  only  by  the  string  S. 


*  If  the  rim  is  Tery  thin  In  proportion  to  Its  diameter  km,  we  may  take  the  center 
"  BATity  of  each  slice  as  being  in  a  drele  mn  midway  between  the  inner  and  outer 
iyi_^  -..    _._       ^.   . «      inner  wdiue  +  outer  radius     _         -       -  .  ^. 

wgei  of  the  rim,  so  that  B  = ~ .    In  a  rim  of  apprpdable 

[U^iM«,  tUs  to  not  the  esse,  because  each  slice  Is  a  little  thicker  at  its  outer  than  at 
ti  inner  end.  See  Fig.  6.   Hence  its  center  of  gravity  is  a  little  outside  of  the  currsd 

T  in  a  perfectly  balanced  rim  (I.  e.,  a  rim  whose  center  of  grarity  coincides  with  its 
center  cf  rotation,  as  in  Fig.  3)  the  centrifugal  forces  of  the  particles  on  one  side  ef  « 
oranteitaknee  those  on  the  opposite  side.  Here,  too,  R  a  0.  Henoe,  <u  a  tvftois, 
•ttch  a  rim  has  «o  emitr\f9gal  force  ;  i.  «.,  no  tendency  to  leave  the  center  In  any  one 
diiectiea  by  virtue  of  its  rotation.  But  if  the  two  centers  do  not  coincide  (Fig.  4), 
uen  the  rtm  Is  a  single  revolving  body,  and  its  centrifugal  force  is:  /  <»  weight 

of  eotlrB  rim  X  ^;  where  B  Is  the  distance  between  the  two  centers,  and  *  the 

velod^  of  the  oeater  of  gravity  a.   The  fbroe  /  acts  In  the  line  joining  the  two 
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/  s  the  centrifugal  or  centripetal  force,  in  pouoda. 
W  =  the  weiffht  of  the  body  a,  in  pounds, 
R  =  the  radius  ca  of  the  path  of  the  cetUer  of  gravity  of  the  bodr  a,  in  feet, 


CENTRIFVOAI.  FORCE. 

When  a  body  a,  Fig.  1,  moves  in  a  circular  path  oM,  it  tends,  at  each  point,  as 
a  or  6,  to  move  in  a  tangent  at  ot  W  U>  the  circle  at  that  point  But  at  each 
point,  as  a,  et«.,  in  the  path,  it  is  dt^eeted  from  the  tangent  by  a  force  acting 
toward  the  center,  c,  of  the  circle.  Tnis  force  may  be  the  tension  of  a  string,  ca, 
or  the  attraction  between  a  planet  at  c  and  its  moon  a.  or  the  inward  pressure 
of  the  rails,  a  6,  on  a  curve,  etc.,  etc.  Like  all  force,  it  ta  an  action  between  two 
bodies,  tending  either  to  separate  them  or  to  draw  them  closer  together,  and  act- 
ing equally  upon  both.  (See  Art.  5  (&),  p.  8S2).  In  the  case  of  the  string.  itjnUU 
the  body  a,  toward  the  center,  r,  and  the  nail  or  hand,  etc.,  at  c,  toward  tbe  body 
at  a  or  6,  etc. ;  i.  e./from  the  center.  In  the  case  of  a  car  on  a  curve  it  pushes  the 
car  Unowrd  the  center,  and  the  rails  from  the  center.  Tbe  pull  or  push  on  the 
revolving  body  ioufani  the  center  is  ealled  the  eenAripetel  force;  while  the 
pull  or  push  tending  to  move  the  deflecting  body  from  the  center  is  called  the 
eentrminl  force.  These  two '' forces,"  beine  merely  the  two  ''sides  "  fas 
it  were)  of  the  same  stress,  are  necessarily  equal  and  opposite,  and  can  only  exist 
toeether.  The  moment  the  stress  or  tension  exceeds  the  strength  (or  inherent 
conesive  force)  of  the  string,  etc.,  the  latter  breaks.  The  centripetal  and  centrif. 
ugal  forces  therefore  instantly  cease ;  and  the  bodv,  no  longer  disturbed  by  a 
deflecting  force,  moves  on,  at  a  uniform  velocity,*  in  a  tangent,  at  or  bt,  etc.,  to 
its  circular  path ;  i.  e.,  at  right  angles  to  the  diiection  which  the  centrifugial  foroe 
had  at  the  moment  it  ceased. 

(a).  A  alncle  revolirliiir  body,  a,  Fig.  1.    Let 
i  the  centrifugal  or  centripetal  force,  in 
:  the  weiffht  of  the  body  a,  in  pounds, 
>  the  radms  ca  of  the  path  of  the  ceiUer  ,  ^        ^ 
V  =  the  uniform  velocity  of  the  body  a  in  its  circular  path  ahd^'in.  feet  per 

second, 
n  » the  number  of  revolutions  per  minute, 
g  —  the  acceleration  of  gravity  =  say  82.2  feet  per  second  per  second. 

900  9  «  about  28980. 
«-  B  circumference  +  diameter ««  say  8.141ft.  v*  —  about  0.8686b 

Then,  for  the  oentrifti^Al  force*  /: 

If  we  have  the  velocity  v  in  feet  per  second :  f^W^f.,,(l) 

Kg 

If  we  have  the  number  n  of  revolutiona  per  minate:/—W^^—t  ...(*) 

/- about  .0008406  WBm*  2  ...(<)- 

*  Neglecting  friction,  gnwity,  the  resistance  of  the  air,  etc. 

t  For  let  af,  Fig.  1,  represent  the  amount  and  direction  of  the  velodu  *  of  the  body 
t  a  in  feet  per  second.  Then  at  the  end  of  one  second  the  body  will  have  reached 
.he  point  b  (the  arc  ab  being  made  =  a<),  and  the  amount  and  direction  of  its 
velocity  at  b  will  then  be  represented  by  the  line  bt  ^  ailn  length,  but  dUTerlng  in 
direction.  Drawing  ca  and  at'  at  the  center,  equal  and  parallel  respectively  to  ei 
and  bf,  wo  And  that  the  change  in  the  direction  of  the  motion  (t. «.,  the  aceeleimtion 
toward  the  center)  during  the  second  is  represented  by  the  arc  wi';  and,  since  angle 
oeb  »■  angle  ueu\  we  have  the  proportion,  radius  ROTiic:a6or<i<::e»oral:aro 
Ml'.    In  other  words,  the  acceleration  mm'  in  one  second,  or  rate  of  aooelerstion,  is  ■* 

ai*        V* 

—  w  -  -  •  and,  for  the  force  causing  that  acceleration,  we  have 

«s  «t 

/a  mass  of  body  X  rate  of  acceleration  —  mass  of  body  X  -^  "*  ^  r~* 

J?y formula (!),/« W".    Butw  —  — — — :andv*M 


B^  60      •        '  8600  600      * 

)  Formula  (3)  is  obtained  fh)m  (2)  by  snbsUtntlnf  tiM  tatasf  OJO06  asd  28860  Ibt 
s*  and  900  g  re^ectively. 


Digitized  by\jOOgl€ 


CEHTRIFUOAI.  FOBCE. 


355 


(^)  W1ie«ls  and  d lues.  Suppose  the  rim  of  a  wheel  to  be  cat  Into  Terr  abort 
ilioei,  as  shown  (much  exaggerated)  at  a,  Fig.  2.    Then  for  each  slice,  as  o,  by 

Ibrmula  (!):/=  weight  W  of  slice  X  ^  ;•  and  if  each  slice  were  connected 

Kff 


Plg.S 


Flg.r 


vttb  the  center  by  a  separate  string,  the  sam  of  the  streases  tn  all  the  string! 
(neglecting  friction  between  adjacent  slices)  would  be : 


F  «  sam  of  centrifngal  forces  of  all  the  slices  f  =  weight  of  rim  X 


(4). 


But  the  stress  with  which  we  are  osually  concerned  in  such  cases  (tIs.  :  tfeie 
tenalon  In  tfeie  rim  itself  in  the  direction  of  a  tangent  lo  its  own  cir- 
comference)  Is  mtuh  ten  than  the  theoretical  quantity  F  obtained  from  formula 

(4),  being  in  fkct  only  r^^  of  it.    For  suppose  first  that  the  same  thin  rim  ie 

eat  only  at  two  opposite  points  m  and  m,  Fig.  8,  and  that  its  two  halres  are  held 
together  only  by  the  string  S. 

^  If  the  rim  is  Terr  thin  fn  ptxtportion  to  Its  diameter  am,  we  may  take  the  center 
af  grarlty  of  eadi  slice  as  being  in  a  circle  mn  midway  between  the  inner  and  outer 

edges  of  the  rim,  ao  that  B  «  n"^'' "    °*  ^  "       •    ^"  *  '*™  ^  appreciable 

thickness,  this  is  not  the  ose,  because  each  slice  Is  a  little  thicker  at  its  outer  than  at 
Its  inner  end.  See  Fig.  5.  Hence  its  center  of  ginrity  is  a  little  outside  of  the  currad 
Hoe  MM,  Fig.  2. 

t  In  a  perfectly  balanced  rim  (i.  «.,  a  rim  whose  center  of  grari^  ooincidea  with  Ita 
Mnter  of  rotation,  as  in  Fig.  3)  the  centri1\igal  forces  of  tbe  particles  on  one  side  ef  a 
eounterbahmce  thoae  on  the  opposite  side.  Here,  too,  R  »  0.  Hence,  aa  a  wJkoIi^ 
such  a  rim  has  ao  emdiif»gol  farce;  L  «.,  no  tendency  to  leave  the  center  in  any  one 
direction  by  virtue  cX  ita  rotation.  'Sot  If  the  two  centers  do  «o<  coincide  (Fig.  4), 
then  the  rim  is  a  single  revolring  body,  and  its  oentriftigal  force  is:  /  «:  weight 

ef  entire  rIm  X  ^r~ ;  where  B  is  the  distance  between  the  two  centers,  and  a  tbe 

velocity  of  flie  center  of  grarity  «.    Tbe  Ibroe  /  acts  In  the  line  Joining  the  two 


{ 
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Then:* 

F 
semi-circumferenoe  mxn :  diameter  mn::  —  :  pull  on  the  string  S ; 

■othat 
pull  on       half  weight  ^  ^       2      weight         t>»   ^  F         F_ 
ftirinc  S  ™      of  rim      ^  R^  ^  »  "*  of  rim  ^  R y  ■■      »"  3.1416  *  "  '  ^  '• 
and  If  the  rim  is  now  made  complete  by  Joining  the  ends  at  m  and  n,  and  if  tli« 
ttriiig  S  is  removed,  then  the  pull  on  the  string  by  fonnula  (5)  will  be  eqiutllw* 
divided  between  m  and  n.    Hence  each  cross-section,  as  m  or  n,  of  the  rim,  will 
sustain  a  tensile  stress  eqoal  to  half  the  pull  on  the  string ;  or 
^        ,        .        .           F           F           weight  of  rim  X  »■ 
tension  In  rim--  -  --  -        %.2832R^ <«>• 

The  centripetal  force,/,  Fig.  2,  holding  anjr  part  o  of  tho  rim  to  its  circoUr  patht 
is  the  resultant  of  the  two  equal  tensions  at  the  ends  of  that  part. 
For  the  ttrt— per  square  inch  of  cross-section  of  rim,  we  have: 
tension  in  rim 
«n     •  ress  -•  ^^^^  ^  ^^  cros8-6ection~of~rim,  in  square  inches 
F       ^  weight  of  rim  X  v*  ,». 

^  6.2832  A  6.2832  A  R  ^         ^  *' 

We  shall  arrive  at  the  same  result  if  we  reflect  that  the  pull  in  the  string  S 
or  the  nmi  of  i  he  two  tensions  at  m  and  n,  is  equal  to  the  centrifugal  forcey  of 
either  half  of  the  rim.  revolving,  as  a  single  body,  about  the  center  c.  Kind  the 
center  of  gravity  G  of  the  half  rim,  and  then,  iu  formula  (1),  use  the  velitcity  of 
that  point,  and  the  radius  cG  instead  of  velocity  at  a  and  radius  cs  respectively ; 
thus: 

pun  m  .tring  .  /=  ~»o'/^i,^"»-  weightof  hlf-rta  X  ^'^^■, 

and  half  of  this  is  the  tension  in  each  cross-section  of  the  rim.t 

If  the  rim  were  infinitely  thin,  cG,  Fig.  .'l,  would  be  0.6366  cz. 
If  its  thickness  must  be  taken  into  consideration,  and  if  it  is  of  recungular 
eross-eection.  And  the  centers  of  gravity  ^  and  g',  Fig.  6,  of  the  whole  semicircular 
segment  ct  and  of  the  small  segment  e6  respectively  (rg  ^  0.4244  ex,  and  et/*  « 
0.4244  cb.  Then 

.f,          ,     area  of  entire  segment  cm 
iT^^ffff^X         -~-  -^  h^{"ri^ • 

For  rims  of  other  than  rectangular  cross-section,  use  formulie  (4),  (5)  and  (6). 

In  A  cilMC,  «ncli  AM  a  irrindatone,  the  tension  in  each  full  cross-section 
mn.  Fig.  7,  is  eonal  to  the  centrifugal  force  /  of  hnlf  the  disc  Let  W  »  weight 
of  half  disc.  '1  he  distance  cG  f^om  the  center  e  to  the  center  of  grarity  G  of 
the  half  disc.  Is  cG  ««  0.4244  ez;  and  the 

*  In  Fig.  2,  let  the  c(«ntrirtigRl  force  of  any  slice,  o,  be  represented  by  the  diagonal, 
/,  of  a  rectungle,  whose  sides,  H  and  V,  are  respectivelr  parallel  und  perpendicular 
to  the  given  diameter  mn.  Then  H  and  Y  represent  the  components  of  /  in  thoae 
two  directions.  The  equal  and  opposite  horisontal  components  H,  of  o  and  of  th*' 
cotTssponding  slice  o\  being  parallel  to  mn,  have  no  tendency  to  pull  the  rim  apart  at 
m  or  N.  Hence,  the  pull  on  a  string  S,  Fig.  3,  perpendicular  to  mii,  is  the  sum  of  the 
components  V  of  all  the  slices.  For  each  very  thin  slice,  Fig.  6  (greatly  exaggerated ) 
we  have  (since  angle  A  =  angle  A') : 

Length  I  .  its  horizontal  . .  centriftigal  force  .    its  Terttcal 
of  slico   *  projection,  p  "       /,  of  slice       "  component  V. 
Hence,  for  the  entire  half-rim  ma.  Fig.  3  (made  np  of  such  slioesX  we  hare : 

Length  nun  ,  itshoriwntal    ..  !?*  fT^l^i?  ?n 'Jl'l .  ▼^rti'^^c^mU 
of  half-rim    ''  pn,Jectio„  m,   '  •  S^jJ.  ^^J^ellf ^^    ST^^?  JjcSi?" 
which  is  identical  with  the  proportion  at  top  of  iNige. 

t  The  rims  of  revolving  wheels  are  usually  made  strong  enough  to  resist  the  tension 
due  to  the  centrifngal  force,  without  aid  from  the  gpokf^  whicli  thus  have  merely  to 
snpport  tho  voeighl  uf  the  wheel.  But  if  the  rim  hreakt^  the  oentriftigal  forces  of  it* 
fragments  come  entirely  upon  the  spokes;  and,  since  the  brenkage  is  always  irregu- 
lar, some  of  the  spokes  will  always  receive  more  than  their  slM|ilsriOOQlC 
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mn  »  f  »  W  i^5L»t_Gi!  _  .y  0.4244*  (vel.  at «)« 
WMl.  cOXy  0.4244«X^ 


^  ^  0-^244  (vel.  at  «)■ 

,,  0.4244  y»  n*  c» 
9Wg 

The  BtTMBper  jguoTi  itteh  in  any  Aill  aeetion  mn  ia 
tension  in  mn 


«W^ 


.  (8). 


nMii  strvas  «• 


area  of  cross-flection  in  square  inches 


=  W 


-W 


0.4244  (velocity  at  *)« 

diam.  m«,  ins.  X  thickness,  ins.  X  «  X  ^  " 

0.4244  w'  n*  ct 

dlam.  mn,  Ins.  x  thickness,  ins.  X  900  ^ 


.(lOX 
.  (11). 


Fig.  5 


( 


/s=  the  centripetal  force,  in  pounds,  actins  upon  a  single  revoWing  body,  a. 
Figs.  1, 2,  4  and  o.  or  upon  the  hali^rini  or  half-disc,  Figs.  3,  6  and  7 
=  the  centrifugal  force  exerted  by  such  body. 

F  ^  the  sum  of  the  centrifugal  liorces  f,  of  all  the  particles  of  a  rim,  Fig.  3. 
W  =  the  weight  of  the  body,  in  pounds. 

R  =  the  radius  eo,  Figs.  I,  4  and  5,  cf  the  path  of  the  center  qf  gravltif  of  the 
body. 

r  —  the  uniform  velocity  of  the  body  in  JIts  circular  path,  in  feet  per  second. 

n  s:  ttte  number  of  reToUitions  per  minute. 

ff  »  the  acceleration  of  gravity  «>  say  32.2  feet  per  second.    900  g  —  about 


diameter 
In  a  rollinur  wheel,  each  point  in  the  rim,  during  the  moment  when  it 
touches  the  ground,  is  stationary  wUh  respect  to  the  earth;  but  each  particle  has 
the  same  velocity  aiwui  the.  center  as  if  the  'a««r^ere j^tiomarv.  and  hence  the 
eentrifagal  force  has  no  effect  upon  the  weight.         '9' '^"^  ^^  ^kj^^  . 
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STATIOS. 

FORCES. 

1«  Statics  Defined*  The  science  of  statics,  or  of  equilibrium  of  forces, 
takes  account  of  those  very  numerous  oases  where  the  forces  under  con- 
sideration are  in  equilibrium,  or  balanced.  It  embraces,  theiefoie^  ftU  cases 
of  bodies  which  are  said  to  be  "at  rest."* 

2.  In  the  problems  usually  presented  in  civil  engineering,  a  certain 
given  force,  or  certain  given  forces,  applied  to  a  stationary  *  body  (as  a  bridge 
or  building)  tend  to  produce  motion,  either  in  the  structure  as  a  whole  or  m 
one  or  more  of  its  members;  and  it  is  reouired  to  find  and  to  apply  another 
force  or  other  forces  which  will  balance  tne  tendency  to  motion,  and  thus 
permit  the  structure  and  its  members  to  remain  at  rest.     See  K  33,  below. 

8.  Equilibrium.  Suppose  a  body  to  be  acted  upon  by  certain  forces. 
Then  those  forces  are  said  to  be  in  equilibrium,  when,  as  a  whole,  they  pro- 
duce no  change  in  the  body's  state  of  rest  or  of  motion,  either  as  r^ards  its 
motion  as  a  whole  along  any  particular  line  (motion  of  translation),  or  as 
regards  its  rotation  about  any  point,  either  within  or  without  the  body. 
In  such  cases  the  body  also  is  said  to  be  in  equilibrium.    See  %  84,  below. 

4.  A  body  may  be  in  equilibriom  as  r^;ards  the  forces  xmder  consideration, 
even  though  not  in  equiliorium  as  regardis  other  forces.  Thus,  a  stone,  held 
between  the  thumb  and  finger,  is  in  equilibrium  as  regards  their  two  equal 
pressures,  even  though  it  may  be  lifted  upward  by  the  excess  of  the  muscular 
torce  of  the  arm  over  the  attraction  between  the  earth  and  the  stone.  Simi- 
larly, on  a  level  railroad,  a  car  is  in  equilibrium  as  regards  gravity  and  the 
upward  resistance  of  the  rails,  although  the  horisontal  pull  of  the  locomotive 
may  exceed  the  resistanoe  to  traction. 

5.  Molecular  Action.  Any  force,  applied  to  a  body,  is  in  fact  made 
up  of  a  system  of  forces,  often  parallel  or  nearly  so.  applied  to  the  several 
particles  of  the  body.  Thus,  the  attraction  exerted  bv  the  earth  upon  a 
grain  of  sand  or  upon  the  moon  is,  strictly  speaking,  a  cluster  of  nearly  par- 
allel forces  exerted  upon  the  several  particles  of  those  bodies;  but,  for  con- 
venience, and  so  far  only  as  concerns  their  tendency  to  move  the  body  as  a 
whole,  we  conceive  of  such  forces  as  replaced  by  a  single  force,  equal  to 
their  sum  and  acting  in  one  line.  In  thus  considering  the  forces,  we  as- 
siune  that  the  bodies  are  absolutely  rigid,  so  that  each  of  them  acts  as  a 
single  **  material  particle**  or  '*  material  point.** 

6.  Transmission  of  Force.  The  upward  pressure  of  the  ground,  upon 
a  stone  resting  upon  it,  acts  directly  only  upon  those  particles  which  are 
nearest  to  the  ground.  These,  in  turn,  exert  a  (practically)  eaual  upward 
force  upon  those  immediately  above  them,  and  so  on ;  and  the  force  is  thus 
transmitted  throughout  the  stone. 

7.  Btgrid  Bodies.  In  treating  of  bodies  as  rigid,  we  assume  that  the 
intermolecular  forces  hold  the  several  particles  absolutely  in  their  original 
relative  positions. 

It  is  not  the  material  that  resists  being  broken,  but  the  forcea  whieh  hold  its 

E articles  in  their  places.     Thus,  a  cake  of  ice  may  sustain  a  great  pressure; 
ut  its  particles  3^eld  readily  when  its  cohesive  forces  are  destrosred  by  a 
melting  temperature. 

8.  Force  Units.  The  force  units  generally  used  in  statics  are  those  of 
weight,  as  the  pound  and  the  kilogram.     See  Conversion  Tables,  p.  235. 

In  statics  we  have  no  occasion  to  consider  the  masses  of  bodies  (except 

*  Strictly  speaking,  abaoluU  rest  is  scarcely  conceivable,  since  all  bodies 
are  actually  in  motion  (see  Art.  3.  p.  331).  so  that  unbalanced  forces  produce 
merely  changes  in  ths  statea  of  motion  of  bodies.  Yet,  for  a  body  to  be  at 
rest,  relaHve  to  other  bodiee,  is  a  very  common  condition,  ancL  in  practical 
statics,  we  usually  regard  the  body  under  consideration  as  being  at  rest 
relatively  to  the  earth  or  to  some  other  large  body,  so  that  the  change  of 
state  of  motion,  due  to  the  action  of  unbalanced  force  upon  it,  consists  in  a 
ehange  from  relative  rest  to  relative  motion.     See  K  33,  below,  qq  [^ 
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in  oo  far  as  these  determine  their  weights,  or  the  force  of  gravity  exerted  upon 
tbem),  bodies  being  r^s<^rded  merely  as  the  media  upon  and  through  which 
the  forces  under  consideration  are  exerted.  Hence  ire  require,  in  statics, 
no  xmits  of  mass;  and,  as  the  bodies  are  regarded  as  being  "at  rest/'  no  units 
of  time,  Telocity,  acceleration,  momentum,  or  energy. 

9.  Forces*  how  DetermlBjed.  A  force  is  fully  determined  when  we 
know  (1)  its  amount  (as  in  potmds,  or  in  some  other  weight  unit)*  (2)  its 
direction,  (3)  its  sense  (see  1[  10),  and  (4)  its  position  or  its  point  of  appiica- 
don. 

10.  When  a  force  Is  represented  by  4  line*  the  lensth  of  the  line 
mav  be  made  to  represent  by  scale  the  amount  of  the  force,  and  its  direction 
and  position  may  often  be  made  to  indicate  those  of  the  force,  while  the  sense 
of  the  force  may  be  shown  by  arrows  or  letters  affixed  to  the  lines,  or  by  the 

^Xhus,  the directionM  of  the  forces  represented  by  lines  a  and  b,  Hg.  1,  are 
vertieal,  and  those  of  e  and  d  are  horisontal.  The  §en§e  of  a  is  upward,  of  h 
downward,  of  e  right-handed,  of  d  lelt-handed.  Thus,  a  and  b  ore  of  like 
direction,  but  of  opposite  sense ;  and  so  with  c  and  d.  In  treating  of  vertical 
or  horisontal  forces,  we  usually  call  upward  or  right-handed  forces  posl« 
tlye»  and  downward  or  left-handed  forces  neKativei  as  indicated  by  the 
signs,  +  and  — .  in  Fig.  1.  When  a  force  is  designated  by  two  letters,  at- 
tached to  the  line  representing  it,  one  at  each  end  of  the  line,  the  sense  of  the 
foroe  tamy  be  indicated  by  the  order  in  which  the  letters  are  taken .  Thus,  in 
Kbp.  1,  hjKving  regard  to  the  directions  of  the  arrows,  we  have  forces,  €f,hOt 
^Candftm. 

11.  litne  of  Aeflon,  etc.  The  point  (see  1 5)  at  which  a  force  P.  Fig.  2, 
is  supposed  to  be  applied,  as  a,  is  called  its  point  of  application.  But 
the  toree  is  transmitted,  by  the  particles,  throughout  the  body  (see  ^  6),  and 
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toe  effect  of  the  foroe,  as  regards  the  body  as  a  whole,  is  not  changed  if  it^ 
be  regarded  as  acting  at  any  other  point,  as  6,  in  its  line  of  action.  W( 
may  therefore  regard  any  point  in  that  line  as  a  point  of  application  of  thi 
foroe.  For  instance,  the  tendency  to  move  the  stone,  Fig.  2,  as  a  whole,  wilL 
not  be  changed  if,  instead  of  ptuhinq  it,  at  a,  we  apply  a  pull  (in  the  same^ 
direction  and  in  the  same  sense)  at  o ;  and  if  a  weight,  P.  be  laid  upon  the 
top  of  the  hook,  at  &,  Fig.  3,  it  Will  have  the  same  tendency,  to  move  the 
hook  as  a  whole,  as  it  has  when  suspended  from  the  hook  as  m  the  Fig. 

A  force  cannot  actually  be  applied  to  a  body  at  a  point  outside  of  the  sub- 
stance of  the  body,  as  between  the  upper  and  lower  portions  of  the  hook  in 
Fig.  3,  yet  this  portion  also  of  the  line  a  &  is  a  i>art  of  the  line  of  action  of  the 
force.  The  vertical  force,  exerted  by  the  weight,  P,  is  transmitted  to  &  by 
means  of  bending  moments  in  the  bent  portion  of  the  hook. 

13.  Stress.  (See  Art.  h  Strength  of  ilaterials,  p.  454.)  Opposing 
forces,  applied  to  a  body  by  contact  (see  Art.  5  c,  p.  332).  cause  stress,  or  the 
exertion  of  intermoleeular  force,  within  it,  or  between  its  particles,  tending 
to  pull  them  apart  (tension)  or  to  press  them  closer  together  (compression). 
The  stress,  due  to  two  equal  opposing  forces,  is  equal  to  one  of  them. 

Tension  and  Compression.  Ties,  Struts,  etc.  If  the  action  of 
the  forces  tends  to  pull  farther  apart  the  particles  of  the  body  upon  which 
they  act,  the  stress  is  called  a  tension  or  pull,  or  a  tensile  stress.  If  it 
tends  to  press  them  closer  together,  the  stress  is  called  a  pressure,  com- 
pression or  pui^  or  a  compressive  stress.  A  long  slender  piece  sustaining 
tension  b  called  a  tie.  Cme  sustaining  compression  is  called  a  strut  or 
|K>8t.  One  capable  of  sustaining  either  tension  or  compression  is  oaUed  a 
tie-strut  or  strut-tie. 
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MOMENTS. 

13.  Moments.  If,  from  any  point,  o,  or  o'.  Fig.  4,  a  Hoe,  o  e  or  o' «,  be 
drawn  normally  to  the  line  of  action,  nm,  of  a  force.  Pi,  whether  the  point,  • 
or  o\  be  within  or  outside  of  the  body  upon  which  the  force.  Pi,  is-acting.  said 
line,  o  e  or  </  «,  is  called  the  arm  or  leTerage  of  the  force  about  such  point; 
and  if  the  amount  of  the  force,  in  lbs.,  etc.,  be  multiplied  by  the  length  of  the 
arm,  in  ft.,  etc.,  then  the  product,  in  ft  .-lbs.,  etc.,  »  called  the  moment  of 
the  force  about  that  point.*  The  moment  represents  the  total  tendency  of 
the  force  to  produce  rotation  about  the  given  point.  A  force  has  evidently 
no  moment  about  any  point  in  its  line  of  action. 

14.  Sense  of  Moments.  Since  the  moment  of  Pi  about  0,  Fig.  4, 
tends  to  cause  rotation  (about  that  point)  in  the  direction  of  the  motion  of 
the  hands  of  a  clock,  as  we  loolc  at  the  clock  and  at  the  figure,  or  from  left  to 
right,  as  indicated  by  the  arrow  on  the  circle  around  o,  it  is  called  a  clock* 
irise  or  rlght*hand  moment;  but  the  moment  of  the  same  force  about  <f 
tends  to  produce  rotation  from  right  to  left.  Hence  it  is  called  a  counter- 
clockwise or  left-hand  moment,  as  is  also  that  of  P|  about  o.  Right- 
hand  or  clockwise  moments  are  conventionally  considered  as  posltivct 
or  -f ,  and  left-hand  or  countei^ockwise  moments  as  necatiye,  or  — . 

15.  The  plane  of  a  moment  is  that  plane  in  which  lie  both  the  line 
of  action  and  the  arm  of  the  force. 

16.  The  resultant  or  combined  tendenov  of  two  or  more  moments  in 
the  same  plane  is  equal  to  the  algebraic  sum  or  the  sevend  moments.  Thus, 
Fig.  4,  if  the  forces.  Pi,  P»  and  P»  are  respectively  6.  5.  and  3  lbs.,  and  if 
the  arms,  ocoy,  and  o  e,  of  their  moments  about  o  are  respectively  7,  t,  and 
8  ft.,  we  have 

Pi .  o  c  —  P* .  o  y  +  Pj  .  o  « 
-6X7— 6X  6  +  3X3 
-42—30        +        9-21  ft.-lbs. 


Fiif. 

17.  If  the  algebraic  sum  of  the  moments  is  sero.  they  are  in  equilibrium 
and  tend  to  cause  no  rotation  of  the  body  about  the  given  point. 

Thus,  in  Fig.  6,  where  W  is  the  weight,  and  Q  the  oenter  of  ij^ravity  of  the 
body,  and  R  the  upward  reaction  of  the  left  support,  a.  takmg  moments      ' 
about  the  right  support,  6,  we  have  R  / — W  x  —  sero;  or  R  i  —  W  x.  Hence,      1 

W  X  I 

having  W,  x  and  Z,  to  find  R,  wo  have  R  —  - ,-.  I 

Similarly,  in  Fig.  6,  where  W  —  weight  of  beam  alone,  and  g,  the  center  of      ! 
gravity  of  W,  is  at  the  center  of  the  span  A  so  that  the  leverage  6  a  of  the 

weight  of  the  beam  about  b,  is  —  --,  wa  take  moments  about  b,  thus: 

Rl  +  O  o  —  W-  -  —  Mm  —  N  n   -   sero;  or 

^                         I 
Mm  +  Nn  +  W-s^  —  Oo 
R-   ? • 

*Note  that  a  very  small  force  may  have  a  great  moment  about  a  point, 
while  a  much  greater  force,  passing  nearer  to  the  same  point,  may  have  m 
■nuUler  moment  about  it ;  or,  pasning  through  the  point,  iu>  moment  at  all. 
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In  Fig.  7,  where  W  la  ths  weight  of  the  beam  itself,  and  w  its  levence,  tak* 
inc  mcmenta  about  b,  we  have 


+  R(  +  Oo- 


Henee, 


Reaction  at  a  —  R  ■■ 


Nn  — Ww  +  Mm  — 0; 

Ww  +  Nn  —  Mm  —  O  o 
I  • 

In  any  case,  if  W  be  the  combined  weight  and  Q  the  common  center  of 
gravity,  of  the  beam  and  its  several  loads,  and  x  the  horisontal  distance  of 
that  center  from  the  right  support,  h;  and  if  2  be  the  span,  R  the  reaction  of 
the  left  support^  a,  and  R'  that  of  the  right  support,  b,  we  have 

Wx 

I 


R  - 


and  R'  -  W  —  R. 


Ifx-1  RSa-^-R'. 


Fig.  7. 

Note  that  the  moments  of  two  or  more  forces,  about  a  given  points- 
may  be  in  equilibrium,  while  the  forces  themselves  are  not  in  equilibrium. 
See  II  84.  below. 

18.  Center  of  Moments*  8o  far  as  concerns  equilibrium  of  momenta, 
it  is  immaterial  what  point  is  selected  as  a  center  of  moments;  but  it  is  gen- 
erallv  convenient  to  take  the  center  of  moments  in  the  line  of  action  of 
one  (or  more,  if  there  be  concurrent  forces,  see  K  19)  of  the  unknown  forces. 
for  we  thus  eliminate  that  force  or  those  forces  from  the  equation. 

CLA8SIFICATIOK  OF  FORCES. 

19.  Classlflcation  of  Forces.  Concurrent,  Collnear,  Coplanar. 
and  Parallel  Forces.    Forcea  are  called  concurrent  when  their  lines  of 


Flff.  8. 


Fig.  9. 


action  meet  at  one  point,  as  a,  &,  c,  d,  e  and  /.  or  /  and  o^  Fig.  8 :  non-concur- 
rent when  they  do  not  so  meet,  as  c  and  o\  oolinear  when  their  Imes  of  action 
toinctde^  as  a  and  6,  or  c  and  a;  non-colinear  when  they  do  not  coincide,  as 
6  and  /;  ooplanar  when  their  lines  of  action  lie  in  one  plane,*  as  a,  6,  c,  d  and 
e.  or  fr,  /  and  g^  etc. ;  non-eoplanar,  as  c  and  g,orhjf  and  d,  when  they  do  not 
lie  in  one  plane;  parallel  when  their  lines  of  action  are  parallel,  as  h  and  o\ 
non-parallel  when  those  lines  are  not  paraUel,  as  6  and  /. 


*Acting  lipon  a  plane,  as  in  Fig.  9,  must  not  be  confounded  with^acting  in 
that  plane,  as  in  Figs.  70,  etc  'Q '^^^^  byV^UOy . 
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Any  two  pamlld  forces  must  be  oopbmar.  Three  or  mora  parallel  foraet 
ipay  or  may  not  be  coplanar.  Any  two  concurrent  foroee  mutt  be  ooplanar. 
Three  or  more  concurrent  forces  noay  or  may  not  be  ooplanar.  Any  two 
eoplanar  forces  must  be  either  parallel  or  concurrent. 


COMPOSITION  AND  RESOLUTION  OF  FORCES. 


_.io(6: _._ 

sure,  G,  —  10  +  W,  is  the  resultant  of  the  downward  pressures  v  and  W; 
and,  in  Fiis.  11  (6).  a  downward  pressure.  —  W  —  tv.  is  the  resultant  of  the 
downward  pressure  W  and  the  upward  pull  v  of  the  left-hand  string.* 

21.  Component.  Any  two  or  more  forces  which,  together,  produce^ 
upon  a  body  considered  as  a  whole,  the  same  effect  as  one  given  force,  are 
called  the  componejits  of  that  force,  which  thus  becomes  their  resultant. 
Thus,  In  Fig.  10  (6).  w  and  W  are  the  components  of  the  total  force,  G,  -• 
ir  +  W.    In  Fig.  11(6),  +  W(-  6)  and  10  (-  — 3)  are  the  components  of  Q« 

22*  If  we  take  into  account  the  resultant  of  any  given  forces,  those  forces 
(components)  themselves  must  of  course  be  left  out  of  account,  as  regards 
their  action  upon  the  body  as  a  whole:  although  we  may  still  have  to  oon« 
aider  their  effect  upon  its  particles.  Vice  versa,  if  the  forces  (components) 
are  considered,  their  resultant  must  be  neglected. 


PflV.lO. 
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33«  Anti-resultant.  The  anti-resultant  of  one  or  more  forces  is  a  slnicto 
force  which,  acting  upon  any  body  or  system  of  bodies  considered  as  a  whole, 
produces  an  effect  eoual,  but  opposite,  to  that  of  their  resultant.  In  other 
words,  the  anti-resultant  is  the  force  reauired  to  hold  the  i^ven  force  or 
forces  in  equilibrium.  Thus,  in  Fig.  10  (0),  the  upward  reaction.  G,  of  the 
ground,  is  the  anti-resultant  of  the  two  downward  forces,  w  and  W ;  and  the 
downward  resultant,  W  +  li^.  of  W  and  ir.  is  the  anti-resultant  of  Q.  In 
Fig.  11  (6),  G  (upward)  is  the  anti-resultant  of  W  (downward)  and  ir  (acting 
upward  through  the  left-hand  string).  Similarly,  this  upward  pull  of  w  as 
the  anti-resultant  of  W  and  G. 

24.  In  any  system  of  balanced  forces  (forces  in  equilibrium),  any  one  of 
the  forces  is  the  anti-resultant  of  all  the  rest;  and  any  two  or  more  of  them 
have,  for  their  resultant,  the  anti-resultant  of  all  the  rest.  In  such  a  system, 
the  resultant  (and  the  anti-resultant)  of  all  the  (balanced)  forces  is  tero. 

25.  Anti-component.  The  anti-components  of  a  given  force,  or  of  a 
given  system  of  forces,  are  any  two  or  more  forces  whose  resultant  is  the  anti- 
resultant  of  the  given  force  or  of  the  given  system  of  forces. 

26.  Composition  and  Resolution  of  Forces,  llie  operation  of 
finding  the  resultant  of  any  given  system  of  forces  is  oUled  the  composition  of 
forces ;  while  the  t  of  finding  any  desired  components  of  a  given  force  is  called 
the  resolution  of  the  force. 


*  For  convenience,  we  here  reverse  the  eonventi* 

L)igitized  by 
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CoUnear  Forces. 

JB7.  let  the  ^ertioU  line,  tr,  Fi«  10  (6),  represent,  by  any  convenient 
■eale.  the  weight  of  the  upper  stone  m  Fi«.  10  (a),  and  W  that  of  the  lower 
stone.  Then,  w  +  W,  -  G,  -  the  combined  length  of  the  two  lines,  gives, 
by  the  same  scale,  the  combined  weight  of  the  two  stones,  and  a  vertioal  line 
G,  coincident  with  them,  equal  to  their  sum,  and  pointing  upward*  would 


their  antl-««sultant»  or  the  reaction  of  the  grouxiZ 


(O) 


(b) 


1A99  10    lO    10 

Totalis   IM  IM 


W 


1AM 


10   lO  10 

^  J  A 

19   19  1» 
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;  If,  al  each  panel  point  of  the  lower  chord  In  the  bridge 
'  '     fe  have  2  tons  dea<'  '      •''--'•^••»- 
load  (tiahi,  vehicle 


trass  in  Fig.  12  (a),  we  have  2  tons  dead  load  (weight  of  bridge  and  floor, 
etc*)  and  10  tons  bve  load  (tiahi,  vehicles,  cattle,  passengers,  etc.),  the  com* 
bined  length  of  t  he  two  lines  in  Fig.  12  (6),  L  -  10,  and  D  -  2,  gives  the  tota: 


panel  load  of  12  tons. 

29.  In  Fig.  11  the  pressuxe,  5  lbs.,  of  W  upon  the  ground,  b  diminished  by 
the  3  lbs.  upward  pull  of  the  cord,  transmitted  from  the  smaller  weight  w. 
leaving  2  Ibe.  upward  pressure  to  be  exerted  by  the  ground  in  order  to  main- 
tain equilibrium.  The  upward  reaction,  R,  of  the  pulley  is  -•  w  +  IV  —  G 
-3  +  5  —  2  -6.    This  is  represented  graphically  in  Fig.  11  (c). 

aO.  In  the  truss  shown  fai  Fig.  12  (o),  the  total  dead  and  live  load  is  -  0 
X  12  *"  72  tons,  and  half  this  total  load,  or  36  tons,  rests  upon  each  abut- 
ment. Hence,  to  preserve  equilibrium,  each  abutment  must  exert  an  up* 
ward  reaction  of  36  tons:  but,  in  order  to  ascertain  how  much  of  these  36 
tone  m  trwumiiUd  Ihreuffk  the  endr^po&t,  a  «^  we  must  deduct  from  it  the  12 
tons  which  we  assume  to  be  originally  concentrated,  as  dead  and  live  load, 
at  the  panel  jsoint  a;  for  this  portioa  is  evidently  not  transmitted  through 


o  c  Accordingly,  in  Fig.  12  (c),  we  draw  R  upward,  and  equal  by  scale  to 
36  tons:  and,  m>m  its  upper  end,  draw  p  downward  and  —  12  tons.  The 
remainder  ofR,  '•R  —  p  —  36—  12 -"24  tons,  's  then  the  pressure  trans- 
mitted through  a  e, 

91.  Golinear  forees  are  called  similar  when  they  are  of  like  sense,  and 
opposite  when  of  oppoeite  sense.  The  same  distinction  applies  to  result* 
ants. 


o    c 


d       e 
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82.  For  eqmubrlum.  under  the  aetlon  of  colln  ear  forces,  it  is, 

of  conrse,  necessary  that  the  sum  of  the  forces  acting  in  one  sense  be  equal  to 
the  sum  of  thoee  acting  In  the  oppoeit«  sense,  or,  in  other  words,  that  the 
algebraic  sum  of  all  the  forces  be  aero.  Thus,  in  Fig.  13.  if  the  forces  are  in 
equilibrium,  the  sum,  6  a  +  a  e,  of  the  two  right-handed  forces  must  be 
e(]ual  to  the  sum,  s  d  +  de  +  co.  ofthe  three  left-handed  forces.  Or,  con- 
Bidermg  the  right-handed  forces,  6  a  and  a  o,  as  positive,  and  the  left-handed 
f oroeflL  ed^de  and  c  e.  as  negative,  as  in  1  10,  we  have,  as  the  condition  of 
equiubnum  of  coimear  forces: 

ha  -^-ao  —  oc  —  ed  —  de*"0. 

*The  dead  load  Is,  of  eourae,  never  actually  concentrated  upon  one  chord, 
■s  here  Indicated;  but  it  is  often  assumed,  for  convenience,  that  it  is  as 
sonoentrated. 
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In  other  words,  the  algebraic  sum  of  all  the  forces  must  be  xert>;  oi,  mora 
briefly, 

S  forces  -•  0, 

where  the  Greek  letter  2  (sigma).  or  sign  of  summation,  is  to  be  read  "The 
sum  of — ." 

33.  Two  equal  and  opposite  forces,  acting  upon  a  body,  are  com- 
monly  said  to  keep  it  at  rest;  out,  strictly  speaking,  they  merely  prevent  each 
other  from  moving  the  body,  and  thus  permit  it  to  remain  at  rest^  so  far  as 
they  are  concerned;  for  they  cannot  keep  it  at  rest  against  the  action  of  any 
thim  force,  however  slight  and  in  whatever  direction  it  may  act;  and  the 
body  itself  has  no  tendency  to  move. 

34.  Unequal  Opposite  Forces.  If  two  opposite  forces,  acting  upon 
a  body,  are  unequal,  the  smaller  one,  and  an  equal  portion  of  the  greater 
one,  act  against  each  other,  producing  no  effect  upon  the  body  as  a  whole; 
while  the  remainder,  the  resmtant,  moves  the  body  in  its  own  direction. 


Concurrent  Coplanar  Forces.    The  Force  ParalleloKram. 

35.  Composition.  Let  the  two  lines,  ao.bo.  in  any  of  the  diagrams  of 
Fig.  14,  represent,  in  magnitude,  direction  and  sense,  concurrent  forces 
whose  luies of  action  meet  at  the  point  o.  Then,  in  the  parallelogram,  acbo, 
formed  upon  the  lines  a  o^  b  o,  the  resultant  of  those  two  forces  is  reprer 
aented,  in  magnitude  and  in  direction,  by  that  diagonal.  R.  which  passes 
through  the  point,  o,  cc  concurrence.  The  parallelogram,  a  c  6  o,  is  called  a 
force   parallelogram. 


) 
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36.  Resolution.  Conversely,  to  find  the  components  of  a  given  force, 
o  c.  Fig.  14,  when  it  is  resolved  in  any  two  given  directions,  oa,obt  draw  the 
lines,  o  a\  o  6',  in  those  directions  and  of  mdefinite  length,  and  upon  thess 
lines,  with  the  diagonal  R  —  o  cl  construct  the  force  parallelogram  a  e  b  o. 
The  sides,  o  a,  o  b,  of  the  parallelogram  then  represent  the  required  compo- 
nents in  amount  and  in  direction. 

37.  Caution.  The  two  forces,  a  o  and  b  o.  Fig.  14,  may  act  either  toward 
or  from  the  point  o;  or,  in  other  words^  they  may  act  either  as  pulls  or  as 
pushes;  but  the  lines  representing  them  in  the  parallelogram,  and  meeting  at 
the  point,  o,  must  be  drawn,  either  both  as  pushes  or  both  as  pulls;  and  the 
resultant.  R,  as  represented  by  the  diagonal  of  the  parallelogram,  will  be  a 
pull  or  a  push,  according  as  the  two  forces  are  represented  as  pulls  or  as 
pushes. 

38.  Thus,  in  Fig.  15  (a),  the  inclined  end-poet  of  the  truss  pushes  obliouely 
downward  toward  o,  with  a  force  represented  by  a'  o,  while  the  lower  chord 
pulls  away  from  o,  toward  the  ri^ht,  with  a  force  represented  by  o  &'.  If. 
now,  we  were  to  construct,  in  Fig.  15  (a),  the  parallelogram  o  a'  tf  b',  we 
should  obtain  the  diagonal  oc'  or  c'  o,  which  does  not  represent  the  true  re- 
sultant. In  fact,  as  one  of  the  two  forces  acts  toward,  and  the  other  from, 
the  point,  o,  we  could  not  tell  (even  if  R'  were  the  direction  of  the  resultant) 
in  which  tense  its  arrow  should  point. 

We  must  fitst  either  suppose  the  push,  a'  o,  in  the  end-poet,  toward  o,  to  be 
earned  on  beyond  o,  so  as  to  act  as  a  pull,  o  a.  Fig.  15  (b)  (of  course,  in  th« 
■uune  direction  and  sense  as  before),  thus  treating  both  forces  aa  pulls;  oi 
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ctoe  we  must  axnilariy  rappose  the  pull»  o  6',  in  the  chord,  to  be  tntnsformed 
into  the  push,  b  o,  of  Fig.  15  (c),  thus  treating  both  forces  as  pushes.  In 
either  case  we  obtain  the  true  resultant,  R  (—  a'  6',  Fig.  15  a),  which,  in  this 
case,  represents  the  vertical  downward  pressure  of  the  end  of  the  truss  upon 
the  «ibutment. 


Flff.  15. 

Caution.  The  tensile  force,  exerted  at  the  end  of  a  flexible  tie,  neces- 
sarily acts  in  the  line  of  the  tie;  but,  in  general,  the  pressure,  exerted  at 
the  end  of  a  strut,  acts  in  the  line  of  the  axis  of  the  strut  only  when  all 
the  forces  producing  it  are  applied  at  the  other  end  of  the  strut.  Thus, 
in  Fig.  15  (d),  the  components,  R  and  H,  of  the  weight,  W,  do  not  coin- 
cide with  the  axis  of  the  beam  which  supports  the  Toad;  but  in  Fig.  15 
(«),  where  the  weight  acts  at  the  intersection  of  the  two  struts,  its  com- 
ponents, R  and  H,  do  coincide  with  the  axes  of  the  struts.  8ee  also  Figs. 
143  and  145  (6). 

Ct9.  DemoDstratlon.  The  rational  demonstration  of  the  principle  of 
the  force  parallelogram  is  given  in  treatises  on  Mechanics  (See  Bibliog* 
raphy.)  It  may  be  established  experimentally  as  indir^ted  in  Fig.  16, 
where  e  o  represents  bv  scale  the  pull  shown  by  the  spring  balance  C,  while 
0  a  and  o  b  represent  those  shown  by  A  and  B  respectively. 


Wig.  16. 

40.  Equations  for  Components  and  Resultant.  Given  the 
amounts  of  the  forces,  a  and  c,  or  of  the  resultant,  R,  and  the  angles  formed 
between  them.  Fig.  17  (a),  we  have*: 


♦  See  dotted  lines.  Fis:.  17  (a),  noting  that  cf  '^n^%Siy'^^(^^  0  -  R.  sin 
a.  ain  (x  4-  ]/)  "-  R.  am  y.  o 


r,  and 
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sin  X 

c-R 


anjxj-y) 

a ; 

8in  V 
ainx 
sin  (x  +  1/)  * 


.  /  o»  +  c«  +  2  a  c  cofl  (x  +  y). 


a-R^ 


ain  y 


sin  (x  -H  y)' 


<f  the  asgle  between  the  two  forces  is  00^  Fig.  17  (6),  these  fonnulas  b» 
Dome: 

R  _  _« «  . 

cos  1/       cos  X 
c  —  R  cos  y;    a  —  R  cos  s. 
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41.  Position    and    Sense    of    Resultant.    Figs.   18.    If  the  lines 

representing  the  components  be  drawn  in  accordance  with  IfK  37  and  3S, 
and  if  a  straight  line,  m  n  or  m'  n',  be  drawn  through  the  point,  o.  of  concur* 
rence,  in  such  a  way  that  both  forces  are  on  one  side  of  that  line,  then  the  line 
representing  the  resultant  will  be  found  upon  the  same  side  of  that  line  with 
the  components,  and  between  them :  and  it  will  act  toward  the  line,  m  n  cr 
m'  n',  if  the  components  act  toward  it,  and  vice  versa.  The  resultant  is 
neoessarUy  in  the  same  plane  with  its  two  components. 


v/' 


FiflT-  18- 
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42.  If  one  of  the  components  is  colinear  with  the  force,  it  is  the  force  itself. 
and  the  other  component  is  aero.  In  other  words,  a  force  cannot  be  resolved 
into  two  non-col inear  components,  one  of  which  is  in  the  line  of  action  of  the 
force.  Thus  the  ro|ie,  o  c.  Fig.  19,  may  receive  assistance  from  two  ad> 
ditional  ropes,  pulling  in  the  directions  a  e,  and  cb;  for  the  resultant  of  their 

{mils  may  coincide  with  o  c;  but,  so  long  as  o  e  remains  vertical,  no  9ingU 
orce,  as  c  a  or  c  6,  can  relieve  it,  unless  acting  in  its  own  direction  e  o. 

43.  In  Fig.  20,  the  load,  P,  placed  at  C,  is  suspended  entirely  by  the  verti- 
cal member  B  C,  and  exerts  directly  no  pull  along  the  horizontal  member, 
C  £.  Neither  does  a  pull  in  the  latter  exert  any  effect  upon  the  force  acting 
in  B  C,  so  long  as  B  C  remains  vertical.  But  the  tension  in  B  C,  acting 
at  B,  does  exert  a  thrust  o  a  along  B  D,  although  that  member  is  at  right 
angles  to  B  C;  for  B  C  meets  there  also  the  inclined  member  A  B;  and 
the  tension  o  d  is  thus  resolved  into  o  a  and  o  b,  along  B  D  and  B  A 
respectively.  The  horisontai  thrust,  o  a,  in  B  D,  is  really  the  anti-resultant 
of  the  honsontal  component,  d  b,  or  the  oblique  thrust  in  the  end-^ost  R  A 
at  its  head,  B.  which  thrust  is  — the  pull  in  A  £,  due  to  P. 


FOKCB  TBIAKOLE. 
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44.  In  Fig.  21,  the  tension,  o  e,  in  the  inclined  tie,  D  G,  ia  lesolired.  at  D, 
Into  o  a  and  o  b,  acting  at  right  ancles  to  each  other  along  D  F  and  D  £  re- 
spectively. 

45.  A  resultant  may  be  either  greater  or  less  than  either  one  of  its  two 
oblique  components,  but  it  is  always  less  than  their  sum.  If  the  components 
are  equal,  and  if  the  angle  between  them  ■»  120°,  the  resultant  is  eoual  to  one 
of  them.  Therefore  the  same  weight  which  would  break  a  single  vertical 
rope  or  poet,  would  break  two  such  ropes  or  poets,  each  inclined  60^  to  the 
verticaL 


Fiv.  3e. 


The  Force  Triangle. 

46.  The  Force  Triangle.  Inasmuch  as  the  two  triangles,  into  which  a 
parallelogram  is  divided  by  its  diagonal,  are  similar  and  equal,  it  is  suffi- 
cient to  draw  either  one  of  these  triangles^  a  oc  or  hoc,  Figs.  14,  16,  18,  in- 
stead of  the  entire  parallelogram. 

47.  If  three  concurrent  ooplanar  forces  are  in  equilibrium,  the  lines  rep- 
resenting them  form  a  triangle;  and  the  arrows,  indicating  their  senses, 
follow  each  other  around  the  triangle.  Thus,  in  Fi^;.  22  (a),  we  have,  acting 
at  o  and  balancing  each  other  there,  three  forces:  vu.,  (1}  the  vertical  down- 
ward force  0  e  of  the  weight,  acting  as  a  pull  through  tne  rope  o  c,  (2)  the 
horisontal  thrust  a  o  through  the  oeam  a  o,  and  (3)  the  upward  inclined 
thrust  6  o  of  the  strut  o  &,  all  acting  in  the  senses  (o  c^a  o,b  o)  in  which  the 
letters  are  taken,  and  as  indicated  by  the  arrows. 

48.  Each  of  the  forces  in  Fig.  22  (b)  and  (c)  is  the  anti-resultant  of  the 
oUier  two  in  the  ssme  triangle;  and,  if  its  sense  be  reversed,  it  becomes  their 
resultant.    Thus,  o  e.  Fig.  22  (b),  is  the  anti-resultant,  and  e  o  the  resultant, 


of  c  a  and  a  o;  and  o  e.  Fig.  22  (e),  is  the  anti-resultant,  and  c  a  the  resultant 
of  c  6  and  bo,eb  being  parallel  to  a  o.  Fig  (6).  and  representing  the  thrust 
exerted  by  the  horisontal  beam  against  the  joint  o.  Fig.  (a).* 


m  (c) 


(d) 


(e) 


ny.  99. 


( 


•Fig.  22  (d)  and  (e),  representing  the  same  two  forces,  a  o,  b  o,  of  Fig. 
22  (a),  show  the  erroneous  resultant  (a  b)  obtained  if  the  lines  are  drawn 
with  their  arrows  pointing  both  toward  or  both  from  the  meeting-point  of  the 
lines.  See  Yf  87,  38.  A  eomparison  of  any  force  parallelogram,  as  that 
in  Fig.  18,  with  either  of  the  two  force  triangles  composing  it,  will  show 
that  thisi  while  apparently  contradicting  KIT  87  and  38,  is  merely  another 
statement  of  the  same  fact.  The  apparent  contradiction  is  due  to  the 
fact  that,  in  the  force  triangle,  the  lines  representing  the  forces  do  not 
meet  at  the  point,  o,  of  concurrence  of  the  forces^        by  LjOOQIC 


368 


8TATIC8. 


49.  ConT^nelsr,  if  the  three  sides  of  a  trumsle  be  taken  as  rvtpresentins. 
in  dizection  and  in  amount,  three  concurrent  forces  whose  senses  are  such 
that  arrows,  representing  them  and  affixed  to  their  respective  sides  in  the 
triangle,  follow  each  other  around  it,  then  those  forces  are  in  equilibrium. 

50*  The  three  forces*  Fig.  23.  are  oroportional,  respectively,  to  the 
-  ■    ■  Thus: 


sines  of  their  opposite  angles. 


Force  a  :  force  h  :  force  c 
—  Sin  A  :  sin  B  :  sin  C.      Flfr*  O* 


51«  Example.    In  Fig.  24,  the  half  arch  and  its  spandrel,  acting  aa  a 


single  rigid  bodv,  are  assumed  to  be  held  in  equilibrium  by  their  combined 
weight,  w,  the  horixontal  pressure  h  at  the  crown,  and  the  reaction  R  of  the 
skewback,  which  is  assumed  to  act  through  the  center  of  the  skewback.  In 
the  force  triangle  c  8  t,  c  »,  acting  through  the  center  of  gravity  of  the  half 
arch  and  spandrel,  represents  the  known  weight  W,  and  9  t'la  drawn  hori« 
Bontal.  or  parallel  to  A  .  From  c,  where  K  produced,  meets  the  line  of  ac- 
tion of  W.  draw  c  t  through  the  center  of  tho  skewback.  Then  «  <  and  e  4 
give  us  the  amounts  of  h  and  R  respectively. 


Flff.  S4. 
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52.  Example.  Let  Fig.  25  represent  a  roof  truss,  resting  upon  its  abut- 
ments and  carrjdng  three  loads,  as  shown  bv  the  arrows.  Draw  a  R  ver- 
tically, to  represent  the  proportion  of  the  loads  carried  by  the  left  abut- 
ment, a,  or,  which  is  the  same  thing,  the  vertical  upward  reaction  of  that 
abutment.  Then,  drawing  R  e,  parallel  to  the  chord  member,  a  d,  to  inter- 
sect a  e  in  c,  we  have,  for  the  stresses  in  a  «  and  a  d,  due  to  the  Uiree  1 
Stress  in  a  «  =a  a  e 
"      " ad  —  Ro 


FUr.  26. 

ffd.  While  any  two  or  more  given  forces,  as  o  6  and  b  c.  Fig.  26  (a)  (arrows 
reversed),  or  o  b'  and  6'  c,  or  o  a  and  a  c,  or  o  a'  and  a'  c,  can  have  but  one  re- 
sultant o  e;  a  single  force,  as  o  c,  may  be  resolved  into  two  or  more  concur- 
rent components  in  any  desired  directions.  In  other  words,  there  is  an 
infinite  number  of  possible  systems  of  concurrent  forces  which  have  o  e  foi 
their  resultant.  .  , 

Digitized  by  VjOOglC 


BBCTANGULAB  0OHPONENX8. 


969 


Bectanffulftr  Components. 

54.  Besolntes,  or  B«etsncular  Components.  A  very  common  caae 
of  reaolution  of  forces  is  that  where  a  force,  as  the  pressure,  e  n,  of  the  post. 
Fig.  27,  is  to  be  resolved  into  components  at  risht  angles  to  each  other,  as  are 
the  verticid  and  horizontal  components  ci and  in  in  Fig.  27  (a).  Two  such 
components,  taken  1 
nenta  of  the  force, 
angles  to  e  n;  but  the  j 

changes  in  the  direction  c „ 

preferably  proportioned  as  the  eomponenta,  c  t  and  i  n.  Fig.  27  (a),  respeo- 
tively,  by  similarity  of  triangles,  e  «  6,  e  <  n. 


Flff.  27. 


Flff.  28. 


55.  Example.  In  bridge  and  roof  trusses  it  is  often  required  to  find  the 
vertical  and  noiiaontal  resolutes  of  the  stress  in  an  inclined  member,  or  to 
find  the  stress  brought  upon  an  inclined  member  by  a  given  vertical  or  hori- 
Bontal  stress  applied  at  one  of  its  ends,  in  conjunction  with  another  stress 


>acom- 
^ ,  liong  the  upper  chord  member  U  D*  and  a  compression  C  e  in  the 

EBt  C  c*  Adding  to  C  e  the  load  at  c,  and  representing  their  sum  by  /  c.  we 
ve  tension  /  ^  in  chord  member  c  d,  and  tension  e  ^  in  the  diagonal  B  c. 
Making  B  A  »  e  i/.we  have  y  A,  compression  in  B  C,  and  B  ;.  compression  in 
the  end-post  or  batter  poet  B  A.  But  the  load  at  h  also  sends  to  B,  through 
the  hip  vertical  B  b,  a  load  (tension)  equal  to  itself.  Representing  this  by 
B  k,  we  have  Ikta'ita  component  along  the  chord  member  B  C,  and  B  2  an  its 
component  along  the  end-post  B  A.  Now,  making  Am  —  the  sura  of  B; 
and  B  I,  we  find  the  vertical  resolute  A  n  —  so  much  of  the  vertical  reacvion 
of  the  abutment  as  is  due  to  the  three  loads  only,  and  the  horisontal  reso  .ute 
•in-"  the  corresponding  stress  in  the  chord  member,  A  c. 


Fiff.  29. 


Flgr*  80. 


56.  Example.  Inclined  Plane.  Again,  in  Fig.  29,  let  it  be  required 
to  find  the  two  resolutes  of  P  (the  weight  of  the  ball)  respectively  parallel  and 
peipendicular  to  the  inclined  plane.  The  former  is  the  tendency  of  the  ball 
to  move  down  the  plane,  and  is  called  the  tangential  component.    The 


( 


*The  stress  thus  found  is  not  necessarily  the  total  stress  in  the  member. 
The  compression  in  C  e  (neglecting  its  own  weight  and  that  of  the  top  chord) 
fedueentirely  to  the  tension  C  p  in  G  d,  acting  at  its  top,  and  hence  C  «  xsp. 
resente  the  total  copipression  in  C  c;  but  e  p  is  only  a  portion  of  the  com- 
preesion  sustained  by  C  D ;  for  B  C  also  contributes  its  share  toward  this. 
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latter  is  the  pressure  of  the  ball  against  the  plane,  and  is  called  the  normal 
component. 

Here  we  have  only  to  draw  the  triangle  of  forces  oac^*  drawing  o  c  -*  P  to 
represent  the  weight  of  the  ball,  and  o  a  and  a  c  in  the  required  directiona. 
Then  o  a  and  a  c  give  respectively  the  normal  and  the  tangential  components 
of  the  force,  P.f 

57.  If  we  suppose  the  inclined  plane  g  m.  Fig.  20,  to  be  frictionless.  nnd  if 
the  bod]f  o  is  to  be  prevented  from  sliding  down  the  plane,  by  means  of  a  force 
applied  in  a  direction  parallel  to  the  plane,  that  force  must  be  —  c  a. 

Thus,  in  Fig.  30,  supposing  the  plane  o  m  to  be  frictionleas,  we  hAve  a  c 
—   pressure  against  tne  stop.  «. 

58.  Table  of  normal  and  tangential  components  for  different 
angles  of  inclination: 


Pret.  on 

Tendencqr 

iDoIinaUoD 

orSlop«oftliePInne. 

Plane,  in 

Pre*,  on 

down  the 

Tea^taM^ 

T..M.w4u.U-:=^^ 

parte  of  the 

wt.    Or,  nau 

ooe.  of  angle 

of  PUne. 

Plane,  in  Iba 
per  ton. 

paruof  the 

wu    Or.  nat. 

■ine  of  angle 

of  Plane. 

dovntb^e 

Pl«ne.  in  Be 

per  ton. 

Ten.    Hot. 

Pi.  per  mile. 

Dei .  Mtn. 

1    in       8. 

::«i"  icii 

18      28 

.9487 

2125 

.3162 

W8. 

1    in       4. 

:   ,'iKiiiF 

14        2 

.9702 

2173 

.2425 

643. 

1    Id       S. 

;m,,J..  |^'l 

11      19 

.9806 

2196 

.1962 

49. 

1    in      e. 

^.".S   IHt 

9      28 

.9864 

2210 

.1646 

aea. 

1    in       8. 

l,MMhj 

7        8 

.99X8 

2323 

.1148 

178. 

1      D        9. 

>-  \-a\. 

6      20 

.9939     ' 

2226 

.1101 

M7. 

1    in      10. 

5      43 

.9950 

2229 

J0086 

1    in     ll.i 

li.l   IM 

6      00 

.9962 

2231 

.0879 

!«. 

1    in     12. 

+  |u.'»|i 

4      48 

.9965 

2283 

.0881 

1Mb 

'  1    in     14.S 

■!i.:f  ^.i 

4      00 

.9076 

2232 

UM88 

16a. 

1    in     15. 

I.Il,'  ■».' 

3      49 

.9978 

2238 

.0666 

14ft. 

1    In     19.1 

:7i;  T:i 

8      00 

.9988 

2237 

.0538 

IIT. 

1    In     30. 

■i*i4.Mi) 

2      59 

MSI 

•• 

.0600 

IIS. 

1    in     83.L 

229.04 

2      30 

MSO 

«t 

.0436 

•7.T 

1    in     26. 

211.20 

2      17 

.9992 

2SS8 

.0388 

8i.a 

1    in      28.8 

184.38 

2      00 

.mi 

.0349 

T&S 

1    in     SO. 

178.00 

1      55 

" 

.0S34 

74.t 

1    in     S2.7 

181.47 

1      45 

.9095 

2239 

.0906 

68.4 

1    in     SS. 

150.86 

1      88 

.9906 

.ew5 

C8.S 

I    in     38.2 

138.22 

1      30 

.9997 

2340 

.0361 

6&S 

1    in      40. 

T??fVl 

1      26 

•• 

.0250 

SCO 

1    in     45.8 

11..  rj 

1      15 

•« 

»• 

.0218 

489 

1    in     SO. 

1  r,;,  m 

1        9 

.9096 

•« 

.0101 

«&.• 

1    in     &7J 

\>:  Hi 

1        0 

•• 

•< 

.0176 

a».i 

1    in     60. 

>.^  1HI 

0      57X 

4«W 

•« 

.0167 

37.4 

1    in      70. 

:■,  i'. 

0      49 

u 

.0113 

31.0 

1    in     78.4 

r.-.i  n 

0      45 

•• 

.0131 

1    in      80. 

0      43 

M 

.0126 

28.0 

1    in      90. 

,"<■<  ii.t 

0      38 

•  « 

.0111 

14.9 

1    in    100. 

...  "ii 

0      84 

1.0000 

•  • 

.0100 

11.4 

1    In    114.8 

titi.v; 

0      80 

«« 

.0067 

I9.« 

1    in    12&. 

42.24 

0      27« 

•♦ 

.0080 

17.9 

1    in    190. 

35.20 

0      23 

•• 

.0067 

15.0 

I    in    17ft. 

S0.17 

0      19X 

«• 

.0067 

12.8 

1    In    200. 

28.40 

0      17 

•• 

.0050 

11.1 

1    in    229.2 

23.04 

0      15 

" 

.0044 

9.77 

1    in    250. 

21.12 

0      14 

•  « 

.0041 

9.18 

1    in    800. 

17.60 

0     \\H 

•« 

.0033 

7.88 

I    in    S4S.9 

15.36 

0      10 

•  • 

UMM9 

8.61 

1    in    400. 

13.20 

0      %H 

•• 

.0025 

6.88 

1     In    500. 

10.58 

0        7 

•• 

.0020 

4.48 

1    in    800. 

8.80 

0        6 

" 

.0017 

8.81 

1    in    800. 

8.60 

0        4K 

tt 

.0018 

2.81 

L    in  1000. 

5.28 

0       SH 

•• 

.0010 

f** 

1    in  S4S7. 

1.54 

0        1 

•» 

.0099 

8.« 

Uvnl. 

0.00 

0       0 

" 

.0000 

0.00 

*  Or  o  &  c.     If  both  triangles  are  drawn,  we  have  the  force  parallelogram, 
oaeh. 

tThe  line  a  e  (or  e  a)  is  called  the  projection  of  o  c  upon  the  inclined 
^  and  o  a  (or  a  o)  is  the  projection  of  o  c  upon  a  normal  to  the  inclined 
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50.  BqnaUons.    In  Fig.  2d. 

o  a  —  P  .  cos  e  o  a 
a  c   "-  P  .  8in  c  o  a 
and.  smoe  the  angle  eoa  between  the  vertical  o  e  and  the  normal  component 
o  a  is  equal  to  the  angle  A  of  inclination  between  the  plane  g  m  and  the  hori« 
sontal  gn,w9  have: 

Normal  component.        o  a  —  P .  cos  A. 
Tangential  oomponent,  ac  —  P  .  sin  A. 

00.  When  a  force  is  resolved  into  rectangular  components,  as  in  Figs.  20 
and  ^,  each  of  th^  components  represents  the  total  effort  or  tendency  which 
thai  force  alone  can  exert  in  that  direction. 


Wig.  SI. 

Thus,  in  Fig.  31.  the  utmost  force  which  the  weight  o  e  alone  can  exert 
perpendiculoriy  againet  the  plane  is  that  represented  by  the  component  o  a. 
True,  if.  in  order  to  prevent  the  body  from  sliding  down  the  plane,  we  apply 
a  force  in  some  other  direction,  such  as  the  horisontal  one,  h  a,  instead  ot  the 
tangential  one  b  o,  and  find  the  components  of  o  e  in  the  directions  h  o  and  o  a, 
we  shall  find  the  normal  component  o  d  greater  than  before;  but  the  increase 
a  d  is  due  entirely  to  the  normal  component,  h  h,  of  the  horisontal  force  h  o. 
Thus,  the  only  effect  upon  the  body  o,  and  upon  the  plane,  of  substituting 
A  o  for  (  o,  is  to  add  the  normal  component,  h  6,  of  the  former,  to  that  (o  a) 
doe. 

Stress  Components. 

61.  Stress  Components.  In  Fig.  82.  let  a  o  and  b  o  be  any  two  forces, 
and  e  o  their  resultant.  From  a  and  0  draw  a  a'  and  b  b'  at  right  angles  to 
the  diagonal  o  c  of  the  force  parallelogram  a  o  b  c^  and  construct  the  sub- 
[mrallelogramfl  f  rectangles)  ,oa'a  a"  and  ol/bV\  Each  of  the  original  com* 
ponents,  o  a,  oo,  ia  thus  resolved  into  two  sub-components,  perpendicular  to 
each  other,  one  of  which  is  perpNsndicular  also  to  the  resultant,  o  c.  while  the 
other  coincides  with  o  c  in  position  and  in  sense.  Now,  perpendiculars,  let 
fall  from  the  opposite  angles  of  a  parallelogram  upon  its  diagonal,  are  equaL 


.,    (6) 


( 


wim.vL 

Hence  the  two  ec^inear  forees,  o  a"  and  o  h'\  acting  upon  the  body  at  o,  are 
equal  and  opposite  (although  the  linesj  a'  a  and  Vb^  representing  them,  are 
not  opposite).  Hence  idso  they  are  m  equilibrium,  and  their  only  effect 
upon  Uie  body  is  a  stress  of  eompression  in  Fig.  32  (a),  and  of  tension 
in  Fig.  32  (b).  Tbey  may  therefore  be  called  the  stress  components.  The 
other  two  sub-eomponents  {p  of  of  o  a,  and  o  6'  of  o  6)  combine  to  form  the 
resultant  o  e,  wfakli  is  equal  to  their  sum,  and  which  tends  to  move  the  body 
« in iU own  direction.  ,     r\r\n\o 
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62.  The  two  great  forces,  ca,ob,  in  Fig.  33  <b)  have  the  aame  resultant, 
or,  =-  o  c'.  as  the  two  small  forces,  oaf  o  I/,  in  Fig.  33  (a),  although  their 
B tress  components,  a"  a,  •-  fr"  6,  are  much  greater. 

63*  It  often  happens  that  one  of  the  components  is  itself  normal  to  the 
rf'^ultant.  Thus,  m  Fig.  22,  where  o  c  is  vertical,  its  component,  o  a,  is  hori- 
sontal,  and  the  perpendicular,  let  fall  from  a  upon  o  c,  represents  its  hori- 
Kontal  anti-component,  a  o.  Here  the  horixontal  and  the  inclined  beam 
BiiHtain  equal  horisontal  pressures;  but  the  vertical  pressure,  o  c,  —  the 
^  eight,  W,  is  borne  entirely  by  the  inclined  beam. 


Flff.  88. 


Fiff.  84. 


64.  When,  as  in  Fig.  34,  the  resultant,  o  e,  forms,  with  one  of  the  original 
cocnponents.  o  a  and o  6,  an  angle,  aoc,  greater  than  90°,  the  perpendiculars, 
a  >i\  b  b\  from  a  and  6,  must  be  let  fall  upon  the  line  of  the  resultant  produced. 
ll>.'r«,  however,  as  before,  the  two  equal  and  opposite  sub-components,  o  a" 
ami  Q  V\  are  in  equilibrium  at  o,  while  the  other  two  sub-components,  o  h'  and 
o  a',  go  to  make  up  the  resultant  o  c;  which,  however  (since  o  6'  and  o  a'  here 
ni-t  m  opposite  senses)  is  equal  to  their  difference,  and  not  to  their  sum,  as  in 
Vm.  32. 

Fig.  34  shows  that  a  dmontpard  force,  o  c,  may  be  so  resolved  that  one  of  its 
ct>mponents  is  an  upioard  force,  o  a,  greater  thjui  the  original  dovmward  force, 
and  that  the  pressure,  o  6,  has  a  component,  o  6'  or  V  6,  parallel  to  o  c,  and 
greater  than  o  c  itself;  for  5"  6  —  of  ^  o  c  -{■  e  f. 

Applied  and  Imparted  Forces. 

05.  Applied  and  Imparted  Forces*  In  Fig.  29,  the  ball  is  free  to 
roLl  down  the  inclined  plane.  Hence,  although  the  entire  weight  P  of  the 
blU  is  applied  to  the  body  g  mn,  only  the  normal  component  o  a  is  imparted 
to  it  or  exerts  any  pressure  upon  it,  and  this  pressure  is  in  the  direction  o  a. 

But  in  Fig.  30.  the  body  g  mn  receives  and  resists  not  only  the  normal 
c^'^mponent  o  a,  but  also  ([by  means  of  the  stop  «)  the  tangentwl  component 
t>  h:  nnd  the  entire  force  P,  or  o  c,  is  thus  imparted  to  the  body  g  mn,  press- 
in  i;  it  in  the  direction  o  c. 

Composition    and  Resolution  of   Concurrent    Forces  by  Means 
of  Co-ordinates. 

eo.  In  Fig.  35  (a)  let  the  three  coplanar  forces  E,  F  and  G  act  through 
tha  point  x.  Draw  two  lines,  H  H,  and  V  V.  Fig.  35  (6),  crossing  each 
other  at  right  angles,  as  at  o.*  These  lines  are  called  rectangular  co-ordin- 
aioa.  From  o,  draw  lines  E  o,  F  o.  G  o.  parallel  to  E  x,  F  x,  Gx,  Fig.  35  (a), 
and  equal  respectively  to  the  forces  E,  F,  and  G  by  any  convenient  scale.  Re- 
hulve  each  of  these  forces.  Fig.  35  (6),  into  two  components,  parallel  to  H  H 
and  V  V  respectively.  Thus,  E  o  is  resolved  into  t  o  and  n  o,  F  o  into  u  o 
aud  «  o.  Go  into  t  o  and  m  o.  Then,  summing  up  the  resolutes,  we  have: 
Sum  of  horizontal  resolutes  —  u  o  —  to  —  to  —  —  «o,  and 
Sum  of  vertical      resolutes  —  no  +  e  o  —  mo  ''  ao; 


*It  is  on\y  for  convenience  that  the  co-ordinates  are  usually  drawn  (as  in 
Fig.  35)  at  right  angles.  They  may  be  drawn  at  any  other  angle  (see  Fig. 
36) ;  but,  in  any  case,  the  forces  must  of  course  be  reeolved  into  components 
pariUlel  to  the  co-ordinaUa,  whatever  the  directions  of  those  co-ordinates  may 
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and  —  «  o  and  a  o  are  the  resolutes  of  the  roraltant,  R,  of  the  three  forces,  E, 
FandG. 

67.  When  a  system  of  (concurrent)  forces  is  in  equilibrium,  the  algebraic* 
earn  of  the  oomponenta  of  all  the  forces,  along  either  of  the  two  co-oitiinates. 
is  aero.  Thus,  m  Fig.  35  (6)  or  36.  if  the  sense  of  R  be  such  that  it  shall  act  as 
the  anti-resultant  of  the  other  three  forces  E,  F  and  G,  its  component,  o  «  or 
o  a,  along  either  co-ordinate,  will  be  found  to  balance  those  of  the  other 
forces  along  the  same  co-ordinate. 


Flff.  89. 


Henoe  we  have  the  very  important  proposition  that:  When  a  system  of 
eoneurrent  ooplanar  forces  is  in  equilibrium,  the  algebraic  sums  of  their  com- 
ponents, in  any  two  directions,  are  each  equal  to  sero. 


FUr.  S6. 

68.  CoiiTenely*  in  a  system  of  concurrent  forces,  if  the  algebraic  sums  ol 
the  components  in  any  two  directions  are  each  equal  to  sero,  the  forces  are 
in  equilibrium. 

If  the  sum  of  the  components  in  one  of  any  two  directions  is  not  equal  to 
sero^  the  forces  cannot  be  in  equilibrium.  Thus,  in  Fig.  35  (6)  or  36  (6),  the 
sum  of  the  components^  along  either  one  (as  VV)  of  the  two  co-ordinates, 
may  be  sero;  and  yet,  if  the  sum  of  those  along  the  other  co-ordinate  is 
not  aero,  their  resultant,  or  algebraic  sum,  will  move  the  body,  on  which 
thsy  act,  in  the  direction  of  that  resultant. 


i 


*The  oomponenta  being  taken  as  +  or  — ,  according  to  the  sense  of  each. 
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69.  With  T«rt]ca1  and  horiiontal  co-ordinates,  the  oonditicii  o^ 

eqijililirium*  becomes: 

The  sum  of  the  horiionUl  resolutes  must  be  equal  to  aero; 
The  sum  of  the  vertical      resolutee  must  be  equal  to  sero; 
or»  more  briefly : 

S  horizontal  resolutes  *  0 
X  vertical      resolutes  —  0 
Convereely,  if  t  hcae  conditions  are  fulfilled*  the  forces  are  in  equilibrium. 


FIff.  37. 
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70.  Besultant  of  More  than  Two  Coplanar  Forces.    Where  it 

is  requjreti  to  find  the  resultant  of  more  than  two  concurrent  and  ooplanar 
forcefi.  OB.  m  Fjfi^.  37,  we  may  first  find  the  resultant  Ri  of  any  two  of  them, 
as  of  Pi  and  P*  i  then  the  resultant,  Rt.  of  Hi  and  a  third  force,  as  Pt;  and  so 
on,  until  wc  fiuslly  obtain  the  resultant  R  of  all  the  forces.  This  resultant  ia 
evidently  concurrent  and  coplanar  with  the  given  forces. 

71.  It  \s  quite  immaterial  in  what  order  the  forces  are  taken. 
Thus,  we  may,  aa  In  ?lg.  38,  first  combine  Pi  and  Pt;  then  their  resultant  Ri 
with  Pt,  obtaining  R^;  and,  finally,  Rs  with  P4,  obtaining  R; or.  as  in  Fig.  39, 
we  may  5rjt  combiius  any  two  of  the  forces,  as  Pi  and  Ps.  obtaining  their 
resuliabt  R|  -  thpn  proceed  to  any  other  two  forces,  as  P3  and  P4,  and  obtain 
Lbrir  rc<iultaiit  R-;  and  finally  oombine  the  two  resultants,  Ri  and  R«,  ob- 
taining the  fe^ultaot  R. 


The  Force  Polygon. 

7^*  The  Force  Polygon.  Comparing  Figs.  37  and  38  with  Figs.  40 
and  41,  reftpcctively,  we  see  that  we  may  arrive  at  the  same  resultant  R  by 
simply  draw  in K,  pus  in  Fig.  41,  lines  representing  the  several  forces  in  any 
order,  but  folhm  in^c  each  other  according  to  their  senses.  It  will  be  noticed 
that  this  is  merely  an  abbreviation  of  the  process  of  drawing  the  several  force 
paralh'liKrnini-H. 

73.  Remiltanl  and  Anti-resultant.  The  line, — R,  required  to  com- 
filete  the*  fMjJv«on.  rfiiresents  the  an/t-resultant  of  the  other  forces  if  its  sense 
1^  snt-h  ttuit  It  jfolto^EK  them  around  the  polygon,  as  in  Fig.  40.  If  its  sense  is 
oppfttttti  to  theim,  as  in  Fig.  41,  it  is  their  reinUtant,  R. 

74<  In  uth<!r  wurih,  if  any  number  of  concurrent  forces,  as  P),  P»  P^  P< 
and  R.  Figa.  37  and  38,  f  are  in  equilibrium,  the  lines  representing  them,  if 
drawn  in  nny  order,  but  so  that  tneir  senses  follow  each  other,  will  fonn  a 
closM'd  iMjlyKon,  ofn  m  Fig.  40  (or  in  Fig.  41  if  the  sense  of  R  be  reversed). 

7"*.  Conv«»rselv,  if  the  lines  representing  any  system  of  concurrent 
copljinar  fcrpcu^  when  drawn  with  their  senses  followiii|p  each  other,  form  a 
closed  ptilyguD,  as  in  Fig.  40.  those  forces  are  in  equilibrium. 


♦With  non-Tfrncurrent  forces,  another  condition  must  be  satisfied.  See  Y  83L 
tR  iB  here  ntKarded  as  tending  upward^  so  as  to  form  the  an<i-reeultant  ol 
the  other  foroes.  ^.g,,^^,  ,^  ^OOg [Q 
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It  wni  be  noticed  that  the  force  triangle,  and  the  straifrht  line  repreaenttna 
a  system  of  colinear  forces,  Fi«n.  10  and  11.  ^K  20,  etc.,  or  a  system  of 
parallel  forces.  Figs.  55,  etc^  ^i  111,  etc.,  are  merely  special  cases  of  the 
farce  polygon. 

76.  In  a  force  polygon.  Fig.  42,  any  one  of  the  forces  is  the  anti-resultant 
of  all  the  rest.  Any  two  or  more  of  the  forces  balance  all  the  rest ;  or,  their 
resultant  is  the  anti-resultant  of  all  the  rest. 

If  a  line  acorbd.  Fig.  42,  be  drawn,  connecting  any  two  comen  of  a  f ore« 


polygon,  that  line  represents  the  resultant,  or  the  anti-resultant  (according  as 
Its  arrow  is  drawn)  of  all  the  fcvoes  on  either  side  of  it.    Thus : 

a  e  is  the  resultant  of  Pi  P«       and  the  anti-restiltant  of  P«  P^  P^ 
ea      '*  "  "   P,  P4  Pfi        ••  *•  "  Pi  P2 

bd P,P,  "  "  "  P4P6P1 

db      "  ••         "  P4  Pfi  P,        "  "  ••  P,  P, 

77.  Knowing  the  dtrtetUmt  of  aU  the  forces  of  a  system,  as  Pi P5, 

Fig,  42,  and  the  amcunia  of  ail  but  two  of  them,  as  P«  and  Ps,  we  may  find  the 
amounts  of  those  two  by  first  drawing  the  others,  P4,  Ps  and  Pi,  as  in  the 
figure.  Then  two  lines  o  c  and  c  <f,  drawn  in  the  directions  of  the  other  two 
and  dosing  the  polygon,  will  necessarily  give*  their  amounts. 


Fi«.  43. 


FIff, 


78.  If  any  two  points,  as  o  and  c.  Fig.  43.  be  taken,  then  the  force  or  forces 
represented  by  any  line  or  system  of  lines  joining  those  two  points  will  be 
equivalent  to  o  c.  Thus:  oe'^oahc'''ode^on-pc==ohkmc  — 
9  hmc  "  o  fe  ^  o  ge,  etc..  etc. 

Similarly,  in  Fig.  42,  the  force  polyipon  ahcdeais  equivalent  to  the  force 
polygon  aofdeOf  and  to  the  force  triangle,  abea,  eacn  being  =  sero. 

NoB-coneamnt  Coplanar  Forces. 

79.  Noh- COD  current  Coplanar  Forces.  Fig.  44.  The  process  of 
finding  the  resultant  of  three  or  more  coplanar  but  non-concurrent  forces  is 
the  same  as  if  they  were  concurrent.  Thus,  let  Pi,  Pf  and  Pji  represent  three 
such  forces.*     We  may  first  find  the  resultant  Ri  of  any  two  of  them,  as  Ps 


*Any  two  eoplanar  non-parallel  forces,  as  Pi  and  Pf,  or  P^  and  Pa  are 
Meesaarilv  eoncnrrent  (see  H  19);  but  there  is  no  single  pomt  in  which 
the  thrm  forces  meet. 
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mud  P3;  and  then,  by  combining  Ri  with  the  remainini;  force  Pi,  we  find  th« 
resultant  R  of  the  three  forces.  Here  the  line  R  represents  the  resultant,  not 
only  in  amount  and  in  direction,  but  also  in  position.  That  is,  the  line  ol 
action  of  the  resultant  coincides  with  R. 

80.  The  resultant  R  is  the  same,  in  amount  and  in  direction,  as  if  the 
forces  were  concurrent,  and  its  position  is  the  same  as  it  would  have  been  if 
their  point  of  concurrence  were  m  the  line  of  R.  If  there  are  more  than  three 
forces,  we  proceed  in  the  same  way. 

81.  Conversely*  the  resultant  R,  or  any  other  force,  may  be  resolved 
into  a  system  of  any  number  of  concurrent  or  nonconcurrent  coplanar  forcea, 
in  any  directions,  at  pleasure.  Thus,  we  may  first  resolve  R  into  Pi  and  Ri ; 
then  either  of  these  into  two  other  forces,  as  Ri  into  Pf  and  P3.  and  so  on. 

82.  If  a  system  of  non-concurrent  coplanar  forces  is  in  eouilibriimi,  the 
f orc^  will  still  be  in  equilibrium  if  they  are  so  placed  as  to  be  concurrent ; 
provided,  of  course,  that  their  directions,  senses  and  amounts  remain  un- 
changed ;  but  it  does  not  follow  that  a  system  of  forces,  which  is  in  equilib- 
rium when  concurrent,  will  remain  in  equilibrium  when  so  placed  as  to  be 
non-concurrent. 

Thus,  the  five  forces,  Pi Ps,  Fig.  45  (a),  may  be  so  placed^  as  in  Fig. 

45  (6),  that  the  resultant  a  e,  of  Pi  and  Pj,  does  not  coincide  with  the  re- 
ftultant  c  a  of  P«,  P4  and  P^.  but  is  parallel  to  it.  These  two  resultants  then 
form  a  couple.     (See  Hf  155,  etc.) 


Flff.  45. 


Hence,    the    conditions  of 


83.  Third  Condition  of  Equilibrium. 

e<|uilibrium  for  concurrent  forces,  stated  in  ^  bv, 

2  vertical        components  —  0 
2  horisontal  components  »  0 

do  not  suffice  for  non-concurrent  forces,  and  a  third  condition  must  be  added, 
via.: — 

2  moments  —  0; 

i,  e.,  the  moments  of  the  forces,  taken  about  any  point,  must  be  in  equilib 
Hum. 

A  sjrstem  of  forces  in  equilibrium  has  no  resultant ;  hence  it  has  no  moment 
iibout  any  point.  In  other  words,  the  moments  of  the  forces,  as  well  as  the 
forces  themselves,  are  in  equilibrium. 

84.  The  resultant  of  a  system  of  unbalanced  non-concurrent 
forces,  acting  upon  a  body,  may  he  either 

(1)  a  single  force,  acting  through  the  center  of  gravity  of  the  body;  or 

(2)  a  couple:  t.  e.,  two  equal  and  parallel  forces  of  opposite  sense  (see 
IT  155,  etc.);  or 

(3)  either  (a)  a  single  force,  acting  through  the  center  of  gravity  of  the 
body,  and  a  couple;  or  (b)  a  single  forces  acting  ebewhsre  tha»  through  the 
eeater  of  gravity  of  the  body. 

In  Case  (3),  the  two  alternative  resultants  are  interchangeable;  i.e.,  a 
■ingle  force,  acting  elsewhere  than  through  the  center  of  gravity  of  the  body, 
may  always  be  replaced  by  an  equivalent  combination  consisting  of  an  equal 
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lianllel  force,  acting  through  the  center  of  gravity  of  the  body,  and  a  couple^ 
and  vice  versa.    See  H  161,  etc. 

The  resultant  gives  to  the  body,  in  Case  (1),  motion  of  translation  in  a 
straight  line,  witnout  rotation;  in  Case  (2),  rotation  without  translation; 
and  in  Case  (3),  both  translation  and  rotation.    See  foot-note  (*),  ^  1. 

85.  The  force  polygon,  t  72,  Figs.  40,  etc.,  and  the  method  by  co- 
ordinates. ^  66,  Fig.  35,  therefore,  give  us  only  the  amount,  direction  and 
sense  of  the  resultant  of  non-concurrent  forces,  and  noi  its  poHtion.  To  find 
the  position  of  the  resultant  of  non-concurrent  forces,  we  may  have  recourse 
to  a  figure,  like  Fig.  44.  where  the  forces  are  represented  in  their  actual  posi- 
tions, or  to  the  cord  polygon,  ^^86,  etc.,  Fig.  46. 

The  Cord  Polygon. 

80.  In  the  force  triangle  any  two  of  the  three  lines  may  be  regarded  as 
representing,  by  their  directions,  the  positions  of  two  members  (two  struts 
or  two  ties,  or  one  strut  and  one  tie)  of  indefinite  length,  resisting  the  third 
foree;  while  their  lengths  give  the  amounts  of  the  forces  which  those  mem* 
beis  must  exert  in  order  to  maintain  equilibrium. 


FlflT.  26  (repeated). 

87.  Thus,  in  Fig.  26  (6),  are  shown  four  different  ssrstems.  of  two  mem- 
bers each,  inclined  respectively  like  the  forces  c  b  and  b  o  in  Fig.  26  (a)  and 
balancing  the  third  force  o  e.  The  stresses  in  these  two  members  are  given 
by  the  lengths  of  the  lines  e  b  and  b  o  in  Fig.  26  (a). 

The  members  acting  as  struts  are  represented,  in  Fig.  26  (6),  as  abutting 
against  flat  surfaces,  while  those  acting  as  ties  are  represented  as  attached 
to  hooks,  against  which  they  pull. 

In  Fig.  26  (c)  and  (d)  are  indicated  systema  of  members,  inclined  like  the 
forces  e  of  and  t^o,ea  and  a  o,  respectively,  of  Fig.  26  (a),  by  which  the  third 
force  o  e  might  be  supported. 

88.  In  the  force  polvgon  abedeot  Fig.  46  (6),  representing  the  four 
forces.  Pi,  Ps.  Pa,  Fj,  of  Fig.  46  (o),  if  we  select,  at  pleasure,  any  point  o 
(called  the  pole)  and  draw  from  it  a  series  of  straight  lines  oa,ob,  etc.  (called 
rays),  radiating  to  the  ends,  a,  6,  e,  etc.,  of  the  lines  P],  P9,  etc.,  representing 
the  forces,  we  shall  form  a  series  of  force  triangles,  aobthoc,  etc. 

Thtis,  in  the  triangle  a  6  o  we  have  the  force  Pi,  or  a  b,  balanced  by  the  two 
forces  o  a  and  b  o;  m  the  triangle  be  o,  the  force  Pt,  or  b  c,  balanced  by  the 
two  forces  o  6  and  e  o;  and  so  on. 

89.  The  Cord  Polygon.  If,  now,  in  Fig.  46  (a),  we  draw  the  lines  a 
and  6,  parallel  respectively  to  the  rays  o  a  and  o  b  of  Fig.  46  (b)  and  meeting 
in  the  line  representing  the  force  Pi,  they  will  represent  the  positions  of  two 
tension  members  of  indefinite  length,  which  will  balance  the  force  Pi  by  ex- 
erting forces  represented,  in  amount  as  well  as  in  direction,  by  the  rays  o  a 
and  b  o.  Fig.  46  (b).  Again,  taking  pole  </,  Fig.  46  (b),  instead  of  o.  we  have 
of  and  b'.  Fig.  46  (oO,  parallel  resftectively  to  the  rays,  €/  a  and  o'  b,  and  rep- 
resenting a  pair  of  struts  performing  the  same  duty. 

90.  Simihirfy,  the  Ihies  b  and  c,  Fia.  46  (a),  parallel  respectively  to  rays  o  b 
and  o  c  represent  two  tension  members,  which,  with  stresses  equal  respeo* 
lively  to  o  b  aud  c  o.  Fig.  46  (b),  balance  the  force  Pfitized  by  ^OOg  IC 
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91.  We  thus  obtain,  finally,  a  system  of  five  tension  members,  ah  e  d  t^ 
Fig.  46  (a),  which,  if  properly  fastened  at  the  ends  a  and  e  respectively,  wili« 
by  exerting  forces  represented  respectively  by  the  rays,  00^08,00,  etc..  Fig. 
46  (b),  balance  the  four  given  forces  Pi,  P2.  Pz  and  P4. 

92.  The  figure  a  b  e  d  e.  Fig.  46  (a),  is  called  a  oord  polygon,  funicular 
polygon,  or  equilibrium  polygon. 

93.  Resultant,  Anti-resultant.    Amount  and  Direction.    In  tha 

force  polygon.  Fig.  46  (6)  or  (d),  the  line  e  a,  joining  the  end  of  the  last  force- 
line  d  e  with  the  beginning  of  the  first  one  a  b,  represents  the  anti-resultant  of 
the  given  system  of  four  forces,  and  a  9  their  resultant.  Evidently,  there- 
fore, the  rays  a  o  and  o  e,  which  represent  two  components  of  a  e.  repreeent 
also,  in  direction  and  in  amount,  two  forces  which  would  balance  «  a,  or  which 
would  be  equivalent  to  the  given  system  of  (four)  forces. 


Fifftk  46  ^a),  (aO  and  (5). 


94.  Position  of  Resultant.  Hence,  in  the  cord  polygon.  Fig.  46  (a); 
the  intersection,  i,  of  the  cords  a  and  e,  parallel  respectively  to  the  rays  o  a 
and  e  o.  is  a  point  in  the  line  of  action  of  the  resultant  R;  and,  if  we  imagine 
a  t  and  e  t  to  be  rigid  rods,  and  apply,  at  t,  a  force,  —  R,  equal  and  parallel  to 
a  6,  but  of  opposite  sense,  that  force  will  be  the  anti-resultant  of  the  (four) 
given  forces,  and  we  shall  have  a  frame-work  bcdiof  cords  and  rods,  kept  in 
equilibrium  by  the  action  of  the  five  forces,  Pi,  Pa,  Pa,  P4  and  —  R. 

90.  The  choice  of  position  of  the  pole,  o,  in  the  force  polvgon.  Fig.  46  (6). 
does  not  affect  the  resultant,  R ;  but  it  does  affect  the  shape  of  the  oord 
polygon.  Fig.  46  (a)  or  (a').  Thus,  with  the  forces  drawn  in  the  order  shown 
in  (fr),  and  with  the  pole,  o,  on  the  rigfd,  we  obtain,  as  in  fig.  (a),  a  series 
of  supposed  tie*,  a,  6,  c,  etc.;  but,  with  the  pole,  o\  on  the  left  (forces  drawn 
as  before)  we  obtain  a  series  of  ttntU,  a\  V,  ef,  etc.  Fig.  (jaf), 

96.  In  eonstrticting  the  cord  polvgon.  Fig.  46  (a),  (aO.  (c),  and  (e),  car« 
must  be  taken  to  draw  the  oords  m  their  proper  places;  and  for  this  it  is  neo* 
eesary  to  remember,  simply,  that  the  two  rays  pertaining  to  any  partieular 
force  line  in  the  force  polygon.  Fig.  46  (6),  represent  those  members  which, 
in  the  cord  polygon,  Fig.  46  (a),  take  the  oompon^t^^j^^|]^roe. 
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tbm,  o  a  and  b  «,  Fie.  46  (&)»  pertain  to  tlw  foraa  Pi  i  o  6  and  e  o  to  tha 
foree  Pf.  Henoe,  in  F^.  46  (a)  or  (c)  we  draw  a  and  h  (oaraUel  reapeetively 
to  o  a  and  6  o)  meeting  in  the  line  of  action  of  Pi :  6  and  e  (parailet  respect* 
irely  to  o  fr  and  c  o)  meeting  in  the  line  of  action  en  Pf,  etc.,  etc. 

97.  Each  ray  in  the  foree  polygon.  Fig,  46  (b),  including  the  outaide  onei» 
Is  thus  seen  to  pertain  to  two  foroep,  and  each  loree  has  two  rays.  The  two 
cords,  parallel  respectively  to  the  two  rays  of  any  force,  must  be  drawn  to 
meet  in  the  line  ofaction  of  that  force;  and  each  cord  must  join  the  lines  of 
action  of  the  two  forces  to  which  its  parallel  ray  pertains.  The  lines,  a,  b,  e. 
etc.,  in  the  cord  pcrfygon.  Fig.  46  (a>  and  (c)i  ipv*  merely  the  i$usLinalioiu  of 
members  which,  ma  there  arranged,  would  sustain  the  given  forces.  The 
lengtha  of  these  lines  hava  notfanw  to  do  with  the  amounta  of  the  sfrssses. 
Thoe  are  given  by  the  lengths  of  t&B  corresponding  ray  in  the  /ores  polygon, 
Tig.  46  Q>). 


Ftfa.  46  (c)t  (4)  and  («)• 


98.  Tf  the  anti-resultant  force,  —  R,  is  not  applied,  the  cords  a  and  e  may 
he  supposed  fastened  to  firm  supports,  against  which  they  exert  stresses  rep* 
loented.  in  amount  and  in  direction,  by  the  nyn  a  o  and  o  e  respectively. 
But  the  resistances  of  those  two  supports  are  plainly  equal  and  opposite  to 
those  stresses,  or  equal  to  o  a  and  e  o  respectively*  Hence,  Iheir  resultant  is 
the  anti-reaultant.  —  R,  of  the  four  origmal  forces. 

99.  If,  Fig.  46  («).  the  two  end  members  a  and  e  were  atUched  merely  to 
two  tiea,  V  and  V,  parallel  to  the  anti-resultant,  — R,  they  would  evidently 
draw  the  ends  of  those  ties  inward  toward  each  other.  To  prevent  this,  let 
the  strut  k  be  inserted,  making  it  of  such  length  that  the  ties  V  and  V  may 
remain  parallel  to  —  R,  and  draw  o  ib.  Fig.  46  (b).  parallel  to  A;.  Then  a  It 
and  k  s  give  the  stresses  in  V  and  V  respectively. 

too.  If  the  anti-resultant.  — R,  found  by  means  of  the  force  polygon,  be 
applied  in  a  line  passing  through  the  intersection  of  the  outer  (initial  and 
final)  members  in  the  cord  polygon,  all  the  foroes,  inoludins  of  course  the 
anti-resultant,  will  be  in  equilibriiun.  In  other  words,  ooplanar  forces  are 
in  equilibrium  if  they  may  be  so  drawn  aa  to  form  a  dosed  force  poljrgon,  ,and 
if  a  ek>aed  cord  polygon  may  be  drawn  between  them.  But  if  the  anti-re- 
sultaat  be  applied  dsewhere,  we  shall  have  a  couple,  oompoeed  of  the  aatt- 
nmatwiit.  — -f 
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Concnirent  Non-eoplanar  Forces. 

101.  Any  two  of  the  concurrent  forces,  as  o  a  and  o  c.  Fig.  47  (a)  or  (b),  an 
netjessarily  coplanar.  Find  their  resultant,  o  r,  which  must  be  ooplanar  witli 
t]jc  m  and  with  a  third  force  o  b.  Then  the  resultant,  R,  of  o  r  and  o  6  is  the 
resultant  of  the  three  forces.  If  there  are  other  forces,  proceed  in  the  same 
w'liy. 

102.  No  three  non-coplanar  forces,  whether  concurrent  or  not,  can  be  ir 
cqiuilibrium. 

103.  Force  Paralleloplped.  The  resultant  of  any  three  ooncurrenl 
□on-coplanar  forces,  oa,  ob,  oc^  Figs.  47.  will  be  represented  by  the  diagonaj 
o  R,  of  a  paralleloplped,  of  which  three  converging  edges  represent  the  three 
forces. 

104.  Methods  by  Models,  (a)  For  three  forces.  Construot  a 
box,  Fig.  47  (a)  or  (6),  with  three  conver^;ent  edges  representing  the  three 
forces  in  position  and  amount.  Then  a  stnng  o  R,  joining  the  proper  comers, 
will  represent  the  resultant. 


Fly.  47. 

Or,  let  ao,bo,  c  o^  Fig.  48  (a),  be  three  forces,  meeting  at  o.  Draw  on 
podteboard  the  three  forces  a  o,  6  o,  c  o.  as  in  Fig.  48  (b),  with  their  iietual 
LLiigles  aob,  boc,  coOt  &iid  find  the  resultant  v  o  of  the  middle  pair,  b  o  and 
c  o.  Cut  out  neatly  the  whole  figure,  a  o  a  e  xv  b  a.  Biake  deep  knife- 
srratches  along  o  b,  o  e,  ao  that  the  two  outer  triangles  may  be  more  readily 
turned  at  angles  to  Uie  middle  one.  Turn  them  until  the  two  ecises  o  a^oa 
meet,  and  then  paste  a  piece  of  thin  paper  along  the  meeting  joint  to  keep 


them  in  place.  Stand  the  model  upon  its  side  obwe&BB,  base,  and  we  shall 
have  the  flipper  shape  a  o  b  w.  Fig.  48  (c) ;  o  ir  being  the  sole,  and  aob  the 
hullow  foot.  In  the  model,  the  force  a  o  and  the  resultant  u;  o  of  the  other 
two  forces,  are  now  in  their  actual  relative  positions.  To  find  their  resultant, 
cut  out  a  separate  piece  of  pasteboard,  R  a  o  id,  with  R  a  and  R  ir  parallel 
respectively  to  tr  o  and  a  o.  Draw  upon  each  side  of  it  the  diagonal  R  o. 
Paste  this  piece  inside  the  model,  with  its  lower  edge  id  o  on  the  line  w  o,  Fig. 
48  (6),  and  its  edge  a  o  in  the  comer  a  o.  This  done.  R  o  represents  the  re- 
nultant  of  a  o.  bo,  e  o.  Fig.  48  (a),  in  its  actual  position  relative  to  them. 

lOiS.  (b)  For  four  forces,  as  a  o,  b  o,  e  o.  <f  o,  in  Fig.  49.  Draw  them  as  in 
FIk.  49  (a),  with  their  angles  aob.  bo  c,  etc.  Draw  also  the  resultants  v  o,  of 
a  o  and  6  o;  and  tr  o,  of  «  o  and  d  o.  Then  out  out  the  entire  figrure.  as  before, 
and  paste  together  the  two  edges  a  o,  a  o.  Hold  the  model  in  such  a  way 
that  two  of  its  planet  (as  a  o  b  and  hoc)  form  the  saoM  angle  with  each  other 
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■s  do  the  two  oorreBpooding  plimwi  between  the  foroee. 

tint  reenitajktmvo,  w  o.  Fig.  49  ib),  in  thtir  actual  relatiM], 

nparate  poeoe  of  pasteboard  R  «  o  10,  Fig.  49  (6),  draw  the  diagonal  R  o  on 


Then  we  have  the 

i),  in  thtir  actual  relatiMpimlumt.    Cut  out  a 
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each  side  <tf  it,  and  paste  it  inside  the  noodel,  with  o  «  and  o  tr  cm  the  eorre- 
sponding  linee  of  the  model.  ^  Then  R  o  will  represent  the  resultant  of  the 
four  forces,  a  o,  6  o,  c  o,  do,  in  its  actual  position  relative  to  them. 

The  model  may  be  made  of  wood,  the  triangleB  a  oh,  hoc,  etc..  being  cut 
oat  aepamtely,  the  joining  edges  bevelled,  and  then  glued  together. 
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Non-concurrent  Non-coplanar  Forces. 

106.  Non-coneiirrent  NoD-coplanar  Forces.  Fig.  60  (a).  (For  par- 
allel non-ooplanar  foroes.  see  t  If  110,  etc.)  Resolve  each  force  mto  two  rec- 
tangular components,  one  normal  to  an  assumed  plane,  the  other  coin- 
ciding with  the  plane.*  Find  the  resultant  of  the  (ooplanar)  components 
coinciding  with  the  plane,  by  methods  already  given,  and  that  of  the  normal 
(paralld)  components,  by  Yl  110,  etc.  If  these  two  resultants  are  ooplanar, 
they  are  also  concurrent,  and  their  resultant  (which  is  the  resultant  of  the 
system)  is  readily  found. 

107.  If  not,  let  V,  Fig.  60  (&),  be  the  resultant  normal  to  the  plane,  and  H 
the  resultant  Wing  in  the  plane.  By  If  162,  substitute,  for  H,  the  equal  and 
parallel  force  W,  meeting  V  at  O,  and  the  couple  H  .  O  a,  and  find  the  result- 
ant, R'.  of  V  and  H'.  The  system  of  forces  is  thus  reduced  to  the  single  force 
R'  and  the  couple  H  .  O  a.     For  Couples,  see  t  155. 


FlflT.  50. 

lOS.  Moments  of  Non*coplanar  Forces.  The  action  of  the  weight 
W  of  the  wall.  Fig.  51  (a),  and  of  the  non-ooplanar  foroes  P]  and  Pj,  may  be 
represented  as  in  Fig.  51  (6),  where  the  axle  a'  ff  represents  the  edge  a  e 
about  which  the  wall  tends  to  turn,  while  the  bars  or  levers  represent  the 
leverages  of  the  foroes.  So  far  as  regards  the  overturning  stability  of  the 
wall,  regarded  as  a  rigid  body  and  as  capable  of  turning  only  about  the  edge 
a  c,  it  is  immaterial  whether  an  extraneous  force,  as  Pi,  is  applied  at  p  or  at 
g:  but  it  is  plainly  not  immaterial  as  regards  a  tendency  to  swing  the  wali 
around  horisontaOy,  or  to  fracture  it;  or  as  re||ards  pressures  (and  conse- 
quent friction)  between  the  axle  a'  cf  and  its  bearmgs.  For  equilibrium.  Pi  m 

■-  Ps  4  +  W.  -^.     Here  a  torsiona]  or  twisting  stress  is  exerted  in  the  axle. 


*Wires»  stuck  in  a  board  representing  the  plane,  will  facilitate  this. 
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&od  the  prassures  of  its  ends  in  the  beAiinsB  are  more  or  less  modified ;  b 
BO  far  as  merely  the  equilibrium  of  the  moments  is  concerned,  we  may  m 
pose  all  of  the  forces  and  their  moments  to  be  shifted  into  one  and  the  asi 
plane,  as  in  Fig.  51  (c). 

109.  In  cases  like  that  represented  in  Fig.  51,  it  is  usual,  for  oonvenien 
to  restrict  ourselves  to  a  supposed  vertical  »Hce,  «,  1  foot  thick,  and  to  1 
forces  acting  upon  such  slice;  supposing  the  weight  of  the  slice  to  be  eonoi 
trated  at  its  center  of  gravity,  and  the  extraneous  forces  to  be  applied  in  t 
name  vertical  plane  with  gravity.  In  effect,  we  are  then  dealing  will 
slice  indefinitely  thin,  but  Imving  the  weight  of  the  1-ft.  slice. 
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PABALLEL  FORCES. 

110.  The  resultant  of  any  number  of  parallel  forees,  whctli 

they  are  in  the  same  plane  or  not,  and  whether  in  the  same  direction  or  n< 
tA  parallel  to  them  and  —  their  algebraic  sum. 

Coplanar  Parallel  Forces. 

111.  The  resultant  of  any  number  of  coplanar  parallel  forc< 

h  in  the  same  plane  with  them,  whether  the  forces  are  of  the  same 
of  opposite  sense;  and  the  leverages,  or  arms,  of  such  forces,  and  of  the 
resultant,  about  any  given  point  in  the  same  plane,  are  in  one  straight  lin 
Thus,  in  Fig.  56  (a),  where  tne  five  forces,  a,b,e,d  and  e  are  in  one  plane,  the 
resultant,  R.  is  in  that  same  plane;  and  the  leverages  of  the  xorces,  ai 
of  R,  about  any  point,  as  6  or  v,  m  the  same  plane,  are  in  the  straii^t  line  R 
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112.  The  resultant*  R,  or  anti-resultant,  Q,  Fjg.  52,  of  two  parallt 
forces,  a  and  6.  intersects  any  straight  line,  u  v,  joining  the  directions  < 
the  two  forces.  Hence,  if  three  paralld  forees  are  in  equilibrium,  they  ai 
in  the  same  plane.  In  Fig.  52  (a),  the  two  forces,  a  and  b.  are  of  Hk 
R  is  then  between_a  and  6,  and  R  =>  5  +  a.     In  Fig.  52  (6),  a  an 

IR— *— c 


b  are  of  opposite  sense.     R  is  then  not 
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113«  To  find  tbe  podtion  of  th«  resaltuit,  draw  and  measure  any  straight 
line^  u  9,  joining  the  lines  of  action  of  the  foroes.  It  is  immaterial  whether 
tf  9  is  perpendicular  to  said  directions,  or  not.  The  line  representinc  the 
leraitant  cute  u  ««  nnd  its  position  is  found  thus: 

6  a 

II  i  -  «  V  X  -^;      and  t>  t  -  «  t>  X  -p-. 


<        ^30 


V 


Fi«.  5S. 


0-< 
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114.  This  may  be  conveniently  done  by  making  «  v  equal  by  any  conve- 
nient scale,  to  the  sum  of  the  forces,  as  in  Fig.  53,  where  u  v  —  42.  Then 
make  u  t  equal,  by  the  same  scale,  to  the  force  at  v,  or  e  i  equal  to  the  force  at 
u.  Then  a  line,  R,  Fig.  62  (a),  drawn  through  i  parallel  to  a  and  b,  gives  tbe 
position  and  direction  of  their  resultant;  and  its  amoimi  is  equal  to  the  Bum 
of  a  and  fr;  or  R  —  a  +  &.  In  other  words,  if  a  force,  Q,  parallel  to  a  and  b, 
and  equal  to  their  sum,  but  of  opposite  sense,  be  applied  to  the  body  any- 
where ra  a  line  passing  through  t,  it  will  balance  a  and  6,  or  will  be  their  anti« 
resultant. 
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116«  The  portion  of  the  resultant*  so  found,  satisfies  the  condition  of 
equiUbrium  of  moments:  thus»  h.vi  —  a.vi  *  sero. 

If  the  two  foroes  are  equal,  their  resultabt  R  is  evidently  midway  between 
them. 

116.  In  the  eonunon  steeiyardy  Fig.  54,  the  two  forces  a  and  6,  ol 
Fig.  52  (a),  are  represented  by  the  two  weights,  a  —  3  pounds  at  li,  and  h  -• 
I  pound  at  v,  with  leverages  ui  and  vi  xespecUvely^gfl^^^f^^iC^  1 : 3. 
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It  will  be  noticed  that  in  Fig.  56  (a)  the  resultant,  R,  owing  to  the  poe 
lions  and  amounts  of  the  several  forces^  lalls  outside  of  the  system  of  give 
forces. 

117«  Figs.  55  to  58  illustrate  the  application  of  the  cord  i>ol3rgon  (H^  8 
to  100)  to  coplanar  parallel  forces.  Here  the  force  polygon  is  necessarily 
straight  line. 
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118.  Resolution.  Let  Fig.  57  (a)  represent  a  beam  bearinir  a  sinKi 
concentrated  load»  a.  elsewhere  than  at  its  center;  and  let  it  be  require 
to  find  the  pressure  on  each  of  the  two  supports,  w  and  x. 
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Draw  X  a.  Fig.  57  (6).  to  represent  the  load  a  by  scale,  and  rays  X  O,  a  O 
to  any  point  O  not  in  the  line  X  a.  In  Fig.  (a),  from  any  point,  t,  in  th< 
vertical  throug^h  the  point,  a,  where  the  load  is  applied,  draw  t  «  and  t  r 
parallel  respectively  to  O  X  and  O  a.  Join  r  «,  and  in  Fig.  (b)  draw  O  \d  par 
tillel  tors.  Then  the  two  segments,  w  a  and  X  ir.  of  X  a>give  by  scale  th< 
pressures  upon  the  two  supports,  w  and  x  respectivelv.  The  greater  pres- 
sure will  of  course  be  upon  the  support  nearest  to  the  load;  but  we  msj 
hn  guided  also  by  remembering  that  the  segment  X  w,  adjoining  the  radial 
line  O  X  in  Fig.  (b)  represents  the  pressure  on  that  support,  x.  Fig.  (a), 
which  pertains  to  the  line  t  •  parallel  to  O  X;  and  vice  versa. 


119 

beam. 


Fig.  58  represents  a  case  where  there  are  several  loads  on  the 
Here  the  intersection,  t\  of  the  lines  h  «  and  k  r,  Fig.  (a),  drawn 


pnrallel  respectivelv  to  O  X  an^  e  O,  Fig.  (6)  shows  the  i>osition  of  th€ 
resultant  of  the  three  loads.     Her**,  as  in  Fig.  57,  we  join  r  s,  Fig.  (a), 
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dr«w  O  tp.  Fig.  (b),  parallel  to  r  a. 
lure  upon  x,  and  v  c  thai  upon  w. 


Then  X  w,  Fis.  (b),  siTeB  tbt 


4    Q,^ 


V 


\i 


<^ 


Fl*.  S8. 


Tff 


^  r 

jx    '11/       „—-•"'       T 

X.      («) 


Non-coplanar  Parallel  Forces. 

9.  Non-coplanar  Parallel  Forces.  Fig.  59  (a).  Between  the 
sf  action  of  any  two  of  the  forces,  as  a  and  6,  draw  any  straight  line,  u  v, 
lake 

ut  =  uv  X  — — r  ;     or    »  t  —  u  »  X 


a  +6  • 


a  t  6  ' 


rough  i  draw  R',  parallel  to  a  and  5,  and  equal  to  their  sum.  Then 
the  resultant  of  a  and  h.  Then,  from  any  point,  t.  in  the  line  of  action 
\  draw  t  s  to  any  point,  s,  in  the  line  of  action  of  e,  and  make 

iz  X  ■    .^p,  ;  or « *  -  t  «  X  -^s"/  •    Through  k  draw  R  parallel  to 

c  +  it  c  +  It 

nd  e,  and  equal  by  scale  to  their  sum.  Then  is  R  the  resultant  of  the 
forces,  a,  b  and  c.  If  there  are  other  forces,  proceed  in  the  same  way 
them. 


c-tf 


Tin.  09. 


51.  In  Fig.  59  (a)  we  have  shown  the  forces,  c  and  c,  acting  upon  surfaces 

sd  above  the  general  plane,  merely  in  order  to  illustrate  the  fact  that  it  is 

it  all  necessary  that  the  forces  be  supposed  to  act  upon  or  against  a  plane 

ice. 

K.  Although  Fig.  59  (a)  illustrates  the  method  of  finding  the  resultant 

cm-coplanar  parallel  forces,  yet  it  plainly  does  not  give  the  actual  relative 

tionsof  the  forces  and  their  resultant:  because  it  is  necessarily  drawn  m  a 

I  of  perspective,  and  therefore  ail  the  parts  cannot  be  measured  by  a 

f.    The  true  relative  positions  may  of  course  be  represented  in  plan,  W.^  ip 

iwfive  stars,  a,  6.  c,  tand  A;,  Fig.  69  (6).  corresponding  to  the  pomts  wheiV^''- 
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the  forces  and  resoltaats  intenect  some  one  ofaoaen  plane.  Ehtt  it  fa  uon 
impossible  to  represent  the  forces  themselves  by  lines.  They  must  there 
fore  be  stated  in  figures,  as  is  here  done.  It  is  then  easy  to  find  the  position 
of  the  resultants,  as  before. 

123.  If  there  are  also  forces  acting  In  the  opposite  dtrectlon,  a 
d  and  e,  Fig.  59  (a),  find  their  resultant  separately.  We  thus  obtain,  finally 
two  resultants  of  opposite  sense.  These  resultants  may  be  «qual  or  unequal 
and  colinear  or  non-oolinear.  If  they  are  non-oolinear,  see  Y  84,  and  Couples 
1ir  165,  etc. 

124.  Methocl  by  projections.  Fig.  60.  First  find  the  projeotion« 
of,  V  and  d  of  the  forces,  a,  h  and  e,  upon  any  plane,  as  x  y,  parallel  t< 
them;  and  then  their  projections,  a",  l/\  and  e'\  upon  a  second  plane,  x  % 
parallel  to  them  and  normal  to  the  first.  Find  the  position,  R',  of  the  re 
sultant  of  a\  b^  and  ef,  in  plane  x  y,  and  that  R'',  of  of',  V*  and  e".  in  pl&D( 
X  V.  Now,  as  the  lines,  a',  h\  cf^  and  o^,  V,  <f\  are  projections  of  the  forces 
a,  b  and  c,  so  K',  R'',  are  projeetions  of  the  resultant,  R,  of  the  forces.  Thi 
position  of  R  is  therefore  at  the  intersection  of  two  plimes,  R  R'  and  R  R" 
peri)endicular  to  the  planes,  x  y  and  x  9,  and  standing  upon  the  projection 
R'  and  R",  of  the  resultant,  R.    R  =  a  +  6  +  tf. 


FlflT.  60. 
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sttoeeasively 
*gray- 


126.  If  a  body.  Fig.  1,*  or  a  system  of  bodies.  Fig.  2,  be  held  suoeeae 
in  different  positions,  (a),  &),  etc..  the  resultant  of  the  parallel  foroes  of  _ 
ity,  acting  upon  its  partielsa  and  indicated  by  the  arrows  in  the  figures,  will 
occupy  different  positions,  relatively  to  the  figure  of  the  body  or  svstem. 
That  point,  where  all  these  positions,  or  lines  of  gravity,  meet,  is  called  the 
center  of  gravity  of  the  body  or  system.  Thus,  if  a  homogeneous  cylinder 
be  stood  vertically  upon  either  end,  the  line  of  gravity  will  coincide  with 
the  axis  of  the  cylinder ;  but  if  the  cylinder  be  then  laid  upon  its  side,  the 
line  of  gravity  will  intersect  the  axis  at  right  angles  and  will  bisect  it. 
Hence,  in  the  cylinder,  the  center  of  gravity  is  at  the  center  of  the  axis. 

128.  About  the  center  of  gravity  the  moments  of  all  the  forces  of  gravity 
are  in  equilibrium,  in  whatever  position  the  body  or  system  may  be.  Hence, 
the  body,  or  system,  if  suspended  by  this  point,  and  acted  upon  by  gravity 
alone,  will  balance  itself^  t.  «.,  if  at  rest  it  will  remain  at  rest;  or,  if  set  i& 
motion  revolving  about  its  center  of  ipavity,  and  then  left  to^  itself,  it  will 
continue  to  revolve  about  that  center  indefinitely  and  with  uniform  angular 
velocity.  Or,  if  suspended  freely  from  any  point,  it  will  oscillate  uatu  the 
center  of  gravity  comes  to  rest  vertically  under  such  point. 

*  Figs.  1  to  45,  relating  to  Center  of  Gravity,  are  numbered  independently 
of  the  rest  of  the  series  oTfigures  relating  to  Statif^oOQ  IC 


CEMTEB  OF  GRAVITY. 
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'.  In  some  bodies,  such  as  the  cube,  or  other  parallelopiped,  the  sphere, 
he  center  of  gravity  is  also  the  center  of  the  loeighi  of^the  bodjr ;  but 
requently  this  is  not  the  case.  Thus,  in  a  body  a  b.  Fig.  2,  with  its 
>  of  gravity  at  G,  there  is  more  weight  on  the  side  a  Q»  thsA  on  the  side 


^^m 


Fly.  1. 

Stablet  Unstable,  and  Indifferent  Equilibrium. 

.  A  body  is  said  to  be  in  stable  equilibrium  when,  as  in  the  pendulum, 
>  suspended  that,  if  swung  a  little  to  either  side,  it  tends  to  oscillate 
t  comes  to  rest  again,  with  its  center  of  gravity  vertically  under  the 
of  suspension. 

•  It  is  said  to  be  in  unstable  equilibrium  when,  as  in  the  case  of  an 
4)od  upon  its  point,  it  is  so  supported  that,  if  swung  a  little  to  either 
nd  left  to  itself,  it  swings  farther  out  from  the  vertical  and  eventually 

I.  It  is  said  to  be  in  indifferent  equilibrium  when,  as  in  the  case  of  a 
tone,  supported  by  its  horizontal  axis,  or  of  a  sphere  resting  upon  a 
ntal  table,  it  is  so  suspended  or  supported  that,  if  made  to  rotate  about 
it«r  of  gravity  and  then  left  to  itself,  it  will  oontinue  in  that  state  of  rest 
mgular  motion  in  which  it  is  left. 


>.        i^» 


(«)  (6) 

Fly.  2. 


General   Rules. 

I.  The  following  general  rules  (1)  to  (6).  form  the  basis  of  the  special 
U)  to  (39). 

speaking  of  the  center  of  gravity  of  one  or  more  bodiGS*  we  shall  assume, 
mplicity,  that  they  are  homoQeneout  (t.  e.,  of  uniform  density  through- 
&nd  of  the  same  density  with  each  other.  The  center  of  oravity  is  then 
iime  as  the  center  of  volume,  and  we  may  use  the  volumes  of  the  bodies 
i  cubic  feet^  etc.)  in  the  rules,  instead  of  their  weighU  (as  in  pounds,  etc.). 
applying  these  general  rules  to  surfaces,  use  the  areas  of  the  surfaces, 
in  applsnng  them  to  lines,  use  the  lengths  of  the  lines,  in  place  of  the 
iits  or  volumes  of  the  bodies. 

all  of  the  rules  and  figures,  pp.  388  to  398,  G  representfi  t^f  c;ei?^r(0^:)Qle 
ity,  except  where  otherwise  stated.  ^ 

29 


f 


I 
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FORCE  IK  RIGID  BODIES. 


(1).  Abv  t^ro  Wod^va,  Fig.  3.    Harinsc  foand  the  center  of  grarinr,  j 
of  eaoh  body^  by  meuis  of  the  rules  given  oelow :  then  Q  ia  in  the  line  joii 


0andy';  and 


ffd-gvy;  weight  of  g^ 

sum  of  weights  of  g  and  g* 


fl^O-y/X 


weight  of  g 


sum  of  weights  of  g  and  ^ 


ITis.S 


(a).  Any  niuaber  ot  bodi«%  as  «,  b  and  c,  Fig.  4,  whether  their  cent 
of  gravity  are  in  the  name  plane  or  not 

First,  by  means  of  rule  (l)  find  the  center  of  gravity,  o,  of  any  two  of 
bodies^  as  a  and  b.  Then  the  center  of  gravity,  G^  or  the  three  bodies, 
and  Cf  IS  in  the  line  j^y' Joining  g  with  the  center  of  gravity,  g*  o{  e;  and 


gO^gg'X 


weight  of  c 


sum  of  weights  of  a,  &  and  e  ' 

f^O  ^  a<f  y.     s""^  Qf  weights  of  a  and  6     , 
sum  of  weights  of  a,  6  and  e 
and  so  on,  if  there  are  other  bodies. 

(3).  In  many  cases,  a  siaiitle  eoinple±l>od]r  may  be  supposed  to  be  diyi 
into  parts  whose  several  centers  of  gravity  can  be  readily  found.  Then 
center  of  gravity  of  the  whole  may  be  found  by  the  foregoing  and  follow 
rules.    Thus,  in  Fig.  6,  we  may  find  separately  the  centers  or  gravity  of 


<1> 


two  parallelopipeds  and  of  the  cylinder  between  them  (each  in  the  cente 
its  respective  portion  of  the  whole  solid);  and  in  Fig.  6  the  centers  of  gra^ 
of  the  square  prism  and  the  square  pyramid  (the  Utter  by  rule  (36), 
and  then,  knowing  in  either  case  tne  weights  of  the  several  parts,  find  U 
common  center  ot  gravity  as  directed  In  rules  (1)  and  (2). 
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JjKL  Aajr  liAllo>«r  bodj^  or  body  oontohiing  one  or  more  openings.  Fig.  7 
ffbd  tbe  eommon  center  of  gravis,  g',  of  the  openings  by  rale  (1)  or  (2X  am 


yi«.r 


the  eenter  of  gmrHy.  ft  of  the  entire  flgore,  ae  though  it  had  no 
Then  G  ie  in  the  line  y /,  extended,  and 

ad  -M  n^  X  som  of  Tolnmea of  openiniipi 

Toiome  of  entire  body  —  Tolmnes  of  openings 

ff^mm  Qff  V  ▼olmne  of  entire  body 

Totame  of  entire  body  —  Tolumes  of  openings 

It""***  For  convenience, we  haye  shown  the  eeyenl  centen  of  g.-..^ 
4,0/ O9  upon  the  mHSka  of  the  figure.  In  the  real  eolid  (suppoeed  to  bee. 
muionn  toloknefls)  taey  woold  of  coorBe  be  in  the  middle  of  its  thickness 
and  immediately  under  the  positions  shown  in  the  figure. 


of  gxavity  is  called  a  «« liae  of  cntwftfef .»'  The  center  of  grayi^  is  (liit)  the 
iDterseotion  of  two  lines  of  grarity:  (2nd)  the  intersection  of  three  planes 
of  grayity,  or  (Srd)  the  inietseotio&  of  a  plane  of  gravity  with  a  line  of  gravity 
not  lyii^  in  said  plane. 

1/  a  figure  or  body  has  an  azf  s  or  plane  of  aywieiiy  <i. «..  s  *ine  or  plane 
4ividing  it  into  two  equal  and  similar  portions)  said  axis  or  plane  is  a  line  or 
placo  or  gravity.  If  a  figure  or  body  has  a  central  point,  said  point  is  the 
center  of  gravify. 

In  Fig.  1,  the  string  represents  a  line  of  gravity;  and  any  plane  with 

vhiuh  the  string  coincides  Is  a  plane  of  gravity.  Thus  O  may  often  be  con- 
veniently found,  especially  in  the  case  of  a  fiat  body,  by  allowing  it  to  hang 
fireely  from  a  string  attached  alternately  at  different  comers  of  It,  or  by  bat- 
SQcing  it  in  two  or  more  positions  over  a  knife-edge,  etc.,  and  finding  O  in 
either  case  by  the  intetsecaon  of  the  lines  or  planes  of  gravity  thus  found. 

(•).  TIae  irmpMe  metkod  of  finding  the  resultant  of  parallel  forces 
may  often  be  advantageously  used  for  finding  tbe  center  of  gravity  of  a  com- 
pound body  or  figure,  or  of  a  nretem  of  bodiee  or  figures,  when  the  centers  of 
S^vity  of  the  acTeral  parts  are  known. 

Thus,  in  Fig.  8,  let  «^  6  and  0  represent  three  figures  or  bodies  whose  centers 


proportional  to  the  weights  of  a,  6  and  c;  and  from  any  convenient  point  O  i 

sraw  radial  lines  O a^  O a,  etc    In  Fig. 8, draw m A, m fC«P, and  p t,  parallel  m 

lespecavely  to0ai,0a,06,0e.  Then  a  vertical  line,  i  Gy  drawn  through  the  ■ 
Intersection,  <,  of  m  A  and  p  ik,  is  a  line  of  gravity  of  vie  m\Am  or  figure.  If  M 
the  body  or  figure  is  tymmetrieal,  as  in  tne  cross  section  of  a  T  rail,  I  t>eam  or  ~ 

deck  beam,  etc^  the  axis  of  svmme^,  dividing  the  figure,  etc.  into  two  siml* 
lar  and  equal  parts,  is  also  a  line  of  gravity,  and  its  intersection  with  the  line 
<G  already  found  is  the  required  center  of  gravity  O.  In  such  cases  it  is 
generally  meet  convenient  to  draw  the  lines  through  the  several  centers  of 
gravity  perpemUeular  to  the  axis  of  symmetiy,  so  that  the  line  of  gravity 
found  will  also  be  perpendicular  to  it 

But  if,  as  in  Fig.  8,  the  body  or  figure,  etc.,  is  not  symmetrical,  we  must  find 
a  secoDO  line  of  gravity,  the  intersection  of  which  with  the  first  will  give  the 
center  of  gravity,  O.    To  do  this,  repeat  the  process,  drawing. another  set  of 

parallel  lines  throur"  ^^ ^      ~-~   '  »L__.^'«,_  -   ^.  »„.  1 * 

convenient  to  draw  t] 
and  in  the  following 
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una  urnvr  viiu  bvuuuu  iiue  ui  gruviby.  v  wa  i.iiruuKn  t ,  pcrl 

Tliec  O  is  At  the  ioteneotion  of  the  two  lines  of  gntvity. 


'Ki^.& 


The  drawing  of  the  second  fhnicnlar  polygon  is  often  less  simple  than  thai 
cf  the  first,  because  in  the  second  thepankllenines  through  the  several  centen 
vi  gravity  do  not  necessarily  follow  each  other  in  the  same  order  as  in  the  first 
Bear  in  mind  that  the  two  lines  (as  nfj/,  rtf  mf)  meeting  in  the  parallel  lint 
(as  dnO  nertaining  to  any  given  pnit,  6,  of  the  tiKare,  must  be  perpendiculai 
t^'spectively  to  those  radial  lines  (O  a,  O  6)  which  meet  the  enas  of  the  line 
a  ^  that  represents  that  same  part 

Figs.  10  and  11  show  the  application  of  the  same  process  to  an  irregular  fif^ 
nre  composea  of  three  rectangles,  o,  b  and  e.  The  lettering  is  the  same  as  ii 
Fiss.  8  and  9;  but  in  Fig.  10  it  happens  that  f  and  p  of  the  seoood  ftiniculai 
pcJygoD  &U  upon  the  same  point 


C        X 


c^    Kls.ll 


k'  \/i 


If  the  cpnters  of  gravity  of  the  several  bodies,  or  of  the  several  parts  of  th 
hiAy,  etc ,  are  in  more  than  one  plane,  we  must  find  their  projections  upoi 
eertain  planes,  and  apply  the  process  to  those  projections. 
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Z.    Special  Rales,  derired  from  the  general  rales,  (1)  to  (6). 


•  0«>»l||lftt  ltn«.    G  is  In  the  line,  and  at  the  middle  of  fli  length. 

•  Clnsular  are,*  aob.  Figs.  12  and  13  (center  of  circle  at  e).   O  is  in  tiM 
CO  joining  the  center  of  the  circle  with  the  middle  of  the  arc,  and 

cG  -  radiasac  x  ^^ordab 

length  of  arc  ao 6 


i)-  If  Che  arc  ie  as 

cO  —    radios  ao  X -^  *    radios  a  6  X  Oj0366. 

v 

)f)»  Approximate  role*  for  distance  iO^  Fig.  12,  from  chord  to  center  of 


0  ao  >■  .01  chord  a  b;  «0-—  .666 1  • 
«  —  .10  •*  •«  ;  *<  c  .665  •  o 
«  —  .16  «  *«;**«. 063  «o 
•  —.20     «       •«;   «*   =-.660»o 


If  rise  so  -"  .80  chord  ab[ 
u    u     •*  ^  ,35     •* 

14        •«  M    ,^  ,41)         •> 

HI*     M  ^  ,45     a 

MM        M    ^  ^       •« 


•  Trlsu^^le,  a6e,  Fig.  14.  The  center  of 
it^,  Of  of  Its  three  sides*  is  the  center  of  the 
e  inscribed  by  a  triangle,  d  a/,  whose  corners 
a  the  centers  of  the  sldea  of  the  giren  triangle. 
>).  Parallel oflfram  (square,  rectangle, 
abas  or  rhomboid).  The  center  of  gravity 
le  four  aides*  is  at  the  interaection  of  the 
onala. 

L).  <Hrel«9  •lllpae.  or  repd*r  polycoB. 
center  of  gravity  of  the  ootline  or  ciroumfer- 

*  18  the  center  of  the  figure. 


i).  RcfpUar  prlana,  right  or  oblique,  and  rlcht  regular  p/ramld^ 

ruatana.    The  center  of  gravity  of  the  edges  *  is  the  center  of  the  axis, 
lepritm,  the  position  of  O  is  not  affected  by  either  including  or  excluding 
(ides  of  bath  of  the  polygons  forming  the  ends. 
4  a).  Cjrclold.«    See  p.  IM. 


Sarfkees. 
Plane 


e  nenr  treat  of  the  centers  of  gravity  of  plane  awfacta,  which  may  ba 
j-ded  as  mfinitely  thin  flat  bodfes.  The  rules  for  surfaces  may  be  used 
for  actual  flat  bodies,  in  which,  however,  the  center  of  gravity  Is  in  the 
die  of  the  thickness,  immediately  under  the  points  founa  by  the  rules. 
3)  Parallelogram  (square,  rectangle,  rhombus  or  rhomboid),  eIrolOf 
pae  or  regialar  poljgoia.  O  is  the  center  of  the  figure;  or  the  inter- 
ion  of  any  two  diameters,  or  the  middle  of  any  diameter.  In  a  ParaUelo* 
MMkf  O  is  the  intersection  of  the  two  diagonals. 

ft).  Triangle,  Fig.  15.    G  is  at  the  intersection  of  lines  (as  oa  and  eA 
ni  from  any  two  angles,  a  and  c,  to  the  centers,  a  and  d,  of  the  sides,  b% 

Ne  are  now  treating  of  lines  only;  not  of  the  ourfaoes  boundeo  by  theA< 
sarliaoe8,Bee  mlea  (13),  etc^eto. 


,g|C 


FORCE  IN  BIOID  BODIES. 


and  ab,  respectively  opposite  to  said  angles.  Snoh  lines  are  called  "  medial  linesL  ** 
««-Ha«;    dek  =  Hcd;    /«- >^  6/ (/being  the  middle  of  a c). 
b 


_! |_|  _         ' 

'  a'     b'iP 

(14a).  Fig.  15.  Or.  on  eitner  one  of  the  sides  (as  a  b),  meeting  at  any  i __.  _. 

make  ao  ^H  ab.    Draw  o  p  parallel  to  the  other  side,  a  c.    Then  o  €(  >  ^  o  jn, 
and  O  is  at  the  interaection  of  o  p  with  any  medial  Une,  as  a  e,  ete. 

(146).  Fig.  16.     If  aa\  W,  ccf  and  GO'  are  the  distances  of  the  three  ooiw 
ners  and  of  O  from  any  straight  line  or  plane  aV;  then 
«G'  -  H  (oa'  +  66'  +  cc0. 

This  gives  us  the  position  of  the  line  of  gravity  G  G'.  In  the  same  way  we 
find  the  distance  G  G*  of  G  from  any  second  line  or  plane,  b*  e*.  This  shres 
us  the  position  of  a  second  line  of  gravity  G  G'.  €(  is  at  Uie  intersectaoa  of 
GG'andGG'. 

(14c}.  Fig.  17.  The  distance  O  n  of  O  in  any  direction  from  any  side,  as  a  c 
(extended  if  necessary)  is  ■"  H  the  distance  n*  h  measured  in  a  parmDel  direc- 
tion from  the  same  suie  to  the  opposite  angle,  6. 

h 


It  follows  from  this  that  the  thmteti  distance,  CI  o,  of  O  from  any  aide  (aa 
a  c)  is  -:  H  the  shortest  distance,  o*  6,  from  the  same  side  to  its  opposite  angle  6. 

It  follows  also  that  p  G  -  H  P  <>.  as  in  Rule  (14). 

(15).  Trapexiam  or  irapeaoi^l.  Fig.  18.  For  trapesoidB,  see  also  Riile 
(16).  Draw  tne  two  diagonals,  a  c  and  h  d.  Divide  either  of  them,  as  a  e.  into 
two  equal  parts,  a  m  andc  m.  From  6,  on  6  d,  lay  off  6n  *  d  •  (or  from  d  lay  off 
dn  —  b  »).    Join  mn.     €1  is  in  m  n,  and 

m  CI  »  H  fnn. 
(O  is  the  center  of  gravity  of  the  triangle  a  c  n). 


Kig.  la 


mis.  le 


(15a). 


Or.  Fig.  19.  find  first  the  centers  of  gravity,  m  and  y^  of  the  two  tri- 
angles, eb  d  and  ab  d,  into  which  the  trapexium  is  divided  by  one  of  its  diago- 
nab,  b  d.  Join  m  n.  Then  find  the  centers  of  gravity,  o  and  p,  of  the  two 
triangles,  dac  and  b  a  e,  into  which  the  trapesium  is  divided  by  its  ether  diago- 
nal, o  c.     Join  o  p.     Then  CI  is  the  intersection  of  m  »*ci'S°tf(f  OQ  l€ 
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B).  Tmpeaoid  •■l^T}  Fig.  20.  Ok  in  the  fine  «  /  Joining  the  eentera, 
if.  €)i  the  two  parmllel  aiaes,  a  b  and  c  d.  ^  To  find  ita  position  in  said  line, 
>ng  either  parallel  side,  as  a  6,  in  either  direction,  say  toward  i;  and  make 
)ual  to  the  opposite  side,  c  d.  Then  prolong  said  opposite  side,  c  d.  in  the 
site  direction,  making  dh  ~  a  6.  Jom  h  i.  Then  «  is  the  intersection  of 
nde/.     Or 


ef        2a±±e_d_,    -^e. 


sn 
3 


2a6+crf 
a6+cd 


Jl-*-.* 


7). 
7a). 


ralar  |^7ir«B*    CI  18  the  center  of  the  figure. 


,  Irre^alar  Mly^oa.  If  the  polygon  be  divided  into  any  two  por^ 
k  as  by  any  diagonal,  O  must  be  in  the  line  (of  gravity)  Joining  the  centers 
"avity  of  those  two  portions.  If  we  again  divide  the  whole  polygon  into 
other  parta  by  aruiUier  diagonal,  and  join  the  oenters  of  gravis  of  those 
parts,  €1  is  the  intersection  of  the  two  lines  of  gravity. 
7b),  Or  we  may  divide  the  polygon  into  triangles,  find  the  center  of 
ity  of  each  triangle,  by  Rules  (14),  etc.,  and  then  find  CI  by  general  Rule 
(2)  or  (6). 


mis.isi 


8).  Ctr««lar  ••«€•«,  aofte.  Fig.  21.    (Center  of  drele  at «). 
-        2        ,.  ^^ohordab       radius*  X  chord 

For  length  of  arc,  see  pp  179,  eto. 
I8a).  If  the  sector  is  a  ■•ztMit, 

c  «  -  radfais  X—  -  ndius  X  0.6366. 

w 

196).  If  the  sector  is  a  qoadraat,  Hg.  22, 

e  «  -  4  r^w  X  ^^-^'^  radius  X  a6002. 

o  w 

ex  »  xG  »  -^  radius  X . 

o  w 


iSe).  If  the  sector  is  a  Bemi-eircle, 


4  radius  X  —  -  radhis  X  0.424i. 
8  r 

m  (iq^proiimately)  radius  X  -ssr  . 


y  Google 
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(19).  Cl»0«lMr  MffiiMat, ao 6a,  Fig.  23.   (Center  of  Urele at <|. 

cube  of  chord  a  b 


eO  — 


12  X  area  of  segment 


(19  a).  If  the  segment  is  a  Minl«eircl«f 
8 


«o      -^ 


X  —  —  wdloB  X 

14 

88 


*  (approximately)  radioa  X 


tM).  Cyaold9Fig.24.   (Vertex  at  V). 


vG 


-12** 


(SI).  Parmbola,a6e,Fig.25.  ae      B^lff.SO 
Is  the  base;   ax  and  car,  ordinates; 
and  the  height  or  axis,  6x,  an  ab- 
scissa. Center  of  gravity  at  6»  in  the 
axis  X  6,  and 


xO 


-|.. 


All  ay.  Seinl-pMralMdA,  a  b  «  or 
efrx.    Center  of  gravity  at  O^,  and  / 


xQ 


-i.6, 


GO         —  J  <** 


laa).  AlllpMy  mnoA,  FiflL  28. 
ilupae  is  at  tfie  center  of  the  figure. 


28.    The  center  of  gravity,  c^  of  the  wl 


jTiff.  se 


O  Is  the  center  of  gravity  of  the  quarter  ellipee,  on& 
G'   •*  *•         "  «       "  half  **      nop, 

Q/rw  u  u  m        H      u  *•       mno* 

e^^  ^'09  X  —  *  a4244oe  —  (approximately)  -^  o& 
8  IT  •** 
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IS).  Amy  olaiM  Ikgmw*  Draw  the  figare  to  scale  on  ttont  card-board, 
i  it  oat  and  Dalance  it  in  two  or  more  positioos  oyer  the  edge  of  a  table  or 
a  knife-edge;  and  mark  on  it  the  several  positions  of  the  supporting  edge, 
lere  theee  intersect  is  the  center  of  gravity.  Considerable  care  is  of  course 
seaeary  to  obtain  very  close  results  by  this  method.  Before  balancing  the 
d,  its  upper  edges  should  be  marked  off  into  small  equal  spaces.  Otherwise 
rill  be  difficult  to  locate  the  positions  of  the  supporting  edge.  The  pap<>r 
which  the  figure  is  prepared  must  of  course  be  so  stiff  that  the  figure  will 
bead  when  balanced  on  the  knife-edge.    See  Rule  (6). 


B.   Snrflaecs  or  SoUda.* 

14).  Corred  snr&ce  •  of  aplMre  or  aplMvoid  (eilipaold).  G  is  the  oenttf 

the  figure. 


i5).  Curredsurface^of  anyapli«rlc»lmmae»asai.  _ 

etc..  Figs.  27.    O  is  the  center  of  the  axis  or  height^  a  o,f 


Fi«.ar 


M).  Right  or  oblique  prlam,  whose  ends  are  either  regular  figures 
Mtfallelograms  (this  includes  the  eube  and  other  paralleloplpeds)!  and 
Kt  or  obuque  evllnder  (circular  or  elliptic).    »irfaee*  (either  including 
h  or  excluding  both  of  the  two  parallel  ends).    G  is  the  center  of  tlie  axis, 
ine  Joining  the  centers  of  the  two  peuiillel  ends. 

IT).  Curved  surCace^f  of  righteone,  Fig.  28  (circular  or  elliptic),  or  slanting 
faees^f  of  right  regular  pjramld.  Fig.  29.  O  is  in  the  axis  oa  (the  line 
king  the  apex  and  the  center  of  the  base);  and 
oQ       '^Moa, 

n  an  cbUgue  cone  or  pyramid,  the  perpendicular  distance  of  O^  firom  the 

loftheper       ••     •     - 

does  notlieUitM  axU, 


«.-o„»,nHe>ipen.i.dU,.^..„..fieHi.Xoone„ap^* 


S8).  FmaCnms  with  fop  and  b.iae  parall*-!,  Figs.  80  and  81.  Carved  sur- 
»*t  <^  frnstum  of  right  cone  (circular  or  elliptic);  or  slanting  BnrfaoPS*t  ol 
•Com  of  right  regular  pyramid.  O  is  in  the  axis  o  a  (ths  line  JoiniDir  the 
ters  of  the  two  parallel  ends) ;  and 

^  Q  ^  i.  ^ ^  >.  circumference  of  o  +  2 circumference  of  q. 
3  circumference  of  o  -f  circumference  of  a. 

■We  treat  now  of  the  tHrfacet  of  solids,  not  of  their  contents  or  Tolumes  o< 
ights.    For  these,  see  Rules  (29),  etc 
If  the  top  or  base  is  to  be  Included,  see  Rulee  (1)  and  (^  igtized  by  ^OOg  IC 
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In  the  conic  flnutmn.  Fie.  30,  we  may  use  the  radii  of  the  two  ends;  tn 
In  the  ttmgtwuok  of  a  renur  pjrimmldy  Fig.  81,  any  side  of  each  end  (i 
be  and  d  e)  instead  of  the  clrciunferenoeB. 


I 


ITig.  30 


Fi«.31   ® 


In  the  following  mles  for  oenter  of  grayity  of  solida,  the  solid  Is  i  _^ 
to  be  homogeneous;  i.  e.,  of  uniform  density  throaghoat;  so  that  the  cenn 
grxtvity  is  the  center  of  nuignitude  or  of  volume. 

(99).  Splicre  and  spheroid  (cUlpsotd)*    O  is  the  oenter  of  the  body. 

(30).  Henatoplfcere,  Fig.  32.   (Oenter  of  sphere  at  e)-   Height  c  T  —  ndiu 
c6.    O- is  in  the  axis,  6 T,  and 


cO 


4eT 


—  -T  tadios  eh 


(81)«  Spherical  sector^  Fig.  33.    (Oenter  of  sphere  at  e). 


Fiff.  34 


(33).  Spbertcal  segment,  a  n>  &  T,  Fig.  34.   Center  of  ephere  at  c   (^nte 
•f  6<U0  at  m.    Rise  or  height  of  segment  —  m  T  ~  A.   O  is  i n  the  axis  m  T ;  aD< 


3^  ^  (2  radina  c  b  of  ephere  ^  height  hfl 
3  radius  cb  of  sphere  —  height  h 


eO- 


^q_  height, A 


2  (radius  tnb  of  base')^  +  (height,  A)> 


3  (radius  rnb  of  basey*  +  (height,  A)* 
^  height,  A  4  X  radius  c  ft  of  >pA<rs  —  height,  A 
"■         4  3  X  radius eb  of  sphers  ^  height^*  * 


(33).  Bplicrtcal  Bonc,  Fig.  35. 

«        ot^       2(radinsoftof  base)*  +  4(radla8  tcof  top)«  +  (hetghtoQi 
o»—    2     ^  3(r»diuso6of  base)*  +  8(radins Jcof  top)«  +  (heightof)* 


and 

."Kh 
of  gravity  of  the  two  ends. 


jo 

Digitized  by  LjOOQ  IC 
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(S4  a).  A  flat  bodjr,  sach  as  an  iron  plate,  etc,  maj  be  treated  as  a  yety 
short  cjlinder  or  prism.    See  (34) 

(85).  Unir»l*  of  a  cylinder,  oiroolar,  or  elliptic  (proTided  ooe  of  the  Azef 
•f  the  eUipee  coiocidee  with  the  obUqne  eottmg  pUne);  right  or  otUaoti 
Figs.  36  and  37. 


T«et  O  T  be  the  axis  Ooiaing  the  oenters  of  grarity  of  the  ends),  and  X  N  • 
One  drawn  parallel  to  the  axis,  in  the  plane,  A  B  C  D,  passing  through  the 
axia  and  throagh  the  uppermost  and  lowermost  points  C  and  D  of  the  obUqae 
catting  plane.  Then  the  position  of  G  in  the  plane  A  B  0  JD^  la  ftMind  thnai 

OX      -21v-»_. 
XO      -^      .j(2h  +  a  +  |^-^). 

(30a),  FiffsSSandSO.  If  theobUqae  planeCD«ie0/4thebaM,AB,a*  A,tc 
that  A«- 0^  wnile  C  D  remains  a  complete  ellipse  or  circle,  this  beoomes 


A  O  X  B 


£%»»3e 


ox    -S^, 


XO 


XV 


-V   -A' 


(86).  Cone,  Figs.  40  and  41,  clrcalar, 
elfiptic,  etc^  right  or  obliqne;  or  vyn^ 
mid,  regular  or  irregolar*  rignt  or 
oblique.  The  center  of  gravity  O  is  in 
the  axis  O  T,  drawn  from  the  apex,  or 
top^  T,  to  the  center  of  grarity  O  of  the 
tMc;  and 

oo     -^. 


l''i«.  40 


Fig.  4a 


(37).  Frustum  of  a  cone.  Figs.  42  and  43,  circular  or  elliptic,  right  or 
oblique;  or  of  a  pynunid,  regular  or  irregular,  right  or  oblique;  provided  tha 
Uro  ends  A  B  and  C  D  are  panUleL 

Oall  the  area  of  the  large  end  A,  and  that  of  the  small  end  a  ;  and  lei  A  ba 
ftabei«EhiOZof  theflrastam,«iea«ttredatoiH7<(«ax<s.    Then 

.jigitizeclbyVvjOOglC 


'idS 


FORCB  IS  RIGID  BODlBb, 


Trig.  ^3 

O  is  in  th*  ails  O  Z,  which  joins  the  centers  of  mvity  O  snd  Z  of  the  t«« 
ttbds;  vid  m  diBtancQ  from  the  bsM,  A  B^  meamreaaUmg  tke  axtt^  is 

A    ■>•     8  /aT 


oo    -     ^ 


+    8» 


A    + 


•aI 


^ In  «  ^^Rtnm  of  a  droolar  cone,  right  or  oblique,  with  puttlM 

ends,  this  becomes 

OO 


(8To> 


-     T    ^ 


Ri    +    aRr    +    Sr* 


Ri    +       Rr    + 


irhere  R  and  r  ere  the  radii  of  the  large  and  small  ends  of  the  flrastoni 
respectively, 
(3ft).  Fig^  44  and  45.    Frastam,  A  B  C  D,  of  a  oone,  circaiar,  elliptio, 

*tc.,  ripe ht  or  oblique-  —  '"  • 

whtth*r  the  eoJa 

N  of  the  enftrtf  p>.- -  v  *  — — » -y  -->  .---«-»-!.  ,. 

frustum  fom^M  the  lower  |jart:  and  the  center  of  gravity  S  of  the  smaller 
pyrftfnlfl  or  cijii©  D  C  T  (—  entire  pyramid  or  cone,  mioos  the  frustum).  Also 
find  ^h&  volwii4t  of  each ;  thos. 


4  and  45.  Frastam,  A  B  C  D,  of  a  oone,  circuiar,  elliptio, 
>liqup ;  or  of  a  pyramid,  regular  or  irregular,  right  or  oblique; 
1  Ja  ar*>  pamllel  or  not  By  rule  (36)  find  the  center  of  ^rarity 
i  pymintii  (i-r  cone,  as  the  case  may  be)  A  B  T,  of  which  the 


Tclnme  of  pyramid  i 


area  of  base  X  perpendicular  height 
8 


Votame  of  Tolume  of  volume  nC 

the  frustum    —    entire  pyramid    —      amaller 
A  BCD  or  cone,  A  BT  one,  DOT 

Then  the  center  of  graf  ity  G  of  the  fhistum  A  B  C  D  Is  in  the  axtensioB  of 
the  line  a  Nj  and  yoigme  of  smaller  pyramid  or  cone,  DOT 

NO    -    8N    X  Tolume  of  Ihistum,  A  B C D 

C39).  Farabolold.    a  to  to  the  axis,  and  at  Mie^ttiirt  of  to  length  ftwi 
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UNE  OF  PBESSUBE. 
CENTER  OF  FOBCE  OB  OF  PBE88UBB. 

Position  of  Besultant. 

133.  In  tt  133  to  154  we  discuss  the  position  of  the  resultant,  or  line  of 
resBure,  of  a  system  of  parallel  forces  acting  against  a  surface.  For  tbe 
bangee  in  that  position  within  a  structure,  due  to  the  action  of  non-paralld 
ircea,  see  Arches,  Dams,  etc.,  \\  251,  etc. 

134.  In  a  system  of  parallel  forces,  acting  against  a  surface,  the  line  of 
reasnre.yOr  pressure  line,  is  the  position  of  the  resultant  of  the  forces;  aad 
be  center  of  force  or  center  of  pressure  is  the  point  where  the  pressure  line 
leets  that  surface  against  which  the  forces  act. 

135.  If  the  lengths  of  the  lines  which  represent  the  forees  be  taken  as  rep- 
Bsmting  weights,  to  scale,  then  the  podtion  of  the  preosure  line  is  the  line  of 
ravity  (9ee  (5).  5  131)  corresponding  to  thoee  weighta. 

136.  Thus,  in  Fig.  55  (a),  ^  117,  if  the  three  forces,  a,  h  and  e.  be  taken 
■  weights,  represented  to  scale  by  the  arrows,  a,  b  and  e,  respectively,  then 
lie  resultant  K  of  the  three  forces  occupies  the  position  of  the  line  of  gravity 
r  the  three  weights. 

137*  Again,  in  a  mass  of  sand.  Fig.  61,^  with  an  irregular  surfaoe,  we  may 


Fis.  •!. 


ippoee  the  mass  to  consist  of  innumerable  vertical  columns  of  sand,  of 
ifferent  heights.  lOid  exerting  pressures  proportional  to  those  heights.  Here, 
lao,  the  pressure  line  is  the  vertical  line  of  fravitv  of  the  mass,  and  the  cen- 
ir  of  pressure  against  the  base  of  the  oontaming  Ex>x  is  the  point  where  said 
ressure  line  meets  that  base. 

138.  Although  we  are  usually  concerned  with  forces  acting  against  9ur- 
ic«»,  so  that  the  lines  representing  the  forces  form  a  solid  and  not  merely  a 
urface.  yet.  in  a  majority  of  the  cases  which  occur  in  civil  engineering,  we 
lav.  for  convenience,  r^^ard  the  forces  as  concentrated  in  a  single  plane, 
nd  therefore  as  acting  against  a  mere  line. 

139.  Thus,  in  the  case  of  an  arch,  pressing  against  its  skewback,  the  pr^3- 
ure  is  ordinarily  distributed  over  all  or  a  considerable  part  of  the  bearing 
arfaoe  of  the  skewback;  but  we  may,  for  convenience,  regard  it  as  conccn- 
rated  in  a  single  plane,  midway  between,  and  parallel  to,  the  two  faces  i>f 
be  arch. 

140.  Similarly,  in  the  case  of  the  water  pressure  against  the  back  of  a  dam 
or  against  a  small  strip  of  the  bcMsk,  extending  from  the  ^vater  surface  to  thc3 
ottom,  or  to  any  other  depth),  the  water,  of  course,  preeses  upon  the  entire 
urface  of  such  strip;  but  we  may,  for  convenience,  regard  the  pressure  aa 
oncentrated  in  a  vertical  plane  normal  to  the  back  of  the  dam  and  meeting 
i  in  the  vertical  axis  of  the  assumed  strip. 

141.  We  have  just  seeii  (5?  138  to  140)  that,  when  a  system  of  parallel 
tressures  acts  against  a  sorface^  the>r  may  often  be  assumed  tc  act.  in  o  .e 
»lane.  against  a  single  lin^ — vis.,  the  intersection  of  that  plane  with  the  but- 
Kce.  It  also  fre<^uently  happens  that  such  forces  are  so  distributed  alons 
bat  line  that  the  lines  representing  the  forces  are  either  of  equal  length  or  oj 
ingths  increasing  uniformly  from  one  end  of  the  line  to  the  other. 


*Folkming  Fig.  60.  of  Parallel  Forces,  Y  124.     Fios.  1  tc  45,  illustrating! 
ienter  of  Gravity,  are  numbered  independently  of  the  rest  of  the,  series  ul 


gures  relating  to  Statics. 


yLjOogle 
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142.  Thus,  in  the  case  of  water  restinir  upon  a  horisontal  sorfatoe.  Fi^.  6^ 
the  pressure  is  uniformly  distributed,  and  the  diagram.  Fig.  (fr).  representina 
the  pressures,  is  a  rectangle  bounded  by  a  horisontal  line,  and  its  oento'  of 
gravity.  G,  is  at  the  center  of  the  figure.  Hence,  the  center  of  preasureb  e,  is 
at  the  center  of  the  line  a  b,  or  /. 

Here  the  unit  presBure,  p,  is  uniform,  and  R  ■*  p  I. 


^ 


(a) 


lilt.   i 

•            0               1 

P(b) 


Fiir*«^ 


''■'Xay 


Fi«.  es. 


143.  But  when  the  water  presses  horisontally  against  a  Tartieal  or  in- 
elined  surface,  a  d,  Fig.  63^  the  unit  pressure  increases  uniformly  from  aerow 


at  the  water  surface,  b,  to  a  max  at  the  bottom,  a  ;  and  the  hor  pressures 
Fiff.  (6),  by  the  ordinates  of  the  triangle  V  a*  a.     Since 
through  the  center  of  gravity,  Q.  of  the  triangle,  the 


are  represented,  in  Fig 

the  restiltant  passes ^._   ..     ._  „ .  ^,  __     .^ ^_. 

center  of  pressure,  c,  is  at  such  a  depth  that  ca  ^  ^  ah,  and  c'  a'  —  i  A. 
See  Rule  (14  c)  under  Center  of  Gravity. 

Here  the  mean  horiiontal  unit  pressure,  p.  is  half  the  m»Timwm  horisontal 
pressure  at  a,  and  the  total  horisontal  pressure  is  ■«  p  A. 


144.  Again,  if  we  consider  only  the  water  pressures  against  a  certain  fiori; 
a  b.  Fig.  eA,  of  the  depth  of  the  back  of  a  dam,  the  diagram.  Fig.  (6),  repre- 
enting  the  horisontal  unit  pressures,  becomes  a  trapesoid,  composed  of  a 
ralleiogram  V  f,  and  a  triangle  1/  c^  d,  with  their  centers  of  gravity  at  g 
1  if  respectivetv;  and  the  center  of  pressure,  c,  on  a  6,  is  opposite  tbsir 
nmon  center  of  gravity  (center  of  gravity  of  trapesoid),  G.  If  ii  be  tha 
rtical  depth  of  the  portion  considered,  then 

.    ,        h        2VB^a'f 

See  Rule  (16)  under  Center  of  Gravity.    See  also  Center  of 
under  Hydrostatics. 
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145.  Conversely,  if  two  surfaces,  as  those  of  a  masonry  joint,  are  in  sueh 
ontact  that  the  pressure  is,  or  may  be  regarded  as.  re^^ariy  distributed, 
md  if  the  porition  of  the  resultant  is  known,  the  rectuinear  figure,  represent- 
ing the  distribution  of  prassurs,  may  be  drawn  by  nwans  of  the  priaciples 
just  sUted.  ^.^.^.^^^  ^^  L^OOg le 
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Ua.  In  Figs.  65  to  68  indurive,  let 

0  -  the  center  of  the  joint  a  h  between  the  two  surfaces; 
A  -  the  total  pressure  —  resultaot  of  all  the  prenurw; 

c   -  point  of  application  of  resultant,  R; 

1  »  a  6  -  the  Inicth  of  the  joint; 

s  -  o  e  —  the  distance  of  the  center  of  pressure  from  the  center  of  the 
joint; 

y  —9-  —  X  —  ac  —  distance  of  center  of  pressure  from  nearest  end  of 


2 
joint; 

•  the  mean  unit  pressure  -* 


1' 


p»  —  the  maximum  unit  pressure; 
pb  ••  the  minimum  unit  pressure. 

5  H7  to  154  apply  equally  whether  the  surface  is  horisontal,  vertical  or 
and  whether  the  forces  are  normal  or  inclined  to  it. 

147.  If  X  is  not  greater  than  — ,  or,  in  any  case,  if  the  joint  is  capable  of 
.  .  o 

snstwining  tension,  as  well  as  compression,  we  have: 

MsTimnm  unit  pressure  ■■  pw  ^  P  (1  +  -7-): 
Minimum  unit  pressure  =*  Pb  ■*  P  (1 1-). 

If  X  exceeds  -^,  and  if  the  joint  is  Incapable  of  resisting  tension,  see  5T 
151. 152,  154. 


148.  Demonstration.  In  F!g.  66,  where  the  parallelogram  a'drepf^ 
Hsts  the  total  pressure  R  as  H  would  be  if  untformiy  distributed  alioi«  ^  ws 
«w  that  the  moment  of  R,  about  o.  which  changes  the  parallelogram  a'd  mto 
tbetrapesoid  a'  b'  n  m,  ip  equivalent  to  a  couple  (see  Couples.  ^  155,  etc.) 
composed  of  two  forces — via.,  a  pressure.  /  (not  shown)  distributed  over  o  a 
ud  represented  by  the  sHnded  triangle  on  the  left,  sod  a  tension.  —A  or 
<™ninutioD  of  pressure,  distributed  over  o  h  and  represented  by  the  triangle 
on  the  right.  The  forces.  /  and  — /.  act  through  the  centers  of  gravity  of 
thsae  two  triangles  lespeetaviely;  and  Hm  diotaaee  of  saeh  of  theee  centers 
of  (ravity  from  the  center,  o,  of  the  joint,  measured  parallel  to  the  joint, 
fi«|..A  Henos  the  distance  betweenthe  two  centera  of  gravity.  mea*i 
3      2 
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21 
ured  parallel  to  the  joint,  is  =i  -r-.    Let  x  be  the  eccentricity,  e  o.  of  ft. 


3 


measured  along  the  joint,  and  let  Ab  and  Ao  (not  shown)  be  the  lever  arma 

of  R  and  of  the  couple,  respecti> -  . .       .   . 

Then,  since  R  is  parallel  to  /  and  - 


le  couj^le,  respectively,  about  the  center,  o,  of  the  joint. 
/,  A«  to  Ac,  and  x  to  /,  we  have: 

A«  :  Ac=x:— . 

If  R  is  normal  to  the  joint,  we  have:  Ab  «:  x;  and  Ao  "■.,-. 

3 


(»)j 


Flir*  <MI  (repeated). 


Fis.  6«  (repeated). 


Now 
Hence, 


moment  of_R  _  R.  Am 
arm  of  couple  ~      Ao 
R.  X       R    3x  3x 


3 


The  mean  additional  pressure  on  o  a  (or  mean  tension  on  o  6)  is  —  -^ 
and  the  corresponding  maximum  additional  pressure  is 

4      3x  6x 


I 


-  p 


I  ' 


) 


Now  A  -  p  +  /.  -  p  +  p  ?^  -  p  (1  +  ?^) 

and  Pb  -  P  —  /.-P  —  p-^-p(l p). 

149.  If,  as  in  Fig.  65,  the  center  of  pressure,  c,  b  at  the  center,  o.  of  the 
rface,  we  have  x  -•  o  c  —  zero,  and  the  pressure,  R,  is  uniformly  distrib* 
ed  over  the  surface. 

150.  "  The  Middle  Third."     If.  as  in  Fig.  67,  x  =  ^—i.  «..  if  the  re^ 

o 

sultant,  R,  of  all  the  forces,  meets  the  surface  at  the  edge  of  the  middle  third 
of  that  surface,  then  p^  -  2  p  ;  and  pt  -  0.     See  It  143  and  148. 

151.  When,  as  in  Fig.  68  (a),  x  exceeds  .-. — t.  e.,  when  the  center  of  prea- 

o 
sure,  c,  falls  bevond  the  middle  third  of  the  surface  of  pressure,  a  portion, 
«  6.  of  the  surface,  is  in  tension,  the  maximum  tension,  p^.  Fig.  68  (fr), 

being  —  p  (1 j)  as  above;  maximum  pressure  =-  p  (1  +  -y ),  and  total 

pressure  on  a  •  >»  ''^  '^—   —  R  pfus  the  tension  in  «  fr ;  but  if,  as  usually 
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yeas  in  masonry,  the  snrfaoes  are  incapable  of  reiristtng  tension,  the  total 
sure,  R,  is  aimply  concentrated  upon  a  portion  a  v,  Fig.  68  (a),  of  the  sur- 
,  a  V  being  —  3  y. 

Then,  mean  unit  pressure  on  a  v  ■■  —  ■■  = — ; 

a  V       o  y 

^       ^3y       ^3y 


Fiff.er. 


FliT-  •&• 


S2.  Hence,  in  a  joint  incapable  of  sostaining  tension.  Fig.  68  (e).  if  pw  * 
-  is  the  maxlmnm  permissible  xmit  stress,  the  distance  a  e,  from  the  oen« 
3f  pressure^  e^  to  the  nearest  end  of  the  joint,  must  not  be  less  than  y  •• 


53.  If  the  joint  can  resist  tension.  Fig.  68  (&),  we  substitute,  in  the  equa- 
.  A  ■■  P  (1  +  -T^.  the  value  of  x  -  -5  —  y,  and,  solving  for  y,  we  havt 

"        3  *       6  p* 

54.  The  influence  diagrams,  Fig.  60  (see  tt  839,  etc.,  and  Tnissee, 
79,  eto.)f  show  the  changes  in  the  maximum  and  minimum  unit  pres- 
so,  ]\  and  Pbt  as  the  center  of  pressure,  c,  recedes  from  the  center,  o,  ol 
ioint.  The  diairrams  are  constructed  for  a  mean  unit  pressure,  p,  of  1. 
be  surfaces  of  the  joint  are  capable  of  sustaining  tension,  every  part  of 
joint  always  sustains  either  pressure  or  tension;  and  (see  dotted  uneif^iv. 
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Fig.  69)  the  mazimum  unit  preasure,  a  —  P  d  +  -f-)t  BBt  %  14A,  iaereasi 

proportioaally  with  x;  beooming  —  4  p  =  ~j-  when  e  reaches  the  end,  < 

X  \  2  B 

of  the  joint,  and  when  -j-  —  -2~'    Th®  ™**  tension,  p^,  is  then  —  2  p  —  —j— 

But  if  the  surfaces  are  incapable  of  sustaining  tension  (see  solid  lines,  Fi| 
6^>,  the  increase  of  j\  is  proportional  to  x  only  so  long  as  z  <  .*  t — u  e.,  a 

D 

long  as  the  resultant  of  all  the  pressures  falls  within  the  middle  third  of  tfa 
baRc  a  b.  When  that  limit  is  exceeded,  the  maximum  unit  pressure,  n 
begins  to  increase  more  rapidly  than  does  the  distance,  x,  of  c,  from  tfa 
cf'nter,  o,  of  the  joint,  the  diagram  becoming  a  rectangulitf  hyperbola;  a 
that,  if  the  resultant  could  be  actually  applied  at  the  very  edge  of  th 
loioi,  the  unit  pressure  there  would  become  infinite. 


Values  ofao^oe  ^^distanee  firam 
€enterofJoitU  to  center  ofpreseure 


covnjss. 

155.  Couples.  Two  equal  parallel  forces,  p  and  g,  or  p*  and  q'.  Fig.  70,^ 
of  opposite  sense,  are  called  a  couple.  A  couple  has  no  tendency  to  moiw 
the  Dody  t  AS  a  whole  in  any  straight  line.  In  other  words*  the  two  forces, 
lorming  a  couple,  can  have  no  resultant.  Their  only  tendency  is  to  make  the 
ht:tdy  revolve  about  its  center  of  gravity,  G.  and  in  the  plane  of  the  eoupto 
^1.  tf.,  the  plane  in  which  the  two  forces  lie.  A  body  with  a  fixed  axis  can 
rvvolve  only  in  a  plane  normal  to  that  axis.  The  actual  plane  of  rotation  of 
a  free  body  depends  upon  the  distribution  of  mass  in  the  body,  and  is  not 
ceoessarily  the  plane  of  the  couple. 


*  Figs.  70  to  75  are  supposed  to  be  seen  in  perspective,  and  the  forces  art 
■upposed  to  act  in  the  planes  shown. 

t  See  foot-oote  (♦),  ^  L  i    r^,^n\r> 

"  *   '1     •  rjigitized  by  V^OOQ  It 


COUPLEB. 


405 


15S.  The  moment  of  a  eonple  is  equal  to  the  product  of  one  of  tl» 
4«o  fcweea.  jp  or  ^  into  the  perpendieular  distaaee,  d,  between  the  two  foroec 
Or.  in  our  nguro^ 

moment  of  oouple  ^  p  ,d  ^  q.d. 

157.  Graphic  Kepresentatlon  of  Couples.  A  oouple.  M  or  N,  Fi0. 
7D,  IB  indicated,  in  amount,  in  direction  and  in  seiue,  by  a  line,  L  or  L'. 
Bormal  to  the  plane  of  the  couple,  ao  placed  that,  looking  along  it  toward 
that  plane,  the  couple  appears  positivo  or  right-handed,  and  of  such  lenccth 
■a  to  reprasent,  by  scale,  the  moment  of  the  oouple.  In  Fig.  70.  the  two 
eooples  M  and  N  are  of  opposite  sense.  Hence  the  lines  L  and  L',  repre* 
aenunc  them,  project  in  opposite  directions  from  their  respective  planes. 


^ 


% 


(») 


<^^^ 


Jr/ 


^^ 


Fi«.  7«. 


Fiir«  71. 


158.  Composition  of  Conples.  If  the  lines.  L  and  I/,  Fig.  71.  rspr^ 
seat  two  oouples,  in  acoordance  with  Y  157,  then  the  line  R,  completing  the 
tnan«lew  ^^U-  ui  the  same  way.  represent  their  resultant  or  anti-resultant. 
As  drawn,  with  its  arrow  fcUtnoino  those  of  the  other  two  sides,  it  reprefleots 
their  aa/i-resultant.  For  their  resultant,  the  arrow  on  R,  and  that  indirating 
the  directioa  of  rotation,  must  be  reveraeo. 


JBaoallty  of  Couples.    Twoooaples,  M  and  N.  in  the  same  plane. 

Fig.  73  or  Tig.  73»  or  in  parallel  planes^  Fig.  70,  ars  equal  if  their  moments 
are  equal,  whether  or  not  the  forces  of  ons  oiF  the  couples  be  equal  or  parallel 
to  those  of  the  other.  la  Fi/ir.  73,  the  two  eouple^b  M  and  N,  are  of  like  sense; 
in  Fiffk  70  and  7%  of  opposite  sense. 


Fiir«79. 


FliT.  7S. 


ISO*  Since  a  couple  has  no  resultant  (T 155),  it  can  have  no  antS-resultant; 
t.  e.,  no  single  force  can  balance  a  couple  and  thus  preserve  equilibrium. 
(But  see  ^  168.)  To  do  this  requires  an  equal  and  opposite  couple.  Thu& 
m  Fig.  72  the  couple  M  is  balanced  by  the  equal  an4  opposite  couple  N.  I^ 
asmFig.  72,  the  two  oouples  are  in  the  same  plane,  and  if  we  find  first  the 
resultant  of  either  pair  of  non-panUlel  forces,  as  p  and  p\  and  then  thoss  of 
the  other  pair,  ^  and  4^  we  shall  find  these  resultants  equal  and  opposite 
ip^^ptpiwiwg  equifibrium. 

161.  Aii7^eoaple»  as  M.  Hg.  72,  mar  be  repUced  by  any  other 
equal  coaple^  N,  m  the  same  plane  or  in  a  parallel  plane,  and  of  Uke  sense. 

168.  Iff.  to  a  foresL  P.  Fig.  74  (a),  we  add  a  eouple,  H.  Fig.  74  (6),  la 
tbs  same  plane  with  the  force,  we  naay  xeplsoe  the  couple^  H,  l>y  *>^  equal 


and  like  ooopkk  N,  Fig.  (c),  composed  of  the  forces,  — PandK  each  -  P, 
placing  — P  opposite  P.  as  shown.  Then  P  and  ~P  counteract  each  other,  and 
ws  bars  left  only  P',  equal  and  parallel  to  P;  and,  since  ^drTTxH^  w®  t^ve 


**gST©OT)^^ 
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d  "  —.    In  other  words,  the  efiFeot  of  the  addition  of  the  couple*  1C»  Fig.  (b\ 

P  ^ 

to  the  force,  P.  is  simply  to  shift  the  line  of  action  of  P.  parallel  with  itaelf, 
throui^h  the  distance,  d.  If  the  couple  M  is  left-handed,  as  in  the  figure.  P 
will  be  shifted  to  the  right  (looking  in  its  own  direction),  and  vice  versa. 

163.  Conversely,  the  force.  P'.  Fig.  (c),  is  equivalent  to  the  oombinatioD 
of  force  P  and  couple  M,  Fig.  (b). 


164.  Again,  having  only  the  force  P',  Fig.  (e),  if  we  apply,  at  a  diatanee, 
(f,  from  P',  the  two  opposite  forces,  P  and  --P,  each  equal  and  parallel  to  P', 
we  shall  thus  substitute,  for  P',  the  equal  and  parallel  force,  P,  and  a  ooupla 
-  Pd  -  M. 

165.  Hence,  also,  the  combination  of  the  force  P  and  the  couple  M,  Fls. 
(b),  is  equivalent  to  the  combination  of  the  force  P  and  the  couple  N.  Fis. 
(c). 

166.  If  the  moment  of  the  couple,  M,  Fig.  (b),  or  N,  Fig.  (c),  be  equal  and 
opposite  to  the  moment  of  the  force  P  about  the  center  of  gravity,  G.  of  a 

body,  we  have  d  -•  p  ■*  distance  from  P  to  Q.     In  other  words,  the  effect  iJ 

such  a  couple  is  to  shift  the  force,  P,  parallel  with  itself,  to  a  line  paasi  ^ 
through  the  center  of  gravity.  G. 

167.  Hence^  the  effect  of  a  force,- P,  Fig.  (a),  applied  to  a  body  at  a  dis- 
tance, d,  from  its  center  of  gravity,  G,  is  equivalent  to  the  combined  effect  of 
an  equal  and  parallel  force,  P',  Fig.  (c),  applied  at  the  center  of  gravity,  and 
a  couple  (as  M,  Fig.  b)  —  Pd,  and  of  like  sense,  applied  to  any  part  of  the 
body  m  a  plane  parallel  to  P  and  P  • 

168.  It  will  be  seen  that,  although  (^  160)  no  single  force  can  balance  a 
couple  and  establish  equilibrium,  yet.  if  a  force,  P.  be  so  applied  that  its 
moment,  Pd,  about  the  center  of  gravity,  G.  of  the  body,  is  equal  and  oppo- 
site to  the  moment  of  the  couple,  it  will  counteract  the  tendency  to  rotation, 
due  to  the  couple,  and  substitute  for  it  a  motion  of  translation  only. 


Flff.  75. 

169.  Thus,  in  Fig.  75,  where  the  force,  p.  acts  through  the  center  of 
gravity,  G,  of  the  body,  let  a  force,  — q,  equal  and  opposite  to  o,  be  applied 
in  the  same  line  with  it.  Then  rotation  will  be  prevented,  and  the  body  will 
move  *  under  the  action  of  p  (—  the  resultant  of  the  three  forces),  which  acts 
through  the  center  of  gravity,  G,  of  the  body.  The  rotation  will  similarly 
be  prevented  if  a  force  lest  than  q  be  applied  farther  from  G  than  9  is ;  or  if  a 
force  greater  than  ^  be  applied  nearer  G  than  q  is;  provided  always  that  the 
moment  of  said  third  force,  about  G.  be  equal  and  opposite  to  that  ot  the 
couple  p  a.  But  in  the  first  case  the  resultant  of  the  three  forces  (being  alwa>i 
equal  to  the  third  force)  will  be  less,  and  in  the  second  case  greater,  than  p. 

170.  If.  to  a  couple,  be  added  a  third  force,  colinear  with  one  of  the  forces 
of  the  couple,  we  have  the  case  of  two  unequal  parallel  forces  of  opposite 

Bee  K  112,  under  Parallel  Forces. 


♦  See  foot-note  (♦).  \:M^ze6  by  L^OOglC 
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179  a.  Momenta  of  Couples.  The  two  equal  and  parallel 
forees,  P  and  P*.  Fig  A,  in  qppodte  directions,  form  a  clockwise  couple 
^  PL  '^  P'L,  where  L  —  the  distance  between  the  lines  of  action  of  the 
f(wres.  Takins  the  moments  of  the  forces  about  any  point,  as  A,  B,  C  or  D, 
and  considering  chdcwiae  moments  as  powilive,  we  have 

Pwi  —  P'n   -  .P  (m  —  n)   -P'«  —  Pr  =  P  (»  —  r) 
-Pf   +  P'tt-P(/  +  tt)-PXO  +  P'L-PL-  P'L. 

In  other  words,  while  the  moments.  Pm,  Pr,  etc.  of  the  force9  are  different 
for  different  points.  A,  B,  etc,  the  moment,  PL  —  P'L,  of  the  couple  a  the 
tame  for  all  points. 


Fi«r. 


Fl«.  B. 


Thus,  suppose  the  beam.  Fig  B,  to  be  divided  by  a  vertical  section  at  4. 
The  right  se^^ment  is  acted  upon,  at  Section  4,  by  a  downward  force  —  load 
—  left  reaction  =-  JM)  —  10  —  10;  and,  at  6,  by  an  upward  force  —  right 
reaction  **  10.  These  forces  form  a  left-hand  couple,  with  moment  —  2  X 
10  »  20.  The  left  segment  is  acted  ui>on,  at  0,  by  the  left  reaction  «  10; 
at  3,  by  the  load  —  20;  and,  at  Section  4,  by  the  right  reaction  —  10. 
Combimng  the  two  reactions,  we  find  their  resultant.  —  10  +  10  —  20. 
at  2  (midway  betw  0  and  4),  forming,  with  the  load,  20,  a  right-hand 
eouple,  with  moment  —  1  X  20  —  20. 

At  Section  5,  by  a  similar  process,  we  find  couples  with  moments  —  10, 
and,  at  Section  3,  couples  with  moments  —  30.  Thus,  altho  the  moment 
nf  a  couple  is  the  same,  about  whatever  point  momente  be  ta.ken,  yet,  in  a 
beam,  under  a  given  set  of  forces  arranced  in  a  given  manner,  the  moment 
varies  from  point  to  point;  because,  in  that  case,  the  couplet  are  different. 

As  the  tendency  to  rotation,  at  any  section,  is  thus  seen  to  be  caused  by 
two  equal  and  opposite  couples,  acting  upon  the  two  segments  respectively; 
so  the  tendency  to  rotation  is  resisted  by  two  equal  and  opposite  couples, 
due  to  the  internal  stresses  of  the  material,  and  acting,  in  the  section,  upon 
the  two  segments  respectively. 


i 
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FBICnON.* 

17 1.  When  one  roog^  body  rests  upon  another,  the  projectioDB  and  de- 
pressions, forming  the  roughnesses  of  their  surfaces  of  contact.  Interlock 
to  a  sreater  or  less  extent;  and.  in  order  to  slide  one  over  the  other,  we  must 
Txpend  a  portion  of  the  sliding  force,  either  in  teparatijig  the  bodies  (as  by  iift- 
iog  the  upper  one)  sufficiently  to  clear  the  projections,  or  in  breaking  ofT  some 
of  the  projeetioiie  and  clearing  the  others. 

172.  Even  the  moet  highly  polished  flat  surface,  aaxy.  Fig.  76,  is  no<  (as  it 
appears  to  the  eye)  a  plane,  but  is*  in  fact,  a  more  or  less  jagged  surface,  as 
would  appear  under  a  sufficiently  powerful  mieroecope ;  so  that  the  force,  a  b, 
instead  of  forming  the  apparent  angle,  ab  z,  with  one  smooth  surface,  x  y,  of 
appUcation,  really  becomes  a  series  of  parallel  forces,  aae,d  and  e,  which  form 
o(W  angldff  with  a  number  of  surfaces,  mm,nn.  etc.,  of  apprfication.  inclined 
(often  in  different  directions)  to  the  general  suriface,  x  y,  as  shown.  Among 
these  surfaces  may  be  some,  as  m  tn,  at  right  angles  to  the  applied  force;  and. 
the  force  e  will  be  imparted  to  them  in  its  original  direction,  although  applied 
Mimuiy  to  the  apparent  surface,  x  y.  In  the  case  of  the  two  forces,  d  and  e, 
apiMied  to  the  surfaces,  n  n  and  «  «,  if  the  sliding  tendencies  along  the  two 
sorfaoes  are  eqxtal  and  act  in  oppoeition  to  each  other,  the  combined  resistance 
of  the  two  suriFaces.  n  n  and  «  «,  is  directly  opposite  to  the  forties,  as  would  be 
that  of  a  single  surface  at  right  angles  to  those  forces. 


Ftff.  76. 


173.  It  is  of  course  entirely  out  of  the  question  to  ascertain  the  exact 
resistanee  of  each  such  microscopie  projection  in  any  given  case.  Instead  of 
this,  we  find  by  experiment  the  combined  resistance  which  aU  of  the  projec- 
tions, in  a  given  case,  oflfer  to  the  sliding  force,  and  give  to  this  resistance  the 
name  of  friction* 

174.  Friction  alwa^  tends  to  prevent  rdative  motion  of  the  two  bodiea 
between  which  it  act*;  %.  e.,  motion  of  one  of  the  bodies  relatively  to  the  other. 
In  doing  so.  however,  it  tends  equally  to  caiue  relative  motion  t  between 
each  of  those  two  and  a  third,  or  outeide  body.  Thus,  the  fric  between  a  belt 
and  the  puUey  driven  by  it  tends  to  prevent  slipping  between  them;  but  thus 
tends  to  make  the  belt  slip  on  the  driving  pulley,  and  sets  the  driven  puliey 
and  its  shaft  in  motion  relatively  to  the  bearing  in  which  the  shaft  revolves. 
Tki»  motion  is  resisted  by  the  fnc  betioeen  journal  and  bearing;  and  this  fric, 
in  turn,  tends  equally  to  make  the  bearing  revolve  with  the  journal,  and  to 
make  the  belt  shp  on  the  driven  pulley. 

175.  The  fric  between  two  bodies  at  reet  relatively  to  each  other  is  called 
statle  friction,  or  fric  of  rest.  That  between  two  bodies  in  relative  motion 
is  called  kinetic  friction  or  fric  of  motion. 

176«  The  ultimate  or  maximum  static  fric  between  two  bodies, 
as  U  and  L,  Fig.  77  (or  the  greatest  fric  resistance  which  they  are  capable 
of  opposing  to  any  sliding  force  when  at  rest),  is  equal  to  a  force  (as  that  of 


{ 


*  *'  Friction"  (meaning  rubbing)  is  a  misnomer  in  so  far  as  it  implies  that 
rubbing  must  take  place  in  order  to  produce  the  resistance.  For  we  meet 
this  resistance,  not  only  during  nibbing,  but  also  before  motion  (or  rubbing) 
takes  place.     "  Resbtanoe  of  roughness  "  would  better  express  its  nature. 

t  flee  foot-note  (♦).  1  1.  Digitized  by  L^OOg  le 
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the  wt  F)  which  is  just  upon  the  point  of  making  T7  begin  to  slide  upon  I«.^ 
Thus  frio,  like  other  forces,  may  be  expressed  in  vmokU,  as  in  Ibe. 

177.  A  resistce  cannot  exceed  the  force  which  it  resists.f  Therefore  if  F 
is  less  than  the  ult  static  fric  between  U  and  L,  the  frietional  renstce  aciuaUy 
exerted  by  them  is  also  less.  When  F  is  »-  the  ult  fric  (and  U  is  therefore  on 
the  point  of  sliding)  the  actual  resistce  is  «  the  ult  stat  fric.  If  F  exceeds 
the  ult  Stat  fric,  the  excess  gives  motion  to  U. 

178.  If.  when  a  body  is  in  motion,  all  extraneous  forces  and  resastoes  are 
removed  or  kept  in  equilib,  it  moves  at  a  uniform  vel.  Hence,  if  the  for«e.  F. 
Fig.  77,  is  just  —  the  ultimate  kinetic  fric  between  U  and  L,  their  vel  is  uni- 
form. If  F  exceeds  this,  the  excess  acceUrateB  the  vel.  If  the  ult  kioetie 
fric  exceeds  F,  the  excess  retards  the  vel.  Thus  the  actual  frietional 
resistce  exerted  by  two  bodies  in  relative  motion  is  •-  their  ult  kinetic 
fric  "  that  force  (as  F)  which  can  just  maintain  their  relative  vel  uniform. 

170.  Hence,  if  the  hor  surf  S  upon  which  L  rests,  could  be  made  perfectly 
frictionless,  the  pres  of  L  against  the  lug  m  (which  would  then  always  be  — 
the  aduai  fric  resistce  between  U  and  L)  would  also  be  ■»  their  uU  fric  so  long 
as  U  continued  in  motion  over  L,  and  might  therefore  be  greater  or  lees  than 
or  <-  F;  but  when  U  was  at  rest  the  pres  against  m  would  be  »  F,  and  less 
than  (or  at  most  just  *«)  the  ult  fric. 

Coefficient  of  Friction. 

180.  Since  no  surface  can  be  made  abaoltUely  smooth,  some  separation  of 
the  two  bodies  must  in  all  cases  take  place  in  order  to  clear  such  projeotions 
as  exist.  Hence  the  fric  is  always  more  or  less  affected  by  the  amount  of  the 
perp  pres  which  tends  to  keep  them  together. 

181.  The  ratio  of  the  ult  fric,  in  a  given  case,  to  the  perp  pres,  is  called 
the  coefficient  of  friction  for  that  case.    Or, 

ultimate  friction 


Coefficient  of  friction  — ..     . 

perpendicular  pressure 

and  « 

Ultimate  friction  •-  perp  pres  X  coeffof  fric. 

Thus,  if  a  force  F,  Fig.  77,  of  10  lbs,  just  balances  the  ult  frio  between  t7 
and  L,  and  if  the  wt  of  U  (the  perp  pres  in  this  case  since  the  surf  between  U 

and  L  is  hor)  is  50  lbs,  then  the  ooeff  of  frio  between  U  and  L  is  ■-  •     ^ 

-0.2. 


rig.  rr. 


Fiir.  78, 


JiS2.  The   coeff  Is  usually   expressed  decimally,  or  by  a  oommoo 

fraction;  but  sometimes,  as  in  the  case  of  railroad  cars  and  engines,  in  tbe 
(of  fric)  per  ton  (of  perp  pres).     Or  by  the  "angle  of  fric"  in  degs  and 


*  We  here  neglect  the  fric  of  the  string  and  pulley,  and  assume  that  all  the 
force  of  the  wt  F  is  transmitted  by  the  string  to  U. 

t  If  a  resisting  fcroe  exeeeda  the  force  resisted,  the  exoeas  is  not  retistoe, 
but  motive  force.  ^  *    r\rMi\^ 
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t&m  Angle  of  FHetloii.  In  Tig,  78,  let  W  -  the  wei^t  of  the  hody^ 
its  pressure  normal  to  the  plane,  and  S  °-  the  component  tendinir  te 
the  body  down  the  plane. 

hen  the  angle  a  is  such  that  the  body  is  just  on  the  point  of  sliding  down 

»huie,  it  is  called  the  angle  of  friction,  or  angle  of  repose.    The  mciioa 

d  the  sliding  force  8  are  then  equaL 
S        F       A 

It  p  —  p  —  g  -  coefficient  of  friction  *  tan  a.    Hence  F  —  P  tan  e 

r  eosin  e  .  tan  a. 

(4.  Frictloiial  SUblllty.  Let  R,  Fie.  70,  be  the  resultant  of  all  lbs 
m  jpreasmg  a  body  agamst  a  plane,  and  N  a  rormal  to  the  plane.  M  the 
B  %  between  R  and  N  exceeds  the  angle  of  friction  (a.  Fig.  78)  betweeo  t  he 
sarCaoes  in  contact,  the  body  will  slide  on  the  plane,  but  not  otherwise 
[Ices  not  exceed  the  angle  of  friction,  the  entire  resultant  R  will  be  lin- 
ed to  the  plane  and  in  its  own  direction,  and  not  merely  its  normal  com- 
3it  V,  as  would  be  the  case  if  the  surfaces  were  frictionlees. 


(a) 

Fls.  79. 


Flff.  80. 


15.  To  find  the  coelT  of  kinetic  fric.  allow  one  ot  the  bodies,  U, 
80,  to  slide  down  an  inclined  plane  A  C  formed  of  the  other  one  and  buy- 
my  convenient  known  steepness  ACE  greater  than  the  ang^le  of  f  no  (5 


Note  the  vtri  dist  A  E  through  which  U  descends  in  slidmg  any  (Jist 
(A  E  —  A  C  X  Bine  of  A  C  E) ;  also  its  actual  aliding  vel  in  ft  per  sec 
;ning  C.     Calculate  the  vert  dist  A  D  through  which  it  would  navn  to 


C  (A  E  —  A  C  X  sine  of  A  C  E) ;  also  its  actual  Blidirnj  vel  in 

saching  C.     Calculate  the  vert  dist  A  D  through  which  it  wou  _ 

end  alona  tha  plane  (from  A  to  B)  to  acquire  that  vel  if  there  were  no  fric. 


AD  - 


velocity^  in  ft  per  sec 
twice  the  accel  g  of  grav 


>)• 


1DE(— A  E  —  A  D),  and  the  hor  dist  E  C  corresponding  to  A  C 

I- AC  X  cosine  ACE  -  t/aC«— A  E^).    Then 

T)  E 
Coeff  of  the  average  frio  in  sliding  from  A  to  C  —  ^-^, 

,use.  if  we  let  A  E  represent  the  Mai  sliding  force  expended  (in  accelcru' 
and  in  overcoming  the  frio),  then  A  D  represents  the  portion  of  A  K  o x- 
led  on  vel,  and  D  £  that  expended  on  friCt  and,  since  C  £  representa  the 
tendicular  pressure  (\  183), 


DE 
EC' 


friction  _ 

— -■  coeff. 

prep  pres 


)6«  Or«  find  irfne  and  tangent  of  A  C  E;  and  the  dist  A  C  (  ■-  time^  iV 
X  ^  0*  X  sine  of  A  C  E)  through  which  U  would  slide  in  a  given  time 
ere  were  no  fric  Measure  the  dist  A  B  through  which  it  aetuaUy  elid^  in 
^time;  andfindBC  -  AC~AB.     Then 

coeff  of  the  average  )       tan  DCE  -  tan  ACExf^ 

fnc  in  shding  from  A  to  B i  AC 


•  ff  -  about  32.2  ft  per  second  per  second.      ,gitized  by  LjOOQIC 
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(Ut)    iLO:  ABt  BO   tt 

the  theoretical  Telocity 
*'dae  to  total  aUdiog  Ibroe 


ABt ABiBI 

tha  actual  Telocity  :  the  friotioiMa 


;  the  total  slidiDg  force 


sUdiiiK  force  employed 
;   in  giving  the  actual 
velocity 


the  friction,  or  the  allding 

force  required  to  bauoioe 

the  frictiun. 


And,  if  A  E  ie  —  the  total  eliding  force,  then  E  C  is  —  the  perpendicular  prcMore, 

""**  P  *  —  the  ooefflcleut  of  friction  —  tangent  of  D  0  E. 

EG 
(2nd)  Owing  to  the  Bimilnrity  of  the  twa  triaugles,  A  IS  D  and  A  C  B,  we  Imti 
AC:BO::AE:DK  ::  |^ :  ^  ::  tangmit  AO  B  :  tangent  D  C  B. 

187.  In  1881  to  1884,  €1«B*1  Arttior  Morin*  exparimeiitad  witi 
pressures  not  excet^)i^K  about  30  lbs  per  sq  in;  and  arrived  at  the  foUowinj 
conclusions  in  regard  to  siiditig  fric  where  the  perp  pres  is  considerably  le« 
than  would  he  necessarr  to  abrade  the  surfs  apprecianly.  These  were  for  a  lun| 
time  generally  regarded  as  constituting  the  tbree  ftmdameiital  laws  of 
flrlc. 

Isf.  The  u It  frlc  between  two  bodies  is  proportional  to  the  total  perp  forc4 
which  presses  them  together;  i  0,the  coeflTis  independent  ef  tbe  perf 
pres  and  of  its  itUensiiy  (pres  j)er  %tnU  of  turf).    Hence 

Sid.  For  any  f^ven  total  perp  pres,  tlie  eoeflT  Is  independent  of  tiic 
area  of  snrr  in  contact. 

If  upon  a  hor  support  we  lay  a  brick,  measuring  8  X  4  X  2  ins.  first  upon  iu 
long  edge  (8X2  ins)  and  then  upon  its  side  (8X4  ins),  we  double  the  area  of 
contact,  while  the  total  pres  (the  wt  of  the  brick)  remains  the  same,  and  thu*  re- 
duce the  pret  /Mr  «g  in  by  une-half.  Consequently  (the  coeflT  remaining  practically 
the  same)  we  have  only  half  the>Hc  persqin.  But  we  have  twice  as  many  sq  iu 
of  contact,  and  therefore  the  same  tolai  fric. 

But  if  we  can  increase  or  diminish  the  area  of  conttLct  wUhoui  qflaeUmif  tA§ pre* 
oer  sq  in,  tlie  total  pres  wUl  of  course  vary  as  the  area,  and  the  total  fric  will  Tary 
in  the  same  proportion,  for  the  coeff  remains  the  same.  Thus,  if  we  place  two 
Bimilar  sheets  of  paper  between  the  leaves  of  a  book  (taking  care  not-to  place 
both  sheets  between  the  same  two  leaves)  and  then  squeese  the  book  in  a  letter- 
copying  press,  it  will  require  about  twice  as  much  force  to  pull  out  both  theeti 
as  to  pull  out  only  one  of  them. 

8d.  AlihouKh  thecoeiTof  «tofu;  ft'ic  between  two  bodies  is  often  much  greater 
than  their  coeff  of  kinetic  firic ;  yet  tbe  coeflT  of  kinetic  flric  is  Inde- 
pendent of  tbe  Tel* 

This  applies  also  (approz)  to  the>rtc,  and  hence  to  the  trorlr  (in  yho^pounds  etc) 
of  overcoming  fric  through  a  given  ditl;  for  then  the  work  ( ^  reslstce  X  diet)  ia 
independent  of  the  vel.  But  in  a  given  (ime,  the  dist  (and  consequently  tbe 
work  also)  of  course  varies  as  the  veL 

188.  (a)  8ouie  kinds  of  surlkcea  appear  to  interlock  their  proiections 
much  more  perfectly  when  at  rest  relatively  to  each  other,  than  when  in  even 
very  slow  motion  ;  and  in  some  cases  the  degree  of  interlocking  seems  to  in- 
rrease  with  time  of  contact.  Hence  there  is  often  a  great  diff  in  amount  between 
fric  of  rest  and  fric  of  motion.  Thus,  Oen'l  Morin  found  that  with  oak  upon 
oak,  fibres  of  the  two  pieces  at  right  angles,  the  reslstce  to  sliding  while  still  at 
rest,  and  after  being  for  **some  time  in  contact,"  was  about  one  eighth  greater 
than  when  the  pieces  had  a  relative  vel  of  from  1  to  6  ft  per  sec. 

^»)  But  experience  shows  that  even  very  slight  jarring  suffices  to  remove  this 
;  and  since  all  structures,  even  the  heaviest,  are  subject  to  occasional  Jarring, 
(as  a  bridge,  or  a  neighboring  building,  or  even  a  hill,  during  the  passage  of  a 
train ;  or  a  large  factory  by  the  motion  of  its  machinerv ;  or  in  numberless  casea, 
by  the  action  of  the  wind)  it  is  expedient,  in  construction,  not  to  rely  on  fric  for 
Miabili^  any  further  than  the  coeff  fbr  movina  fric  will  Justify.  When  it  ia  to  be 
resarded  as  a  reslstce,  which  we  must  provide  force  for  overcoming,  it  should  be 
taken  at  considerably  more  than  our  tabular  statement. 


•  Sm  his  •«  PMBduMDUl  IdMS  oT  MwhaalM" 
tfew  York,  1880. 


trsadalad  bj  Jot.  Bnaett;  D.  AppisiDB  *  0^ 
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Arjr,  phui«  snrfliaes,  chiefly  fh>m  Morin. 


»Ui,  dean,  and 


CMfTof 
Fri«;  or 
Prapor- 
Uonof 
Frictotk* 
Pr«t, 


Oak  «B  Mk  ;  aU  tka  flben  pwaltel  to  th«  medott.. . 


tmsrlng  fltrco  •(  rlgM  angles  to  tho  others ;  and  to  the  motion. . . 
U  the  Obras  at  right  aoglos  to  the 


**      BOTlng  fibres  on  eod ;  rsotiag  fibres  parallel  to  the  notion. . 
caat  Iron,  fibres  at  right  angtee  to  netloa.. 
aoafc.fihn8aUn     


•  mm  oak.  ■eflng  fibree  at  right  aagles  to  the  others,  and  to  motion. . 
b  oa  oak.  Ibros  all  I       -*  ' 


I  parallel  to  motion.. 


Wreacht  Iron  en  oak.  fl 
Wreacht  Iron  en  elm, 

Wrenjht  Iron  on  caw  iron,  fibree  parallel  to  motion 

"         •*    on  wron^t  iron,  fibree  an  paralM  to  motion.. 

VrevgM  Iron  en  braes 

ITieiwbi  lioin  nn  soft  limeetone,  weUdreeeed 

..     ..  bard       


steel  en  hard  marble,  sawed.    By  the  writer. 
**     *•  meeothlj  pUaed,  and  nibbed  mahei 


-         n     ••    M      <•  moethlj  planed  wh  pine..  . 
Caatb«neBnak,flhrasparaUeitomotifMi 


Steel  en  steeL    By  the  writer.. 


Btoel  em  polished  glass.    Bj  the  writer aUiut.. 

'*    qnitfO  sHMOth.  bet  not  poUsbed;  on  perttotly  dry  planed  wh  pine,  fibres 

pnrenel  to  motion aboot.. 

••    qniu  smooth, bnt  nei  polished;  on  perfeetly  dry  planed  and  smoothed 
mahogany,  fibree  parallel  to  motion about.. 


BnMS  en  nasi  Iron , 

»     en  wTooght  iron,  fibres  parallel  to  motion. . 


**    ea  perfeetly  dry  planed  wh  pine,  fibrse  parallel  to  iMtlon aboet.. 

M      •«         •<                  **     and  smoothed  mahogany,  fibres  parallct  to  mo- 
tion  ebont.. 

Pellshod  martin  on  peltshed  marble.   By  the  writer 


ibrlok 

B«A  liaaestone  w«n  dressed,  on  the  same. 

Common  brtok,  on  weil-di  essidi  soft  limestone 

•*      ••     ••       ••       hard       "       

Oak  aeress  the  grain,  on seft  limestone,  well  dressed... 

"      "  hard       • 

Batd  limestone  en  hard  UmestOM,  both  "        *•      ... 

♦•seft  "  "     ••         "      ... 

Noft         "  "  hard  "  "     "         ••      ... 

Wood  en  metal,  generany,  .S  to  .tx. 

Wosd,  eery  tmoolk,  on  the  same.  generaUy,  .ffi  to  .6  .. 
Wood.    "  on  metal,  .%   to.6S.. 

Metal  on  metal,  very  smooth,  dry       "         .16to.»... 
Mssonry  and briekwork,  diT  "         .<  to. 7  ... 

'•        **  '*  wuh  wet  mortar. 

•'  "  "     slightly  d 

•*     endry  day 

"      "  Bwlst"   

MarMe,  sawed; en  thee 


:  both  dry.    By  the  writer.* .aTera«e 


*'       en  perfbetiy  dry  planed  wh  pine.    "    ..• " 

**       en  damp  planed  wh  pine.........    "    ..* 

"     polished,  on  perftotly  dry  planed  wh  pine    "    

White  pine,  perfretly  dry ;  planed :  on  the  same ;    all  the  fibres  parallel  to 

motion about.. 

"       **     damp,  planed ;  on  tbe  same 
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9  fl 

10  II 

10  46 

11  48 
13  16 

9  6 

11  19 

10  46 
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10 
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9 

6 

.U 
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4.V 
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82 

IM 
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82 

88 
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38 

2 
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31 

00 
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48 
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20 

48 

.67 

83 

60 

.66 
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1 
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22 

18 

.88 

10 

4H 

.41 

22 

18 

.18 

10 

12 

.86 

S3 

8 

.47 

36 

SO 

.74 

M 

10 

.51 

27 

00 

M 

H 

16 

.4 

21 

49 

.55 

28 

49 

.45 

34 

14 

.« 

81 

00 

.26 

14 

16 

.4 

21 

48 

.« 

81 

00 
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■m20to60;  the  sliding 


snrflMws  beeome  so  maoh  smoother  as  to  reduoe  the  angles  as  n 
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189.    Recent  experiments,  with  much  greater  variations  of  pres  and  of 

vel,  and  with  more  delicate  apparatus  for  detecting  slight  changes  in  the  coefT, 
Bltliough  giving  cunflicting  results,*  show  that  tbe  three  laws  in  %  187 
are  far  from  correct  for  surfs  moving  at  liigli  vels,  and  under  great  pres  ;  aiid 
that  they  are  only  approximately  correct  for  ordiuary  rela  and 
pressures;  for  the  cot-ffis  found  to  vary  both  with  the  intensity  of  the  pres  and 
with  the  vel,  as  also  with  the  temperature.*  But  in  the  cases  with  which  tlie 
civil  engineer  lias  luustly  to  deal,  slight  diCb  in  the  chamcter  of  the  surls,  or 
even  in  the  dampness  of  the  air,  will  otien  cause  much  greater  changes  of  co«*ff 
than  those  due  to  any  probable  changes  of  pres,  vel  and  temp:  so  that,  within 
the  limits  of  abrasion,  we  may  generally  take  Morin's  rules  as  sufficiently  cor* 
tect  for  such  cases. 


190.    t»ror.  A.H.  Kimball,  of 

the  VVorctster  (M:t»j$)  lust  of  InduMrial 
yciKDce^  hjua  mjideisuuie  very  d(?lk'alt-ex(jt'ri- 
ui^'uta  i^ppn  the  frlc  between  surfs  of  pine 
wotMl.f  The  reaulu  are  glv^n  in  Fig  3, 
ijiert-^ly  lo  show  how  the  coeJf  varied  with 
Til  unci  pres.  Our  table  given  a  conff  of  .4 
Jbr  |iine  on  pine. 


lixi     1.0      sf>      :r»      m      :,o      in      jrn      20      10 
TeliMsltr  of  Slldliyr,  la  ladies  per  seoead. 
Line  A  shows  coefi^  at  diff  vels  under  a  pres  of  1 JS8  lbs  per  sq  in. 
«     B  "  "  "  1^9     "        ^ 


C 
D 
E 


i.e 

1.61 
4.17 


It  will  be  seen  that  at  low  vels  the  coeff  decreased  when  the  pres  per  sq  in  waa 
almost  imperceptibly  increased;  but  this  diff  disappeared  as  the  vel  Increanod. 
At  vels  from  4  to  1*20  ins  per  sec,  the  cooff  generally  decreased  as  the  vel  in. 
creastKi ;  rapidly  at  first,  but  more  slowly  as  the  vel  became  greater.  This  agrees 
with  other  recent  expts.  But  at  very  low  vels  (.08  to  5  ins  per  sec)  Prof.  Kimball 
found  the  cocff  (line  E)  inertasingvtry  rapidly  unih  the  vel. 

We  hnve  made  the  scale  of  cofffs  large  m  order  to  show  their  variations,  which 
are  80  Hlieht  that  they  would  otherwise  be  acaicely  perceptible.  Less  delicate 
expts  would  have  failed  to  show  them  at  alL 

lOI.    (a)  In  1878  Cavt.  Donglaa  Chilton  and  Mr.  Oeory  'VTssta 

""ni^boiisr,  Jr.,  made  carefhl  experiment)!  in  Bnaland  to  aaoertain  the  efbst  d 

'ctloD  in  connection  with  rall^vay  brakes,  t    The  fHctlon  and 


»  This  Is  not  rarpriaiog  In  rlew  of  th«  extent  to  which  the  ooefT  Is  aflbeied  by  the  BAtnre  of  the 

rf.    If  the  shape  of  the  minute  prcjectlons  Is  such  that  thej  flt  Into  each  other  as  perfeeUy  UDd^r 

lall  pressures  »*  under  great  ones,  and  if  ther  are  ton  strong  to  be  broken  bj  the  preemiree  apftlicd. 

;  cocff,  as  stated  in  the  1st  law,  should  be  independent  of  the  pres.  But  If  hlch  pre*  wcdffee  the 
it>Jeotions  of  one  t>odj  moreoloeelj  lietveen  tho««  of  the  other,  the  ooeff  shoakl  inornaae  nnder  such 
pres.  Oil  the  other  hand,  if  the  higher  pres  breaks  down  the  prqJeoUons  while  the  lower  ones  are 
unable  to  do  so.  the  eoeff  should  decrease  under  the  higher  pres.  The  partlelee  thus  broken  off  mar 
alther  act  as  ■  lubricant  and  thus  still  further  reduce  the  frie  and  Its  ooeff,  or  (If  angular  and  hard) 
m%j  inere4ue  iu  Change  of  area  of  oontact,  under  a  given  total  prea,  may,  hj  aflbsting  the  iiUt$t»itf 
a  the  pre*,  make  changes  in  the  coeff  similar  to  those  Just  mentfoned. 

At  high  vels  the  roughnesses  have  not  time  to  interlock  as  perfeotlr  as  at  low  vels.  Hence  we 
should  expect  a  less  coeff  at  high  vels.  But  high  Tel  generally  inereaaes  the  number  of  pr^ections 
hroken  awar  :  and  these  mar  either  increase  or  diminUh  the  coeff,  as  explained  above.  High  vel 
•ften  indirrrtlu  affeeu  It  by  inerea«Ing  the  temperahert. 

t  Sllllman'ft  Journal  (American  Journal  of  Bclenoe)  March  187S  and  May  I8T7. 

«  See  Proc,  Inntn  of  Mechl  Kngrs,  l<ondeo,  June  and  Ot  1878  and  April  1879;  and  ' 
las."  London.  1878 ;  vol.  So,  pp  Ml.  ««•.  tfO ;  vol.  SS,  pp  158, 88S,  8S6. 
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matlcaltj  r«eord«d  by  bmmm  of  b jdnuilfe  fmiKM.  With  cait  froo  bnike-blodE* 
9tr«1-Hred  wooden  wheeli,  43^  inehes  lo  diameter,  they  fcmiid  ooefflctents  aboal 
30WD  io  Fiir.  4. 

tie  pointa  in  lines  A,  B  and  C  Aow  the  arerage  brake  coeff:),  or  coeffis  of  sli^ 
fric  between  the  tread  of  a  rolling  wheel  and  the  brake-block. 


Bpec4  •t  Car,  la  adlee  per  hMir. 
4i        40       M       to       ti       »        I» 


10        B 


CO         U         M        4ft         40         3«         SO        S6         SO         16 
Speed  ef  Car,  la  mUee  per  hour. 

Line  A  ahows  brake  coefis  obtained  immed'y  after  application  of  brake 
"     B  "  "  5  sees  «  •* 

"     C  "  "  15    "  "  " 

*'    D  shows  rail  coeflb  or  coeflb  of  sliding  fric  between  the  tread  of  a  tli^ 

or  ** skidding''  wheel  (held  fast  by  the  brake)  and  the  raU. 
b)  From  lines  A  B  and  C  it  appears  that  the  brake  coeflT  obtained  at  a 
en  length  of  time  after  the  application  of  the  brake  was  generally  greater 

low  ilian  at  bl^li  weu.  But  where  the  rel  was  maintained  uniform 
)  brafee  co«ir  dlmlnlsbed  as  block  and  wheel  remained 
n§^T  In  contact.  Thus,  lines  A  and  B  show  tliat  at  37^  miles  per  hour 
!  brake  coeCTwas  .154  when  the  brake  was  first  applied  (point  g\  but  fell  to 
>  in  5  Mcs  (x).  Line  A  (immed'y  after  application)  shows  a  higher  brake  coeff 
t2  at/)at  47|  miles  than  line  B  (5  sees  after  application)  shows  at  371  miles 
16  at  X). 

["be  diminution  of  the  rail  coeff  with  length  of  time  of  application  of  brake, 
s  scarcely  noticeable. 

e)  When  the  brake  fric  (owing  to  the  reduction  of  rel  and  consequent  iu- 
iase  of  coeff)  becomes  —  the  "adhesion"  or  sUtic  fric  between  the  rail  and 
i  tire  of  the  rolling  wheel,  the  vel  of  rotation  rapidly  falls  below  that  due  to 
i  vel  of  the  car;  i  e,  the  wheel  befrins  ^  ^'«kld''  or  slide  along  the 
1 ;  and  in  from  .75  to  8  sees  the  rotation  of  the  wheel  ceases  entirely. 

d)  The  rail  coelT  line  D,  is  f^enerally  much  less  than  the 
■ake  coefll  lines  A,  B.and  C.  The  pres  on  the  rail  (  —  the  wt  on  a  whei  t) 
s  about  5000  lbs  per  sq  in,  or  greatly  in  excess  of  the  limit  of  abrasion.  That 
the  brake  was  about  200  lbs  per  sq  in.  A  few  expts  were  made  witii  brakci 
>cks  baring  but  \  of  the  usual  area  of  contact,  ana  therefore  3  times  the  pr*  ^^ 
r  sq  in  nnder  a  given  total  pres.  They  failed  to  show  conclusively  that  tliii^ 
IBM  any  marked  change  in  the  coeff. 

e)  The  rail  coeflT,  line  D,  like  the  brake  coeff,  increases  as  the  vel 
Imlnlshes:  slowly  at  first,  but  much  more  rapidly  as  ttie  speed  becoiiiit-g 
»;  until,  at  the  moment  of  stopping,  it  is  generally  even  greater  than  tl»u 
ake  coeff  just  before  skidding.  With  steel  tires  on  iron  rails  st  high  vels  it  w  j.4 
mewhat  greater  than  on  steel  rails,  but  this  diff  disappeared  as  the  vel  dimiu- 
icd. 

(f )  I^ocomotiwes  overcome  resistces  —  trora  |  to  ^  or  more  of  the  wt  on 
I  tne  drivers;  i  e,  they  have  a  coeff  of  .33  or  more,  although  the  experiment  »l 
efffor  steel  on  steel  in  motion  at  low  pres,  is  only  about  .15.  But  tlie  cases  are 
diff  that  a  similarity  In  their  coeffs  could  hardly  be  expected.  The  great  >Ai, 
y  from  2  to  6  or  even  7  tons,  on  a  driver,  is  concentrate  on  a  surf  (where  ili« 
heel  touches  the  rail)  about  2  ins  long  X  about  ^  inch  wide,  or  =-  any  1  sq  in. 
lie  pres  per  sq  in  thus  greatly  exceeds  not  only  that  upon  wtiich  the  tables  arts 
»ed,  but  also  the  limit  of  abrasion.    liesides,  any  point  in  the  treatL  during 
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the  instftDt  when  it  is  BcUng  as  the  ftilcrum  for  the  steam  prea  in  the  cyl,  ia 
atatUnutry  upon  the  rail.    Its  fric  (miscalled  **  adhesion  '*)  Is  therefore  tUaie, 

CapU  GaltoD  found  that  tbe  coeflT  of  ^*  adbesi^n  '*  was  independent  of 
the  Tel,  and  depended  only  ou  the  character  of  the  surfs  in  contact.  With  a 
four-wheeled  car  having  about  6000  lbs  load  on  each  wheel,  it  was  generally  over 
w20  on  dry  rails ;  in  some  cases  .25  or  eren  higher.  On  wet  or  greasy  rails,  with- 
out sand,  it  fell  as  low  as  .15  in  one  case,  hut  aTeraged  about  .ll.  Wttli  BaiHl 
on  wet  rails  it  was  over  .20.  Sand  applied  to  dry  rails  before  starting  gave  .35 
and  even  over  .40  at  the  start,  aud  an  average  of  about  .28  during  motion ;  but 
sand  applied  to  dry  rails  while  the  car  was  in  motion  was  apt  to  be  blown  away 
by  the  movement  of  the  car  and  wheels. 

ig;)  Owing  to  the  constancy  of  the  coeff  of  **  adhesion  "  under  given  conditions 
of  tire  and  rail,  the  brake  fric  necessary  to  *'skid  "  the  wheels  In  any  case  waa 
also  practically  constant  for  all  vels.  ^t  at  nigh  vels,  owing  to  the  lower  brake 
00^,  a  higher  brake  pre*  was  reqd  to  produce  this  fixed  amount  of  brake  fric 
The  skidding  also  reqd  a  longer  time  than  at  low  speeds. 

192.  If  the  pres  is  sufficient  to  produce  abrasion  (Indeed,  while  it  Is 
much  less)  the  fric  often  varies  greatly,  out  no  precise  law  has  yet  been  diacov^- 
ered  for  estimating  it.  Bennie  gives  the  following  table  of  e€»elb  of  l^i« 
of  dry  surfaces,  under  pressures  frradaallj  Increased  ap  <• 
the  limits  of  abrasion.  It  will  be  noticed  that  in  tliis  taMe  tko 
coeff  generally  increases  with  the  inientUif  of  the  pres : 

CoeHb  of  friction  of  drjr  snrCsees,  under  pressures  iri«d- 
ualljr  increased  up  to  tbe  limits  of  abrasion.  (By  6.  JRennie,  C  £  ) 


Ptm.  In  Lb». 

Wnmgbi  Iron 

Wroofht  Iron 

SiMl 

BrM 

per 

on 

on 

on 

on 

Square  In«h. 

Wroofbtlron. 

Cast  Iron. 

Cut  Iron. 

Caatlnm. 

82.5 

.140 

.174 

.188 

.167 

188 

.3&0 

.175 

.300 

.338 

234 

.m 

.392 

.833 

.319 

8S« 

.813 

.838 

.347 

.815 

448 

.878 

.865 

.3M 

.308 

S80 

.408 

.387 

J5S 

.an 

S7S 

.376 

.408 

.333 

708 

.434 

.384 

784 

.333 

831 

.378 

19S.  (a)  Rolliui:  friction,  or  that  between  tbe  circomf  of  a  rail- 
ing body  and  the  snrf  upon  which  it  rolls,  is  somewhat  similar  to  that  of  a 
f»iuion  rolling  upon  a  rack.  In  disenffagiug  the  interlocking  projeetiona,  or  in 
ifting  the  wheel  over  an  obstacle  o,  Figs  5  and  6,  the  motive  force  F,  instead  of 
draggina  oae  over  the  other,  asin  V1g76,  p.  407,  acts  at  the  end  of  a  bent  lever 
FRW  Figs  0  and  6,  the  other  end  W  of  which  acts  in  a  direction  perp  to  the 
contMct  surf;  and  in  practical  cases  of  rolling  fHc  proper  the  leverage  RW  of 
the  resisting  wt  of  the  wheel  and  Its  load  is  very  much  less,  in  proportion  to 
that  (FR)  of  the  force  F,  than  in  our  exaggerated  figs.  Hence  the  force  F  reqd 
to  rotf  a  wheel  etc  is  usually  very  much  lees  than  would  be  necessary  to  tUde  it 
(b)  There  are  usually  two  ways  of  appljriui:  tlie  force  in  overoom- 
%  rolling  fric:  1st  (Fig  5)  at  the  axU  of  the  rolling  body;  as  the  force  of  a 

horse  is  applied  at  the  axle  cf  a 
wagon-wheel ;  or  that  of  a  man  it  tlie 
axle  of  a  wheel-barrow :  2d  (Fig  e)  at 
the  ctrewn/;  as  when  workmen  push 
ilong  a  heavy  timber  laid  on  top  of 
two  or  more  rollers;  or  as  the  eoosof 
an  iron  bridge-truss  plav  backward 
and  forward  by  contraction  and  ex- 
pulsion, on  top  of  metallic  rollen  or 
balls  (p725).  In  Fig  0  we  have,  in  ad- 
dltion  to  the  rolling  fric  of  the  clr- 
cumf  of  the  wheel  on  its  support,  the 
sliding  f^ic  of  the  axle  In  lis  bearing. 
In  Fig  6  we  have  only  rolling  frl^ 


P'iff.e 


ut  at  both  top  and  bottom  of  the  wheel. 

(c)  When  the  obstacles  o  are  very  small,  as  in  the  csae  of  cart-wheels  eo 

smooth  hard  roads,  or  of  car-wheels  on  iron  or  steel  rails,  the  ieTsrage 
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(FB)  of  P  beemBM,motlct]l7,in  Fig  9  the  fwfiMp  ud  is  Fig  ethe  dfoni.  of  the 
wheel ;  while  that  (R  W)  of  the  naistce  is  reiy  smalL  Henef,  D^gleciiDg  axle 
frjc  in  FIk  a»  the  force  F  reqd  to  OTeroone  rolling  hie  In  such  cases  is  directly 
u  the  wtvf  of  and  on  the  wheel,  and  tnTerselj  aa  the  dlam  of  the  wheeL 

The  few  expts  that  hare  heeo  made  upon  the  coeflii  of  rolling  frie,  apart  tnm 
axle  flrie,  are  too  incompleto  to  serre  as  a  baaia  for  practical  rules. 

(d)  The  frlc  (or  ^adbeslon**)  between  wheel  and  rail,  which  enables  a 
loooDiotf TO  to  more  itaelf  and  train,  or  which  tends  to  make  a  cartwheel  revolve 
Dotwithatanding  the  pres  of  the  brake,  is  a  reeistce  to  the  sliding  of  the  wheel 
on  the  rail ;  and  is  therefore  not  rolling  bat  sliding  f  rie ;  static  when  the  wheels 
3ither  stand  still  or  roll  perfectly  on  the  rails:  and  kinetHs  when  they  slip  Of 
•skid".  t~         ^ 

1»4.  Tbe  flrtctf^n  ofU^nids  moTlng  IH  contact  with  solid  bodieg 
te  iadepeBdent  oftlie  preMsare,  because  the  "Hftlnff  "  of  the  particles 
of  the  llnid  orer  the  prajfections  on  the  snrf  of  the  solid  boay,  is  aided  by  the 
pres  of  the  surrounding  particles  of  the  liquid,  which  teud  to  occupy  the  plac<« 
of  those  lifted.  Hence  we  have,  for  liquids,  no  coeiT  of  frie  corresponding  witli 
that  (»  resistce  -••  pres)  of  solids.  The  resistce  is  beliered  to  be  directly  as  the 
area  of  surf  of  contact.  Becent  researches  Indicate  that  Beslstce  =  a  coeiT  X 
srea  of  aarf  X  vel»  in  which  both  n  and  the  coeff  depend  upon  the  vel  and 
npoo  the  character  of  the  snrf:  and  that  at  low  veis  « «■  1,  but  that  at  a  certain 
*  critical "  Tel  (which  Taries  with  the  cironmstances)  n  suddenly  becomes  »  2, 
Awing  to  the  breaking  up  of  the  stream  Into  marked  counter  currents  or  eddies. 
The  reeisUDee  of  fluid  fHc  arlsss  prinelpally  fh>m  the  counter  currents  thus  set 
in  motion,  and  which  must  be  brovght  into  compliance  with  the  direction  of 
the  fiovoe  which  Is  nivlng  the  stream  forward. 

IMk  Tt^Me  Wl  ••efltolMite  of  ai^Tte*  Arietton  of  sin^otk 
plane  sarlkces,  wlbem  kepi  perCMtl  j  Isbrleaied.   (Horin.) 


OUoB««k,  flbiM  pwalM  to  Botioa. 
"    "     dbrM  perpeodloaUr  to  a 

"  oortm,  Sbraa  poralM  to  motloa 

"  ra  OMt  Im.  flbraa  paraltai  toiM«ka 

"  on  wrongiit  Iroo,  **        **       "      • 

^wA  o«  oftk.  ibrw  "       •*       •*     

Blaoiieak,        "  •'       "       *•      

"Micim.        "  "       "       "      

"oMfeirae.     •*  M       ..       M      

wrMght  Itbb  oa  oak.  SItrM  ponllol,  ^r— wd  and  wot,  .IN. 

M        «      .(    M     flbm  pwmUol  to  neiiofl 

*        »     OB«liB.     "  "       ••       "     

M     moMtlroB.         •*       ••       "     

•«     oQwroagteirM,"       *•       "     

**         •■    •Bbraw.flbiw    M       «•       i4     ..,, ,,. 

OH(inao»oafc,flbr«a  pMalMlOBfOOoa 

*•    "     •»    •♦       "  "        '•       ••    gTMiedoBdwot,  .t18 

••    •«    oKOlai,    •*  •*        "       "    

"    *    oB  QMt  iron,  with  watar,.SI4 

"     "    on  braao. 

C«p*w«aoak.  fllwaipwallolioaotioa 

X<Oow  eaf  par  oa  oan  icoa 

■nu  oo  oaat  Iron 

"    oa  wTOBglillroB 

.*•     labraaa 

BlMloa  oaat  Iran 

"    oa  wroagMtroB 

f  na«d  attida'  oq  oM\nm','trmmd  Md  var jwctil  Vm5  '..'.'..,'.'. 
"  "      oabraM 
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JU 

.... 

.US 

.... 

.... 

.... 

'.m 

.... 

.las 

.... 

.... 

.114 

.066 

.... 

.8S> 

.... 

.079 

.... 

.oro 

.1(9 

.075 

.esi 

.1ST 

.OSi 

.078 

.... 

.'6m 

.... 

jfm 

.... 

.073 

.058 

.07» 

.... 

.05S 

.... 

.133 

.191 

,  Lard.  PluiB- 


.067 

.07'i 


.078 
.077 
.100      .070 
.103      .075 


.068 


The  lanndtlnip  ftietlon  of  the  wooden  fHgate  Princeton  wss  ftmnd  by  s 
onuDittee  of  the  Frankllo  Institute  in  1844,  to  STeisge  about  .007  or  one-fifteenth 
«f  tha  preemre  during  the  first  .75  of  a  second  and  .022  or  one  forty-fifth  f»r  the 
«nt  4  ssoonds  of  her  motion.  The  slope  of  the  ways  was  1  tn  13,  or  4  degrees  34 
Mnates.  They  weie  hearOy  coated  with  tallow.  Pressure  on  th<>m  «  lft.84  Iba 
pw  Minare  Ineh,  or  8880  lbs.  per  square  foot  Id  the  first  .7ft  of  a  seoond  the  vessel 
■Udt.6  inches;  fa  the  Mxt  4  seconds  1ft  liwt  ft.ft  Inchest  total  for  4.75  seconds  15.71 
fctt 
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PRTCnON. 


^ 


Ifle.  Tb^  IHetloB  of  Inbrieated  snrnicM  Tories  Rreatlj  w 
thft  rhftTHi  (er  ttl  tbtj  aarfs  and  with  that  of  the  lubricant  and  the  manner  of 
ipptkatEoti.  If  tlii'  lubricant  is  of  poor  quality,  and  scantilj  and  unevenlj  ; 
p1Je<)  iiitdtr  Krftti  jifti^  it  mar  wear  away  In  places  and  leave  portions  of  the  d 
eiirf^  In  cuniact.  The  conditiona  then  approximate  to  those  of  unlubrical 
jaiirfiieei.  tint  if  i  ti  e  best  lubricants  for  the  purpose  are  used,  and  supplied  r 
ularliy  and  En  proper  quantity,  so  as  to  keep  the  surfs  always  perfecUyseparat 
ih^  caat*  bi^ettiuL^M  practically  one  of  liquid  friction,  and  the  resistcc  is  Wi 
iniiuIL  B^twiiien  these  two  extremes  there  is  a  wide  range  of  variations  (: 
table,  1  107  {d)\  the  coeff  being  affected  by  the  smallest  chanj^e  in  the  con 
lion  a.  Where  »nY  deK^ee  of  accuracy  Is  reqd,  we  would  refer  the  reader  lo  t 
experliHtiiital  rvmht  ^iven  in  Prof.  Thurston's  very  exhaustive  work,*devoi 
extriuiilTeIr  to  this  intricate  subject, 

107.  (b)  Expts  by  Mr.  Arthur  M.  Wellington  upon  the  ttie  t 
Inbrloatccl  Journals t  eave  a  gradual  and  continuous  increase  of  coeff 
thi'  Tcl  of  ruvoTuttun  diminished  from  18  ft  per  sec  (  ■»  a  car  speed  of  12  mil 
pPT  hourl  tu  a  stop.  This  increase  was  very  slight  at  high  vels,  but  much  mo 
rapid  at  low  un^ii ,  aa  in  Figs  3  and  4.  At  vels  from  2  to  18  ft  per  sec  the  co€ 
was  much  lc<ni  under  high  pressures  than  under  low  ones;  but  at  starting  the 
was  little  diff  In  ihis  respect.  The  coeff  increased  rapidly  as  the  tempen 
tare  rose  trom  WP  to  IWP  and  ISO*'  Fahr, 

(bi  Prot  ThufHton,  also  experimenting  with  Inbrieated  Joamalii 
funiid  that  at  blurring,  the  coeff  iucreasea  with  increase  of  pres,  as  it  did  al 
wheti  Ui  motion,  if  the  pres  greatly  exceeded  the  max  (say  6U0  to  600  lbs  per 
In)  allowable  in  maebinery.  He  also  found  that  at  high  vels  the  co^ttitieretu 
very  alon-ly  (iniiiead  of  continuing  to  decrease)  as  the  vel  increased. 

te)  Prur.  Ttiur.-4T<>n  gives  the  following  approx  rormnlae  rorjonrm 
frfrlloii  ut  ordinarj  temperatures,  pressures  and  speeds,  with  Journal  ai 
bi'flriiig  In  gotKl  erudition  and  well  lubricated: 


€oetr  for  mtartinc  —  (.016  to . 

C'ot^ir  wlNti  the  shaft      ..,  .     „.  v^  i 
~ (.02  to. 08)  X- 


)  X  ^pres  in  lbs  per  sq  in. 
^  l!^    vet  in  ft  per  min 
•  V  preaiulbs  per  aq  id. 

Al  pre««ures  of  about  200  lbs  per  sq  in : 

Trie  I  in  Fahr  degs  — 1«  X  ^vel  in  ft  periifi 

rntitlotii  Tbr>  leveragre,  with  which  Journal  fric  resists  motion,  ti 
ereiueN  wltb  tlie  dlam  of  the  Journal 

(4l)  Tbt:^  Mlowlri!^  figures,  selected  trom  a  table  of  experimental  results  give 
by  Prof.  Thiir<it4in,  merely  show  the  extent  to  which  the  eoeflTo 
JoTtriial  fMe  Im  affeeted  by  prea,  vel  and  tempera  tare;  ar 

iiouee  tiiu  rj»k  hKurred  in  rigidly  applying  general  rules  to  such  cases.  1 
tbesei  pxptfi  the  chnracter  of  JoumiU  and  bearing,  the  lubricant  and  its  niethc 
of  appllcHi  ion,  remnLtiiH]  the  aame  tbrouRhout.  Wber«  tbeae  Tary, still  furthc 
and  much  Kr^ati^T,  variations  in  the  coeff  may  occur. 

Bteei  Joarnnl  In  bronae  bearlnfr,  lubricated  with  atandar 
aperm  oil. 


iipeed  of  revolntion 

30  fept  per  minuie  1 100  feet  per  minuU  vm  ft  per  minll200  ft  per  «ni 


•  i^HeilfO  tnA  Irfvat  Wt^rh  In  Vaeblnerr  and  Mill  Work.    John  Witoj  M  Soiu,  New  York. 
rm***  Ami^  (trto  nf  r^flt  Bn«n.  Kew  York.  I>ee.  I8S*. 
Mnu)  or  tit»  Fnaktla  Instltuu.  HOT.  «l«k 
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(e)  Wli«re  the  C»ree  Is  applied  lint  •■  •ne  sMe  •r  the  Joar- 
nal  Aind  them  on  the  opposite  side,  as  io  crank  pins,  the  fric  u  lea* 
tban  vhere  the  resultant  prea  la  alwars  upon  one  aide,  aa  lu  fiy-wbeel  aliafu; 
becaoae  io  the  former  caae  the  oil  haa  tune  to  apread  itaelf  alternately  upon  both 
aides  of  tlie  journal. 

(r>  Frietlon  rollers.  If  a  Journal  J«  in- 
stead of  reroMng  on  ordinary  bearings,  be  Bup- 
ported  on  friction  rollers  K,  R,  the  force  reauired 
to  make  J  rerolre  will  be  reduced  in  nearly  the 
Mime  proportion  that  the  diam  of  the  axle  o  or 
e  of  tne  roUera,  ia  leoi  than  the  diam  of  the 
rollers  themselrea. 

Mr.  Wellington  experimented  with  a  patent 
bearing  on  tnia  principle,  in^euted  by  Mr.  A. 
Uigley.  Diam  or  rollers  RR,  8  Ins;  of  their 
ax^  0  0  II  ios ;  of  the  Journal  e,  8|  ins.  Here^ 
theortiticaOy, 

*.      -  .».«...*  «v^    diam  of  axles©©       II  ina 

fric  of  patent  Journal  -  frIc  of  H  in  journal  X  ^^^of^W^nR  b"  81ns" 

or  as  1  to  4.A.  Under  a  load  of  279  lbs  per  sq  in,  Mr.  Wellington  found  it  aboat 
aa  1  to  4  when  aUrting  from  rest;  and  about  aa  1  to  2  at  a  car  speed  of  10  miles 
per  hour. 

198.  (a)  Reslstanee  of  railroad  rolllnpr  stoeh.  This  coo- 
sills  of  rol]<ng  fric  between  the  treads  of  the  wheels  and  the  rails  (the  treads 
alao  sometimes  slide  on  the  rails,  as  in  going  around  curves) ;  of  sliding  fric  be* 
tween  the  journals  and  their  bearings,  and  between  the  wheel  flanges  and  the 
rail  heads ;  of  the  resistce  of  the  air;  and  of  oscillations  and  concussions,  which 
consume  motive  uower  by  their  lateral  and  vert  motions,  and  also  increaae  the 
wheel  and  jouruai  frica. 

Its  amount  depends  greatly  upon  the  condition  of  the  road-bed  and  rails  (as 
to  ballast,  alignment,  surf,  spaces  at  the  jointa,  dryness  etc) ;  upon  that  of  the 
rolling  stock  (as  towt  carried,  kind  of  aprfnga  used,  kind  and  quantity  of  lubri- 
cant, ooadltion  and  dimenaiona  of  wheels  and  axlea  etc);  upon  gradea  and  curv- 
ature; upon  the  direction  and  force  of  the  wind;  ana  upon  many  minor  con* 
aideratlona.    Experiments  give  rery  conflicting  results. 

(b)  During  the  summer  of  1878,  Mr.  Welllnirton  experimented  with 
loaded  and  empty  box  and  flat  freight  cars,  passenger  and  aleepfng  cars,  and  at 
speeds  varying  from  0  to  86  miles  per  hour.  The  cars  were  started  rolling  (by 
grav)  down  a  nearlr  uniform  grade  of  .7  foot  per  100  feet,  or  86.5  feet  per  mile, 
and  6400  ft  long.  Their  resistces  were  calculated  as  In^lflfl.  "The  ralla 

were  of  Iron,  60  lbs  per  vd,  and  the  track  was  well  ballasted  and  In  good  line  and 
surf,  but  not  strictly  first  class.*'  The  following  approx  figures  are  deduced 
from  Mr.  Wellington'a  expu  upon  cars  fitted  with  oniinary  journals:* 

Car  Resistance  In  poands  per  ton  (2240  lbs)  of  wol|ght  of 
train,  on  straight  and  level  track  In  good  condition. 


Empty  cara 

Loaded  cars 

Speed  of 

train  in 

OscOlsr 

Oscilla- 

miles per 

Axle, 

tlon 

Axle, 

tion 

hour 

tire  and 
flange 

and 
con- 
euss'n 

Air 

Total 

tire  and 
flange 

and 

con- 

cuss'n 

Air 

TMil 

0 

U 

0 

0 

14 

18 

0 

• 

18 

10 

6 

.6 

.4 

7 

4 

.6 

A 

5 

20 

6 

2.7 

1.8 

10 

4 

2. 

L 

7 

30 

6           5.3 

2.7 

14 

4 

4.7 

tJ 

11 

.  (e)  With  the  Higley  patent  anti-frio  roller  journal,  the  resistce  (osteytiiui  was 
but  about  4  lbs  per  ton.  ^^ 

(d)  Aliottt  midway  In  the  track  experimented  upon,  waa  a  enrwe  of  l<^de« 
Section  angle  (5780  ft  rad)  8000  ft  long,  with  Its  outer  rail  elevated  3  tc  4  ina 

•  Trannotloiis,  AuMriemn  8oel«t7  of  CMl  Enfrlnwri.  Feb  1879. 
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FBicmoif- 


If 


mbdve  lh«  Iddpt  onf»  The  rlM  of  tbe  outer  nil  wu  beirun  od  tlic  tangf  nf  ^aboi 
DOi»  fi  before  rvacbing  the  curirR^  lu  Ibe  lirsl  500  ft  or  the  vur^e  th?  realstoe  iv) 
ffrcHler  Ihan  ihat  en  town  te  red  Just  before  reHchlng  tbe  cgrTu^  by  from  ,6  (o  '2 
(ATerHge  J  J )  lbs  per  lou.  I  n  the  Ijkit  fiOO  ft  of  the  curre  ibi»  exc^M  bad  d^piinuhc 
tu  fruiu  .2  to  .0  ^ttverage  Si  Umi  pf  r  too.  OwjiDg  lo  tbe  cuntinuance  of  Ibe  dow 
ffTade  on  cbe  curve,  l1j«  vfl  incre^wd  M  tbe  iriJii  travera^d  tlie  cuttc;  but 
dd^ti  not  cl^frdy  appear  wbetbi;r  tbe  decri'a»e  lu  curve  rrfti-tilcc  t^ba  due  to  i  i 
increase  in  veJ,  or  t<i  the  fuel  that  tbei  otkcmatloiis  caused  bjf  tUKfriu  j  tbe  curi 
gfadiiaJly  ceased  a4  tbe  train  went  on. 

re)  Hr.  V*  H.  Undley,  experlmentlnK  witb  bla  **  d^'imfrrapb  '**  ol 
Utned  reaultu  from  whicb  tiie  foUowlug  Jire  deduced : 

Tmin  RpfllAtanee  In  MtindM  per  ton  (2240  it^a)  «r  weifflit  o 
tr«iUt  Ineluainif  graidcw. 


l>eBcr 

CflfB 

Iptlon  of 

Emptj 
cara 

train 

■^V'lghltom 
{Tim  Jbs) 

Trip 

Aire  rage 
■peed. 

MiLtJi  per 
bf>ur 

Average 
renlMl-^ 
Rnre. 

29 

ST 
£5 

t 

0 

3         1 

538 
45S 

Toledo  to  CleTe- 
J  and.    95  mil  us 

ClevHiiDdtoErie 
»S.5  miloi 

ErJe  to  Buffalo. 
BR  mile* 

SO 

an 

&34 

7.67 
8.89 

"Wltb  Ib^  lonir  *nd  heavj-  trail]*  of  the  I..  B.  A  M.  S.  Ry,  of  GOO  to  GMtoni,  1 
reqd  Je»«  fuel  witb  tbe  Kameeu^Lue  to  run  triiina  At  ItL  to  21»  miU'B  iier  bour  tbai 
It  did  hi  10  tn  12  miks  jit^r  bour^,  owing  to  tbe  fact  tbat  at  tbe  bibber  ftE>eed 
__iteam  wna  used  Lxp^nsirelf  to  »,  greaier  extent,  aird  beiKO  moFtteconoujicallf, 
100.  The  worh.  In  ft^lba^  r<K|<l  to  overcome  Trie  xhronu- 
aufdlHl,  la  IB  Ibe  frie  In  lbs  X  thedi^t  In  ft.  Jti  oidertbat  b  bodv.iKArttHl  alid 
lug  or  rolling  frei'lr  on  a  hor  plane  nnd  iben  left  to  {tiv^lf.  mnv  do'tbiii  work  ;  m 
maj  allde  or  roll  tbrough  the  given  dist^  Lla  kinetic  eaerjgr  ( =  Ma  « t  In  tba  x  I  ■ 
TeI3  in  ft  per  ih'C  -^  '2ffj)  mUMt  —  tbe  first 'named  prod.  Convi^rKelj-^  the  dis 
Im  It  tbrougb  wbicb  lucb  A  bodj  wHI  AlJdu  or  roll  on  a  bor  |flane,  ta 

tta  lilnftic  enf  rj^r  in  ft-^lin,  al  itrt 

"  fricinlbs 

wtof  bod  f  fo  Ibfl  X  JnUbT  veff  In  ft  per  sec     inltialrelMnft  per  see 

"       W%  of  body  III  Iba  X  coeHf  of  frlc  X  2  ^      ~     coeflf  of  fric  X  2  ^ 

^^     ^^  .  ,  ,        dlat  In  !l,  ao  ffiund  dipt  In  ft 

Tli©tim©r*qa,  Inaecf,  I*  — —  ,.    ,      -  —  — ,  ,   .  ,  , — tt — -, 

^  iiii».nTel,inrtpcrBea     |  initmL  rell  ip  ft  per  b» 

Rnppoae  two  spirillar  iocomot!ire«,  A  and  B  eath  dnirfng  a  train  on  «  Icve 
BtrHigtit  track*  A  at  10  in  11  d«,  and  B  nt  20  mtW,  per  hour.  Tbe  total  remittee  oi 
eai'b  I'ngand  train  (wblrb,  for  convenience^  we  auppoae  to  be  Independent  ol 
Tfjj  Is  KMH)  Lbfi.  llf'MC^  Ibe  force,  or  total  pte;*tn  prv9  in  tbe  two  tryls  reqd  t\ 
l>alanee  tbe  Trie  and  Ihuei  mmtntRin  tbe  rvl^  Is  tbe  EJimc?  in  earb  eng.  In  travel 
lii^  tm  fni/fj  tb!«  fofx'e  d*nw  tbe  aaine  aniount  of  work  (1000  11i>s  X  10  mile 
V  ItKMjNj  |>oui3d-n)lTe«)  In  each  eng,  end  with  tbeaanie  expenditure  of  eteam  li 
Bi^cb;  although  B  must  anpplfBtetm  to  Its  cyls  fiHre  m  Jaat  a«  A,  In  order  ti 
■•Atin/tiifi  In  tbeiu  ibe  same  prim,  I*^  one  Acwrlbe  foree  in  A  does  KKKM)  Ib'UilM 
»«  before,  but  I  but  fn  B  doea  (1000  lb:t  X  20  in  i  lea  *=)  20000  Ib-milea,  and  wit] 
twiee  A'^a  expenditure  of  vteam. 

But  in  fact  the  re«l«tce  of  a  i^Itcd  train  la  much  greater  at  hleber  reU,.  Sen 
tabb*,  Y  1^  (h)  Anderen  if  we  aliU  uaiimed  the  resiilce  to  be  tbeBamcai 
both  Tel%  B  niunt  exert  nmre  force  Ibin  A  In  order  to  acquirr  a  Te)  of  20  cuilej 
|X'r  hour  while  A  li  acquiring  10  miles  per  luniTi 


IL 


■  An  iun  fnt  mpnrutllig  tba  itrnlD  on  tbc4rmv^bar  of  a  IocvidpUt*^  or  tht  U 
Bt«tti  U|>nnlbe  iriliii. 
tf  Hiie«lafftti«4«f  frmtl^Hivj"  if.l|  if  wMjr  M-i- 
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M>.  Natural  Slope.  When  graiiiilar  matariab,  aa  sand,  earth,  grain , 
,  are  deposited  kxM^y.  as  when  they  are  shoTeled  from  a  cutting  or 
iped  from  a  cart,  the  angle,  formed  between  a  level  plane  and  the  slopinje 
ace  of  the  pile  of  material,  ia  called  the  natiiral  slope.  This  angle  de- 
ls uDon  the  friction  and  adhesion  between  the  separate  particles  of  the 
eriaC  and  often  varies,  in  one  and  the  same  material,  from  time  to  time, 
I  changes  in  weather  conditions,  etc..  especially  with  dampness. 


Ftff.  M. 


Dl.  Any  force,  p.  Fig.  85.  acting  upon  a  body,  B,  will  suflSee  to  move  the 
y  (see  foot-note  (*).  ^  1),  provided  it  exceeds  the  sum.  S.  of  all  resist^ 
ss.  including  friction  between  B  and  the  surface  upon  which  B  rests,  or  if 
rms,  with  any  other  force  or  forces,  P,  a  resultant,  R,  greater  than  S. 
'.  befcNe  the  application  of  p,  the  body  is  already  in  uniform  motion.  P  is 
(;  and  any  force,  p.  however  small^  will  suffice  to  change  the  direction  of 
ion.  This  accounts  for  the  ease  with  which  a  revolving  shaft  mav  be  slid 
[itudinaUy^  in  its  bearings,  and  for  the  fact  that  a  cork  may  be  more 
ly  drawn  if  we  first  give  it  a  twisting  motion  in  the  neck  of  the  bottle. 


02.  Classes  of  Iieven.    Figs, 
relative  positions  of  "power, "  *** 


LEVERS. 

86.     Levers  are  classed  according  to 
weight"  *  and  fulcrum,  as  follows: 


iC) 


l5^ 


Fiff.  86. 


Class  1.  Fulcrum  R  between  power  to  and  weight  W ; 
"  2.  Weight  W  between  power  to  and  fulcrum  R; 
"      3.  Power  W  between  weight  to  and  fulcrum  R. 


1  class  2,  the  leverage  of  the  power  is  necessarily  greater  than  that  of  the 
^t.    In  class  3,  vice  versa. 

03.  In  Fig.  86,  taking  the  moments  of  the  forces  about  any  point  at 
ksun^  as  o,  we  have,  for  equilibrium : 


Fig, 
Fig. 


ig.  (a), 

is:  k 


W  .Iw  —  Rln  +  to  .K  "  0; 
W./w  — R^R  — w.^  -  0; 
W  .  /w  —  R  ^R  +  t£>  .  iw  -  0. 


When  levers  are  used  for  lifting  weights  or  for  overcoming  other  reeist- 
es.  the  force  applied  is  called  the  "power,"  and  the  resistance  to  be  over- 
te  ia  called  the  ''weight."  .     .^  .^  .^ . . 
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904.  Compound  levers.  Fig.  87,  may  be  used  where  there  is  not  room 
for  the  arras  of  a  single  lever  ofsumoient  length.  In  a  compound  lever, 
neglecting  friction, 

weight  _  product  of  lengths  of  power  arms  _  8  X  10  X  2  _  160    ^  ^ 
power        product  of  lengths  of  weight  arms        2X1X4  8 

The  three  levers  of  Fig.  87,  taken  separately  and  beginning  at  the  power 
end,  give: 

weight  _   8^  „  4.  19  _  10-  —  -  ^  : 
power         2  '    i  '4         2 

and  4  X  10  X  1^  -  20,  as  before. 


r-«oQ_tjl 


^^T^' 

\'^^ 


# 


-10- 


Y B J^^ 


Wig.  87. 


Wig.  88. 


Fig.  88. 

The  power  is  usually  ap- 


Plnions. 


205.  Toothed  or  Cos  Gearing.    Wheels  and 

These  are  a  series  of  continuous  compound  levers.     The  ^  _ _^ 

plied  to  a  crank,  c,  and  the  weight  is  attached  to  a  drum,  d.  The  larger 
wheel,  w,  on  a  given  shaft,  is  called  the  wheel;  the  smaller  one,  p,  the  pinion. 
Let  c  —  the  radius  of  the  crank,  d  —  that  of  the  drum,  m  —  the  product 
of  the  radii  of  the  pinions,  and  n  —  the  product  of  the  radii  of  the  wheels. 
Then,  neglecting  friction, 

weight        c  ,n 

power        m  .  d 

Instead  of  the  several  radii,  we  may  of  course  use  the  corresponding  diam- 
eters or  circumferences ;  and,  as  the  teeth  are  necessarily  of  eoual  pitch  " 
(len^h,  measured  along  the  circumference),  the  number  of  teetn  on  a  wheel 
or  pmion  is  usually  taken  instead  of  the  radius. 

When  the  ratio,  — ^— ,  is  great,  the  system  is  said  to  be  of  high  ffear. 
power        •       •  ^  «     • 

When  that  ratio  is  small,  we  have  low  sear. 

Compound  levers  and  gearing  are  used  for  converting  low  into  high  veloc- 
ity, as  well  as  for  lifting  great  weights  by  means  of  small  powers.  When 
used  for  increasing  the  velocity,  the  positions  of  power  and  of  weight  are  the 
reverse  of  those  shown  in  Figs.  87  and  88. 

206.  Whenever  the  power  and  the  weight  balance  each  other,  either 
in  a  single  lever,  or  in  a  connected  ssrstem  of  levers  or  leverages,  of  any 
kind  whatever,  then  if  we  suppose  them  to  be  put  into  motion  about  the 
fulcrum,  their  respective  velocities  will  be  in  the  same  proportion  or  ratio 
as  their  leverages;  that  is,  if  the  leverage  of  the  power  is  2,  5.  or  50  times  as 
great  as  that  of  the  weight,  the  power  will  move  2.  6,  or  60  times  as  fast 
as  the  weight.  Therefore,  by  observing  these  velocities,  we  may  determine 
the  ratio  of  the  leverages.  The  weight  and  the  power  are  to  each  other, 
therefore,  xnvertely  as  their  velocities,  as  well  as  inversely  as  their  leverages. 

207.  No  mechanical  advantage  is  gained  by  merely  increasing  the  lenath 
of  a  lever,  as  by  curving  it,  as  at  abo.  Fig.  4,  f  13,  or  by  giving  it  an  in- 
clination to  the  line  of  action  of  the  power,  P,  as  at  o  m,  o  u  or  o  n. 
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(08.  Thus,  in  Fij;.  89,  representing  a  bent  lever,  a  f  h,  the  lenath  of  the 
T.  or  of  any  of  its  members,  as  /  6,  must  not  be  confounded  with  the  arm 
Ureraoe  of  the  force  actine  upon  the  lever.  These  may  or  may  not  be 
lal.  Thus,  the  member  fo  is  much  longer  than  the  member  /  a;  yet,  if 
arms,  /  a  and  /  e,  of  the  forces  or  weights  are  equal,  the  weights  n  and  m 
St  also  be  equal  in  order  to  insure  equilibrium. 


FlffT.  89. 

M>9«  If  the  weight  m  be  removed,  a  force  e,  or  »,  or  y,  or  d,  with  leverage 
r',  Jr',  y*,  d\  respectively,  may  be  applied  at  any  point,  as  b,  to  balance  the 
ment  of  n.     In  any  case  this  force  must  be  such  that 
force  X  its  leverage  —  n.af. 


force  ' 


n.af 


leverage  of  force* 


;10.  Hence  also  the  force  required  is  leaat  when,  as  at  y,  it  is  perpendicular 
he  lenjsth  of  the  member /b;  for  the  leverage  (which  evidently  cannot  ex* 
i  f  b)  la  then  greatest.  The  force  required  increases  as  it  deviates  in 
wr  direction  from  the  line  b  y  (perpendicular  to  /  b)  and  approaches  more 
jiy  to  the  direction  of  /  &  itself;  for  its  leverage  then  constantly  decreases, 
force,  however  great,  could  balance  the  moment  of  n  about  /,  if  applied 
he  direction  /  b,  or  b  /;  for  such  a  force  would  have  no  moment  sbout  /. 
Sll.  Simllarlv.  in  Fig.  90,  the  moment,  about  a,  of  a  load  W,  placed  at  b, 
-  W.  aetortnesameasif  it  were  placed  ate,  and  not  «-  W.a  b. 


FliT.  90. 


ri> 


Figr.  91« 


i 


12.  In  Figs.  91,  also,  the  moments  W.  o  e  and  W.  </«',  of  the  equal 
ghts.  W  and  W,  are  equal.  But  if  forces,  p  and  p',  be  applied  in  direc- 
i»  perpendicular  to  the  longer  beam,  o  t,  the  leverage  o  t  of  p  becomes 
.ut  6  times  that  (</  O  of  p'.  Hence  a  force,  p,  applied  at  t  has  alMutAhe 
>e  bending  moment  as  a  paraUel  force  -  6  p,  applied  at  c'.^  g  t'^ed  by  ^UU^ 


• 


STABILITY. 

213.  Stability.  Figs.  92.  If  the  resultant.  R.  Fig.  (a),  of  the  foree 
ftncJ  weight  W.  falls  beyond  the  base,  as  shown,  then  the  overturning  momei 
of  P,  Fig.  92  (6),  about  the  toe  n,  will  exceed  the  moment  of  .stability  of  tl 
weight  W  about  the  same  point,  and  the  body  will  overturn  about  n.  If  no 
It.  will  aland. 

S14.  Assuming  stability  against  overturning,  the  body  will  slide  if  tl 
ht^rizontal  component.  A,  of  R.  Fig.  92  (a),  exceeds  the  frictional  and  otb 
resistances. 

215.  In  practice,  the  toe,  n,  or  the  ground  beneath  it,  might  yield  if  tl 
stune  revolved  upon  it,  or  if  R  fell  near  n  (see  ^K  145.  etc.);  but  this  is 
qu<>stion  of  strength  of  materials.  Cement,  clamps,  etc..  between  the  bai 
find  the  ground,  would  add  a  third  force,  and  thiis  change  the  problem. 


216.  Owing  to  the  greater  leverage.  /»,  Fig.  93,  of  W  about  a,  the  momei 
of  stability  is  much  greater  about  a  tnan  about  b. 

217,  In  Fig.  94.  let  G  -  2  tbs.:  a  -  1  lb.;  leverages  -  3,  4  and  6  ft.,  t 
shown.  Then  the  moment  of  stability  of  the  rectangular  body.  G.  again: 
a  horizontal  force.  P,  is  =  3G-3X2  =  6  ft.-lbs. ;  and  the  moment  of  tb 
lower  triangular  body.  0.  is  —  4i7'~4Xl— 4  f  t.-tb«. ;  so  that,  although  tfa 
larger  body  weighs  twice  as  much  aa  the  smaller  one,  yet  its  moment  < 
■militv  is  only  1.5  times  as  great. 


218.  Work  of  Overturning.  In  Figs.  95  (a)  and  (&),  let  the  8hade( 
rtortion  of  each  figure  be  of  leaoT.  and  the  remainder  of  wood,  and  let  th 
t  enter  of  gravity  of  the  entire  body,  in  each  case,  be  at  G.  Then,  since  th 
weight.  W.  is  the  same  in  both  cases,  as  is  also  its  leverage  of  stability,  abou 

o,  —      .  the  moment  of  stability,  —  •—  6.W,  is  the  same  in  both  cases,  as  i 

kIso  the  force,  P,  required  to  balance  that  moment  when  applied  at  a  givei 

<  livation,   e.     Ajb   overturning   proceeds,   the   weight,   W.   remaining  un 

<  K-inged,  the  leverage  and  moment  of  stability,  and  the  overturning  momen 
r«'ici£red,  decrease,  becoming   —  0  when  the  bodies  reach  the  position 
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riiownby  the  dotted  lines.  If  the  elevation,  0,  remains  constant,  the  forces 
P.  required  for  overturning,  decreases  in  the  same  proportion  as  the  lever* 
•«e,etc. 

219.  But  in  order  that  the  bodies  may  be  overturned  by  the  force  of  grav- 
ity sloDe,  they  must  be  brought  into  the  positions  shown  by  the  dotted  lines. 
This  requires  that  the  weights  of  the  bodies  be  lifted  through  a  height  —  the 
(iistanoe.  A,  through  which  their  centers  of  gravity,  Q,  are  raised.    Hence 

work    of    overturning    —    W.A. 

%»e  h  is  greater  in  Fig.  (b),  the  work  of  overturning  is  greater  in  that  case. 

In  dvil  engineering  we  are  generally  concerned  with  the  amount  of  the 
/orce  vhieh  will  begin  overturning,  rather  than  with  the  amount  of  tocrfc 
required  to  complete  the  overthrow. 

220.  Stability  against  overturning  is  of  course  a£Feeted,  and  may  be  in- 
creased, by  forces  other  than  the  weight  of  the  body  itself.  Thus,  the 
stabihty  of  a  bridge  pier  is  ordinarily  increased  by  the  weight  of  the  bridge 
itKlf  if  this  be  brought  upon  the  pier  symmetrically.  Otherwise  the  weight 
of  the  bridge  may  either  increase  or  diminish  the  stability  of  the  pier,  accord- 
ing to  circumstances. 

221.  The  coefficient  of  stability,  in  any  given  case,  is  the  ratio  of  the 
moment  of  stability  to  the  overturning  moment.    Or, 


Coefficient  of  stability 


moment  of_  stability 
overturning  moment' 


222.  Let  the  weight,  W,  of  the  stone  in  Fig.  96  be  10  lbs.,  G  its  center  of 
paviiy,  and  o  9  —  2  feet.  Then  the  moment  of  the  weight  about  o,  or  the 
moment  of  stability  about  o,  is  10  X  2  *-  20  ft.-tbs. ;  and,  if  o  n  -  5  feet,  a 

force  P  —  —   i-  4  Rw.,  will  just  hold  in  equilibrium  the  moment  of  the 

6 
weight,  so  that,  except  at  the  comer,  o,  no  pressure  will  be  exerted  upon  the 
^ise  0  m,  although  the  stone  remains  in  contact  with  the  base.     If  the  force 
P  exceeds  4  tbs..  the  stone  will  begin  to  turn  about  o.     If  P  is  less  than  4  lbs., 
the  stone  will  exert  a  pressure  upon  the  base  o  tn. 
Let  the  stone  be  supported  at  o  and  at  m  only.     The  leverage  of  the  sup- 

Krting  force  R,  at  m,  is  —  the  length  o  m  of  the  base,  —  l.    Let  P  —  1  and 
ae  0  m  —  4.5  ft.     Then,  for  equilibrium, 

W  .0  g  —  P. on —  R.om  —  0; 
or.  20  ft.-lbs.  —  1  X  6  -  4.5  X  R; 


R-^--«-3.33. 


.lbs. 


In  other  words,  a  vertical  upward  force,  R,  of  3.2 
iBsintain  equilibrium. 


^^ 


.  lbs.,  at  m,  wiU 


Flff.96. 


223.  In  Fig.  97  (&),  let  9  be  the  center  of  gravity  of  the  load  W  and  tha 
Then,  upward  reaction  of  6  —      .V  -.   Those 
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W)Ie,  combined.  Fig.  97  (a) 

of  a  and  e  may  be  similarly  foimd. 


( 

i 


4  £4 


DXAXXUDa 


In  Fiff.  98.  let  h  be  the  horizontal  force  exerted  at  the  crown  by  tb 
aifof  the  arch,  fusainst  the  half -arch  ahown,  and  e  its  leverasi 


2S4. 

left-hand  half ^ 

about  o.     Let  W  be  the  weight  of  the  half-arch  with  its  spandrel,  acting  as  i 
biogle  rigid  body,  and  /  its  leverage  about  o.     Then,  for  equilibrium,  we  havi 


A.«  -  W.Z;  or  A  - 


W.I 


FliT-  08. 


rig.  99. 


Stability  on   Inclined   Planes. 

235.  Stability  on  Inclined  Planes.  Fig.  99.  Here,  as  in  If  213.  if  the  re 
eultant,  R,  of  the  force  P  and  weight  W,  falls  beyond  the  base, — ».  e.,  if  th< 
overturning  moment  exceeds  the  moment  of  stability, — ^the  body  will  over 
turn.     If  not,  it  will  stand. 

The  force,  P,  in  any  given  direction,  required  to  prevent  overturning,  i 
-=  the  anti-resultant.  A,  of  weight  W  and  reaction  R;  and  reaction  K  - 
anti-resultant  of  force  P  and  weight  W. 

226.  Neglecting  friction,  as  in  Fig.  99  (a),  R  will  be  normal  to  the  plane 
Taking  friction  into  account.  Fig.  99  (b),  R  may  form,  with  a  normal.  N.  t< 
t  he  plane,  an  angle,  a,  not  exceeding  the  angle  of  friction  between  the  bod^ 
Kiid  the  plane.   R  may  be  either  uphill  or  downhill  from  N. 

227.  In  Fig.  100,  the  body  B  has  less  stability  against  overturning  about 
iU  toe,  a.  than  has  the  similar  body.  A,  when  the  force,  n,  tends  to  upset  it 
downhill;  but  a  greater  stability  than  A  against  overturning  about  e  undei 
the  action  of  a  force  tending  to  upset  it  uphill. 

228.  The  body  C.  which  would  upset  if  upon  a  horizontal  base,  would  b< 
stable  against  overturning  if  placed  upon  an  mclined  plane,  as  at  D.  Assum- 
bigao  ^  tc,A  given  upward  vertical  force  would  have  the  same  overturning 


moment,  whether  applied  at  a  or  at  e.  But  a  given  horizontal  force,  applied 
at  any  given  height,  as  at  g,  has  a  greater  leverage,  g  o,  when  ptishing  down- 
hill than  when  pushmg  uphill.     In  the  latter  case  its  leverage  is  only  g  t. 

229.  Structures  built  upon  slopes  are  liable  to  slide.  This  may  be  ob- 
viated by  cutting  the  slope  into  horizontal  steps,  as  at  d  y.  Fig.  £;  but  the 
\'ortical  faces  of  such  steps  break  the  bond  of  the  masonry ;  and,  moreover, 
the  joints  being  more  numerous,  and  the  mortar  therefore  in  greater  quan- 
tity, on  the  deeper  side,  «  d,  than  on  the  shallower  uphill  side,  e  y,  the  struc- 
t  ure  is  liable  to  unequal  settlement,  the  downhill  side  settling  most  and  tend- 
kv%  to  split  away  from  the  uphill  portion,  as  might  be  the  case  with  a  founda- 
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firm  in  some  parts  and  compressible  in  others.  Hence,  wben  eifcutn* 
»9  permit,  it  is  preferable  to  level  o£F  the  foundation,  as  at  <i  v;  or,  if  ibe 
ture  has  to  withstand  downhillward  pressures,  v  should  be  lower  %hma 
d  the  courses  of  masonry  laid  with  a  corresponding  inclination. 

THE  CORD. 
O.  The  Cord.     Figs.  101  (a)  and  (b)  and  102  (a)  and  (b).      In  ft  230 
$9  we  deal  with  cords  supposed  to  be  perfectly  flexible,  inextensibki, 
oolesB,  weightless  and  infimtely  thin. 


Flff.  101. 


1.  Let  P  be  the  external  force  applied  to  the  cord  at  the  knot  or  pm.  <s 
et  R  be  the  resultant  of  the  stresses,  si  and  Ss*  or  o  a  and  o  6,  in  the  two 
ents,  o  m  and  o  n,  of  the  cord.  Them,  for  equilibrium,  R  must  be  e(]iml 
d  ooUnear  with  P. 

2.  Knowing  the  amount  of  P  (  —  R),  the  tensions  Si  and  «i  may  bo 
i  bv  means  of  5  36:  and,  vice  versa,  given  si  and  %,  we  may  jflnd  H 
0  by  1  35.     Or  see  1  40. 

3.  If,  as  in  Figs.  101  (a)  and  (b),  the  force  P  be  applied  to  the  cord,  at  o, 
eans  of  a  fixed  knot,  incapable  of  sliding  along  the  cord,  so  that  the  mg^ 
s,  o  m  and  o  n,  of  the  cord,  are  of  fixed  lengths,  and  the  angle,  t  +  y, 
een  them,  of  fixed  magnitude,  then  the  force  may  be  applied  in  any 
tion,  as  P  or  P',  passing  between  the  two  sennents  of  the  cord;  and  the 
K>nent8.  9%  and  Sx,  will  be  equal  only  when  R  (P  produced)  forms  equal 
s,  X  and  y.  with  the  two  segments  of  the  cord.  If  the  direction  uf  the 
,  as  P",  coincides  with  either  segment,  as  o  n,  of  the  cord,  that  eegjfient 
imits  the  entire  force,  P",  and  the  other  segment  none. 


Flic.  109. 

S4.  But  if,  as  in  Figs.  102  and  103,  the  force  P  be  applied  to  the  cord  1>y 
ns  of  a  frictionless  ring,  dip-knot,  pin  or  pulley,  etc..  then,  for  equilth- 
1,  the  two  stresses,  «i  and  ss,  must  be  equal,  as  must  also  the  two  anpk^. 
id  v:  and,  if  we  suppose  the  direction  of  the  force  P  to  be  changed^  as  ta 
;he  pin  uid  the  cord  will  readjust  themselves,  as  indicated  by  the  dotted 
I  in  Fig.  103,  until  the  pin  finally  comes  to  rest  at  that  point,  0*^  whert 
togles,  x' and  y',  are  equal,  and  also  the  stresses,  «i' and  «s'.  r^^^^^ 
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235.  Even  thoUjKh  the  pin  or  pulley  be  ri^dly  fixed  to  some  external  ob- 
ject, as  at  o,  Fi^.  104,  yet,  if  there  is  no  friction  at  its  axle,  or  between  it 
and  the  cord,  the  components,  ti  and  tt*  ^"dll  still  be  equal,  and  their  resultant. 
R,  will  bisect  the  angle,  x  +  y,  oetween  them.  In  other  words,  the  ansleBt 
X  and  Vt  will  be  equal. 


riff.  105.  ^^ 


236.  When  the  pin  is  moTable.  Figs.  102  and  108,  to  find  the  poeitioii,  •, 
Fig.  105,  which  it  will  assume.  From  the  end.  n,  of  one  of  the  eegmenti,  o  m 
of  the  cord,  draw  n  v  parallel  to  P.     From  the  end,  m,  of  the  other  i 


with  radius  ^  mo  +  on^  ^  length  d  cord,  describe  an  arc,  cutting  n  *  ia  <!. 
Bisect  n  dine.  Draw  e  »  nomua  to  n  «,  interaecting  m  4  in  o.  TheBOistbe 
required  point. 

237.  Whether  o  be  a  fixed  knot  or  a  movable  pin  or  pulley,  it  is  always  in 
the  circumference  of  an  ellipee  whose  foci  are  at  the  ends,  m  and  ii*  of  the 
oord. 


Fiff.  loe. 


238.  From  the  foregoing  it  follows  that,  if  o.  Fig.  lOfi,  be  a  fixed  knot,  and 
if  the  other  pins  or  pulleyB.  etc.,  are  frictionless,  the  stress  a  o.  or  ei,  will  be 
transmitted  uniformly  throughout  the  left  segment  of  the  cord,  from  e  to  its 
end  at  m;  and  60,  or  %,  throughout  tlM  right  segment,  from  e  ton. 
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230.  Caution.  Note  that,  in  Us.  107  (&)»  the  stresses  in  all  the  cords  are 
twice  as  gieat  as  the  stresses  in  the  oorresponding  cords  in  Fis.  107  (a), 
althoo^  e^eb  Fi^  shows  a  load  >■  4  suspended  from  the  pulley.  Thus,  if 
the  weight  be  that  of  a  man,  hanging  bv  the  rope,  and  if  the  rope,  in  Fig.  (a), 
be  just  sufficiently  strong  to  hold,  it  will  break  if  he  gives  one  end  of  the  rope 
to  another  man  to  hold,  or  makes  it  fast,  as  in  Fig.  (6). 


The  Fonleular  Machine. 

940.  When  the  angles,  x  and  y.  Figs.  10 1,  etc.,  are  very  great,  a  very  small 
farce.  P,  will  balanoe  a  very  great  stress,  8\  or  at*  in  the  cord.  When  '  "■  V 
^  MP,  we  have  cos  x  —  cos  y  —  0,  and  si  -*  st  "  infinity,  however  small  P 
may  be.  If  a  line,  m  n,  joining  the  ends  of  the  cord,  is  horizontal  or  inclined, 
the  weight  of  the  eord  itself  acts  as  a  force  P.     Hence 

"There  is  no  force,  however  great,  can  stretch  a  cord,  however  fine,  into 
A  horisontal  line  that  shall  be  absolutely  straight." 

241.  The  funicular  machine  takee  advantage  of  the  fact  that,  when  the 
total  an^e,  x  +  y,  between  the  two  segments  of  the  cord,  approaches  180°, 
a  small  force,  P,  may  balance  great  stresses,  «i  and  St.  Thus,  m  Fig.  108,  let 
W  represent  a  heavy  boat  (seen  in  plan)  which  is  to  be  hauled  ashore.  One 
ad  of  a  rope  being  made  fast  to  the  bow  of  the  boat,  the  rope  is  passed 
around  one  smooth  poet,  n,  to  another,  m,  around  which  it  is  given  one  or 
more  whole  turns ;  and  a  man  stands  at  the  end,  «,  to  take  in  the  slack ;  while 
ocben,  taking  hold  of  the  rope  between  m  and  n,  pull  it,  in  the  direction  of  P. 
into  a  position  mon.  If  the  two  angles,  x  and  y,  are  equal,  the  component 
in  the  segment  o  n  exceeds  P,  so  long  as  the  an^le  x  exceeds  60°,  and  a 
poU.  equal  to  this  oomponent  (except  in  so  far  as  it  is  reduced  by  the  rigidity 
of  the  rope  and  by  its  mction  acainst  the  poet  n).  is  exerted  upon  the  boat  at 
W,  drawmg  it  a  snort  distance  up  the  beaoh.  The  rope  is  then  straightened 
•eiin,  from  m  to  n,  by  taking  in  the  slaok  at  e,  and  the  operation  is  repeated 
•soften  as  may  be  necessary. 
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The  Toffsle  Joint. 
942.  The  togKle  joint.  Fig.  lOtt,  is  simply  an  inversion  of  the  funicular 
machine  with  anxed  knot,  the  force  P  ana  the  components,  »\  and  ««.  being 
pnshes  or  compressions,  instead  of  pulls  or  tensions.  The  joint  being  unable 
to  move  along  the  arms,  the  force  P  may  be  applied  in  any  direction  at  pleas- 
ure, but  it  is  usually  exerted  in  a  direction  forming  approximately  equal 
ani^  with  the  two  arms.  Digitized  by  L^OOg  l€ 
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The  PoUey. 

243.  Figs.  110  show  the  relations  of  stresses  and  weighta  in  several  ar* 

rangementsof  fixed  and  movable  pulleys.    Thus,  in  (a).  1  lb.  balanoes 

1  lb.,  in  (6)  2  lbs.,  in  (c)  and  in  id)  4  lbs.     In  each  case,  if  the  bodies  or 

weights  be  set  in  motion,  their  velocities  are  inversely  as  their  masses.     See 


W) 
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244.  The  simple  pulley.  Fig.  110  (a),  is  used  simply  for  convenience  of 
ehanpng  direction  of  stress,  for  the  forces  at  the  two  ends  of  the  oord  are 
*^«L»^*  *"  ^^-^  compound  pulley.  Figs  110  (6),  (c).  (d),  a  smaU  force  (the 
rtK  "LJ*  f?"V'^  rapidly,  at  one  part  of  the  rope,  balances  a  greater  foroe 
DunevU^iVV  ™oy»°K  slowly,  at  another  part.  Hence,  the  compound 
miiLZ  S  "^a,'?''  the  purpose  of  overooming  great  resistanoes  slowly,  by 
means  of  small  forces,  moving  rapidly. 

ouhSVh'^?  fu'  ^"^^  Mu  ^^^*T  !/?  ™ot»o?  ♦  (»•  «•.  to  raise  the  "weight")  wh 
JtJ^i.,  ♦t^**®  eguihbrium  be  disturbed  by  making  the  *'power"  exceed  tSs 
stress  in  the  cord  due  to  the  "weight."     But  the  motion    once  Sn^tS 

weight    to  balance  the  resistances  of  friction,  etc.  »*^»vw  uian  uie 

24«    T    T.  '''***  I-oaded  Cord  or  Chain. 

to  thS'  caSe  of  k^fli  *j5f,  P'l^SP^*'  **'i>*?®  *^^  polygon.  ^IT  86.  etc..  is  applied 
at  fixAH  ^  ^^  *  flexible  cord  or  cham,  sustaining  four  loads.  A.  "*^*^'*r* 
'ncffl ?"uIl.V°at  lu'i^'  hojBjntJ  t  pull,  fif at  iU lo^eSd.'  iidS; 

♦  See  foot-note  (*),  f  l. 
t  See  foot-note  (*),  ^  249. 

Digitized  by  CiOOg  IC 
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(D-2,  Fi«.  a)  of  the  teaman,  0-%  in  segment  2-3,  is  -  pi  +  Pi;  that  in  oeff- 
mcDt  3-4  is  0-3  —  Pi  +  P»  +  P«.  etc. 

24B,  If  ail  the  loads  (includingW)  be  increased  in  the  same  proportion,  as 
indicated  by  the  dotted  lines  in  Fig.  Ill  (a),  or  diminished  in  the  same  pro- 
portion, the  new  triangles,  cf  A'  0.  etc.,  Fig.  (a),  will  be  similar  to  the  old, 
and  the  profile  of  the  cord.  Fig.  (b).  will  remain  unchanged,  although  the 
ftresses-in  its  segments  will  of  course  be  increased  or  diminished  in  the  same 
proportion. 

249.  In  Fig.  Ill  we  make  the  wei^t,  W,  which  is  necessarily  equal  to 
the  horizontal*  pull.  H   (see  The  Cord,  II  230,  etc.),  equal  also  to  the 


w       |. 
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•am  of  the  loads,  pi .  .  .  p4.  When  this  is  the  case,  the  cord  segment,  0-74, 
next  to  the  support,  a,  and  the  corresponding  line,  c-4.  Fig.  (a),  will  be  in- 
clined 45^  to  the  vertical. 

250.  But  if,  while  the  loads,  V\  .  .  .  Pa,  remain  unchanged,  we  raise  the 
pulley  m.  so  as  to  keep  U  horisontal,*  we  shall  obtain  a  flatter  curve,  as  in 
Fig.  112;  and,  for  equilibrium.  H  (—  W)  must  be  made  greater  than  the 
Bum  of  Pi  ...  P4*  v)n  the  other  hand,  if  we  place  the  pulley,  m,  lower 
than  in  Fig.  Ill  (still  keeping  H  horisontal),  we  obtain  a  deeper  curve,  as  in 
I'lg.  113;  and  H  (  -•  W)  must  be  made  U$9  than  the  sum  of  pi  .  .  .  P4. 

*  In  Figs.  111.  112  and  113  we  suppose  the  weight.  W,  and  the  position  of 
tlie  pulley,  m.  to  be  so  adjusted,  relatively  to  the  support,  €u  thatl^®  P^^*  ^* 
ahsa  reniin  horiaontal,  '9' '^^^  br^*OOg . 
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AKCHES,  DAMS»  ETC.    THBUST  AND  RESISTANCE  IJlfK& 

The  Arch. 

In  ^^  251  to  257  are  given  the  elements  of  the  commonly  BfOoepied  tlieory 
of  the  arch.  For  practical  eonaiderations.  Bee  1^  258  to  206*  and  Stone 
Bridges. 

251.  If  Figs.  Ill,  112  and  113  be  inverted,  the  cord  segments  will  recNre- 
sent  stmts,  sustaining  compression,  as  do  the  stones  of  a  masonry  arch,  r'ic* 
114. 

Thrust  Line.    Resistance  Line. 

252.  Jn  the  case  of  an  arch,  Fi^.  114,  assuming  *  that  the  horixontal  thrust 
H,  at  the  crown,  m,  and  the  reaction.  K,  of  the  skewback,  a,  act  at  the  oenter 
(or  at  some  other  definite  point)  or  crown  and  of  skewback,  respectively, 
their  amounts,  and  the  direction  of  the  reaction,  R,  may  be  found  by  means 
of  the  Force  Triangle,  1  51,  or  by  Moments,  \  224.  (See  ^  257.)  We  then 
suppose  the  half -arch  and  its  spandrel  to  be  divided,  by  vertical  planes,  *  Fie* 
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114  (&),  into  a  number  of  segments,  as  shown;  and,  finding  the  weif^t  and 
the  center  of  gravity  of  each  such  segment  (see  ^^  257  and  266),  we  treat 
these  segments  as  we  treated  the  toads,  pi  ...  pi.  of  Figs.  Ill  to  113,  lay- 
ing them  off  from  0  to  6,  Fig.  1 14  (a),  and  lajring  off  0-c  horixontal  and  -•  H. 
The  rays,  c-1,  c-2,  etc..  then  give,  theoretically,*  the  directions  and  anaounts 
of  the  pressures  exerted  by  the  segments.  1,  2,  etc.,  respectively. 

The  broken  line,  mde  f  .  .  .  .a.  Fig.  114  (b),  thus  formed,  is  called  the 
Hrust  line,  or  line  of  resultants.     It  corresponds  with  the  cord  p<^yRons  of 
gs.  111(6).  etc.* 

253.  The  resistance  line  is  a  broken  line  joining  the  pointy  where  the 
vera!  resultants,  forming  the  thrust  line,  cut  the  respective  joints  between 
e  arch  stones. 

254.  When  the  planes,  by  which  the  arch  is  supposed  to  be  divided  into 
jegments.  are  vertical,*  as  in  Fi|(.  114  (b),  and,  indeed,  in  most  actual 
arches,  the  thrust  and  resistance  lines.  Fig.  115.  practically  coincide;  but  if 
these  planes  are  far  from  vertical  as  in  Fig.  115,  the  two  lines  a^Muate  thf 
resistance  line  being  always  the  outer  one. 

Thus,  in  Fig.  115  (where  the  thrust  line  is  shown  solid,  and  the  ivsistanoe 
line  dotted),  noticing  where  resultant  a  cuts  joint  A,  where  resultant  6  cuts 
joint  B,  etc.,  it  will  be  seen  that  the  two  lines  practically  coincide  as  far  as  to 
joint  C,  where  they  begin  to  diverge. 


*  See  Practical  Considerations,  ^^  258,  eto.  OglC 
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5*  In  Y  252  we  aaBttmed  that  tbe  mreh.  And  its  spandrel  are  divided  into 
eal  segments,  ineapable  (except  in  the  aroh  rinc)  of  exertinc  other  thiui 
eai  pressures.  The  theoretieal  resistance  line,  thus  obtained,  may. 
dall^  in  deep  arches,  pass  from  the  thickness  of  the  arch  ring  in  places; 
at,  if  no  other  forces  were  actins,  the  aroh  would  open  at  such  places; 
le  intrados  when  the  resistance  Tine  cuts  the  extraaos,  and  vice  Tersa; 


Fly.  110. 

ueh  opening  is  nsuallv  prevented  by  other  forees,  such  as  the  borizontalk 
clinea  pressures  of  the  spandrels.  The  actual  resistance  line  is  thus 
tied  witnin  the  thickness  of  the  arch  ring.  In  general,  the  actual  resist- 
line.  Fig.  116,  approaches  the  extrados  at  the  crown,  and  the  intrados 
D  haunches,  so  that  the  arch  tends  to  sink  at  the  crown  (opening  there 
e  intrados),  and  to  rise  at  the  haunches  (opening  there  on  the  extrados). 
own. 


Flff.  116. 


6.  In  order  to  avoid  any  tendency  of  the  Joints  to  open  at  either  sidstf 
irch  should  be  so  designed  that  the  actual  resistance  line  shall  every- 
e  be  within  the  middle  third  (see  ^%  145,  etc.)  of  the  depth  of  the  aroh 

;?•  In  general,  the  design  of  an  arch  is  reached  by  a  series  of  approxima- 
I.  Tims,  a  form  of  arch  and  spandrel  must  be  assumed  in  advance,  ia 
r  to  find  their  common  center  of  gravity  for  the  purpose  of  determining 
Kmsontal  thrust,  H,  and  the  skewbaek  reaction.  R,  as  in  ^  252;  and.  3 
afterward  found  necessary  to  modify  the  fonn  first  assumed,  in  order  to 
rfy  the  requirements  of  ^  25ft,  or  for  other  reasons,  we  may  have  to  r»* 
pute  U  and  R,  again  modifying  the  design,  and  so  on.  igitized  by  V^OOQ  IC 
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Practical  ConslderatloiiB* 

258.  While  the  theoretical  thrust  and  resistance  lines,  baaed  upon  ^li« 
foregoing  assumptions,  are  easily  found,  much  uncertainty  exists  as  to  thm 
positions  of  the  actual  thrust  and  resistance  lines  in  a  masonry  arch. 

259.  In  the  first  place,  we  do  not  know  through  what  points  in  tha  ciowrii 
and  skewback,  respectively,  the  resultants,  H  and  R,  pass. 

260.  Again,  we  have  assumed  that  the  loads  on  the  arch,  like  those  on  ttie 
cord.  Figs.  Ill  to  113,  are  incapable  of  acting  otherwise  than  vertically: 
whereas  the  spandrel  walls  and  filling,  which  form  a  large  portion  of  the  load 
on  a  masonry  arch,  may  offer  resistances  acting  in  other  directions.  If  tlie 
loading  were  a  liquid,  like  water,  its  pressures  ui>on  the  arch  rin^  would  be 
radial,  like  those  of  the  particles  of  steam,  in  a  boiler,  upon  the  boiler  tubes ; 
and  this  condition  is  probably  more  or  less  closel^r  approximated  in  the  c&sa 
of  a  loading  of  clean  dry  sand;  and,  less  closely,  in  the  case  of  earth  filling. 
Hence,  although  the  determination  of  the  theoretical  thrust  and  resistance 
lines  in  an  arch  is  facilitated  by  the  assumption  that  the  arch  is  correctly 
represented  by  the  Inverted  cord,  the  distinction  between  the  two  cases  maat 
be  borne  in  mind  when  drawing  practical  conclusions  from  the  Hues  so  found. 

261.  Thus,  in  many  cases,  the  theoretical  thrust  and  resistance  lines  cut 
the  intrados  or  the  extrados  in  places,  thus  passing  entirely  out  of  the  arch 
rinfs;  so  that  this  would  inevitably  fall  (see  ^  255),  were  it  not  for  horizontal 
or  inclined  resistances  exerted  by  the  upper  parts  of  the  abutments  throusb 
the  spandrel  walls  and  filling.  <im 

262.  Hence,  in  order  to  determine  the  actual  resistance  line,  we  should 
not  only  have  to  know  through  what  points,  in  crown  and  in  skewback 
respectively,  the  resultants,  H  and  R.  pass,  but  we  should  also  have  to  ascer- 
tain and  take  into  account  the  possible  horizontal  and  inclined  resistanoes  of 
the  spandrel  walls  and  filling.  But,  as  this  is  ordinarily  impracticable,  we 
content  ourselves  either  with  determining  the  theoretical  thrust  and  resist* 
ance  lines,  as  directed  above,  and  then  estimating,  as  well  as  may  be,  the 
resistances  of  the  spandrels,  or  with  reasoning  by  analogy  from  the  behavior 
of  actual  structures.    See  Stone  Bridges. 

263.  If  the  inverted  cord  correctly  represented  the  actual  thrust  line  in 
a  masonry  arch,  the  arch  stones,  in  elliptic  or  in  deep  segmental  arches, 
would  have  to  be  made  inordinately  deep,  in  order  that  the  resbtanoe  line 
should  nowhere  leave  the  middle  third  of  their  depth  (see  f^  145,  etc.); 
and  it  might  therefore  appear  rational  to  make  the  profile  of  the  arch  corre- 
spond approximately  with  the  thrust  line,  which  usually  approaches  a  para- 
bola. But,  owing  to  the  spandrel  resistances,  the  actual  thrust  line,  even  in 
semicircular  arches,  probably  seldom  greatly  oversteps  the  middle  third. 

264.  With  a  wall  or  a  deep  continuous  filling,  over  an  arch,  if  the  arch  were 
to  settle,  or  were  to  be  removed,  the  wall  and  the  filling  above  it  would  form 
an  arch,  as  indicated  by  the  broken  lines  in  Fig.  117;  and  only  that  portior 
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!>elow  this  arch  would  fall  out.     Hence,  only  this  portion  can  properiy  b« 
regarded  as  pressing  upon  the  arch. 

265.  Neglecting  the  strength  of  the  mortar,  the  inclination  of  each  joint 
between  two  arcb  stones  must  of  course  be  such  that  the  angle,  between 
the  thrust,  at  any  joint,  and  a  normal  to  that  joint,  shall  be  leas  than  the 
angle  of  friction.     See  1[1f  183,  184.  digitized  by  La OOgle 
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M6*  It  la  often  the  case  that  the  spandrels  or  the  spandrel  filling  are  of 
i  specific  gravity  than  the  arch  ring.  In  such  cases,  in  order  to  facilitate 
>  finding  of  the  lines  of  gravity  oi  the  segments,  we  may,  before  dividing 
half-arch  and  its  spaniels  into  vertical  segments  (1[  252),  consider  th<? 
Iter  structure  of  the  spandrels  as  being  reduced  to  an  equivalent  depth 
noaterial  having  equal  specific  gravity  with  the  arch.  Tne  areas  of  the 
era!  segmenta.  as  seen  in  profile,  and  as  thus  reduced,  may  then  be  taken 
representing  their  weights.    Thus,  in  Fig.  IIS,  where  ttt  represents  the 
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of  the  spcuidrels,  the  curved  line  e  e  e  represents  the  top  of  a  filling  <A 
al  weight  per  foot  run  with  the  spandrels,  but  of  equal  specific  gravity 
li  the  arch  ring.  When,  as  in  Fig.  1 19,  the  spandrels  consLit  of  a  series  of 
isverae  arches,  we  may  assume  that  the  main  arch  carries  a  series  of  loadii 
oentrated  at  the  piers  of  these  transverse  arches. 
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The  Masonry  Dam. 

67*  A  dam  must  be  secure  against  sliding,  on  its  base  or  on  any  plane 
hin  the  body  of  the  dam,  against  overtuming,  and  against  crushing  of  the 
terial  at  any  point  and  consequent  opening  of  a  seam  at  either  face  of  the 
a. 

!68.  The  dam  will  be  secure  against  sliding  if  the  resultant  of  all  the  pres- 
es,  upon  any  surface,  forms,  with  a  normal  to  that  surface,  an  angle 
I  than  the  angle  of  friction  of  the  surface.  See  ^U  183,  etc.  In 
bctioe,  the  base  of  the  dam  is  let  well  down  into  the  rock  foundation,  an 
icated  in  Fig.  122  (a),  and  continuity  of  joints  is  avoided  by  making  all 
stones  break  joints.  The  an^e  of  friction  thus  becomes,  in  effect,  00^. 
1  sliding  cannot  occur  without  shearing  the  stones  themselves. 
$68.  If  the  material  is  sufficiently  strong  to  resist  crushing,  under  the 
ximum  unit  stresses  brought  upon  it,  and  if  the  resultant  of  all  the  forcea 
ing  upon  any  section  falls  within  the  body  of  the  dam,  the  dam  will  be 
ure  against  overtuming.     But  see  ^  270. 

nfO.  For  a  given  total  pressure  upon  any  section,  the  maximum  unit 
ssure  in  the  section  would  be  least  when  the  resultant  out  the  middle 
nt  of  the  section.  See  Center  of  Pressure,  Kt  133,  etc.  It  is  generally 
practicable  to  secure  this;  but  the  dam  must  be  so  designed  that,  under 
\  maximum  unit  pressure,  the  given  material  shall  not  be  taxed  beyond 
safe  crushing  strength.  If  this  is  done,  and  if,  under  all  conditions,  the 
Iter  of  pressure  is  kept  within  the  middle  third  (see  H  150)  of  each  nori- 
ital  section  throughout  the  dam,  there  will  be  no  tendency  to  open  on 
bcr  face  of  the  dam«  jgitized  by  CjOOQ l£ 
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271.  Let  Fig.  120  represent  a  stone  block,  reetins  upon  a  solid  foondati 
uid  intended  to  sustain  the  pressure,  v,  of  quiet  water  on  one  side.  Throu 
the  center  of  gravity,  g,  of  the  block,  draw  i/N  vertically,  to  represent  t 
weight,  W,  of  the  block.  Then  the  point, «,  where  o'  N  meets  the  foundAti( 
i«i  the  center  of  pressure  for  the  block  alone,  i.  e..  when  the  water  is  remov« 

279.  Let  h  be  the  depth  of  water  back  of  the  block,  and  let  the  block 
one  foot  in  len^h,  measured  normally  to  the  paper.  Then  the  amount, 
pounds, of  the  water  pressure,  against  the  vertical  back, a  6.  is  p=62.5  AX  K 
and  its  center  of  pressure  is  at  a  depth,  d  =  3^  A,  below  the  water  surfai 

273.  Combining  p  with  W  (f  35}  we  obtain  R  as  their  resultant,  an( 
a.1  the  center  of  pressure  upon  the  foundation  when  the  block  is  sustalni 
the  water  pressure. 

274.  Let  Fig.  121  represent  several  such  blocks  superposed.     Let 
0\  —  cen  of  grav,  p\  —  cen  of  water  pres,  for  block  1 ; 

(7j  —    "     "      "     Pj  -•    "     "      "         "      '*   blocks  1  and  2  combined: 
Oz  =-    "     "      "     P»  —    "     '*      "        "      "        "      It  2,  and  3  combine 
etc. 

Then,  finding  n  and  «i.  r^  and  ss,  r^  and  Sx.  etc..  for  joints  1-2,  2-3.  3- 
etc..  as  before,  we  nave  the  points  n.  r*.  rz,  etc.,  in  the  resistance  line  for  fi 
dam.  and  the  points  si,  «x,  ««,  etc.,  in  the  resistance  line  for  empty  dam. 
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275.  In  Fig.  122  (a)  the  curves,  «  v  and  d  c2,  indicate  the  up-etream  an 
down-stream  limits,  respectively,  of  the  middle  third  of  the  plane  aeparatin 
each  two  blocks,  assuming  the  profile  with  vertical  back;  and  the  point 

r^.  .  .  .  r^  and  9\ «?  are  points  in  the  corresponding  resistance  lines  fc 

full  dam  and  for  empty  dam  respectively. 

276.  While  theory  would  require  the  cross-section  of  the  dam  to  terminat 
in  a  sharp  angle  at  tne  top,  it  is,  of  course,  always  made  heavier  in  practice 
M  indicated  in  Fig.  122  (a). 

277*  For  jomt  2-3  we  may  suppose  that  block  2  had  at  first  been  designe 
rectangular,  as  shown  by  dotted  Ime  c  a  (Fig.  122  (c),  showing  bk>cks  1  ani 
2  enlarged) ;  but  this  makes  the  center  of  pressure,  r^.  for  the  full  dam,  fa) 
beyond  the  middle  third  of  the  narrow  base,  a  b.  We  therefore  try  the  trapc 
loidal  shape  eib,  with  its  wider  base,  %  b,  and  find  that,  with  this,  the  oentc 
of  pressure,  r*.  although  further  down-stream  than  Mfore,  falls  within  th 
middle  third  of  said  wider  base.  The  remainder  of  the  profile  is  detemune 
by  similar  trials.  igitized  by  La OO QIC 
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978.  Graplile  Method.  Suppoee  the  croae  necUon  to  be  divided,  b^ 
horiaoHtal  eeetioiis,  into  numerous  bloeks,  I,  2.  3,  4,  etc.,  of  a  depth  approxi* 
mately  -  the  top  width  of  the  diun.  In  Fig.  122  (b),  draw  0-1. 1-2.  2-3.  3-4, 
eke^  vertically,  to  lepraaent^  by  scale,  the  weights  of  the  several  blocks, 
respectively,  and  0-1',  I'-y.  2'-3',  3'-4',  etc..  horisontallv.  to  represent 
the  water  pressures  against  said  blocks  respectively;  and  oraw  I'-l.  2^-2, 
S'-S,  4'-4,  etc.,  representing  in  amount  and  in  direction,  the  total  inclined 
pressures  upon  jomts  1-2,  2-3.  3-4,  etc.,  and  upon  the  base,  respectively. 
Thus,  2^-2  represents  the  resultant  of  the  water  pressure  (see  Hydrostatics) 
upon  blocks  1  and  2,  and  the  combined  weight  of  those  blocks.  From  the 
points,  oi,  OS,  etc..  Fig.  122  (e).  where  these  two  forces  meet  in  each  case,  draw 
OiTi,  o»r^  etc.,  parallel  respectively  to  I'-l.  2^-2,  etc.,  Fi^.  122  (b),  to  the- 
eorresponding  jomt.  We  thus  obtain  points,  n  .  .  .  re  m  the  resistance 
line  for  the  case  where  the  dam  is  filled  to  the  assumed  depth. 

The  foregoin^^  refers  to  the  diagram  for  a  dam  alreadv  completed  or  de- 
signed. In  designing  <U  novo,  we  of  course  begin  at  the  top,  and  lay  off 
the  lines  0-1,  0-1'  and  I'-l  in  Fig.  (6)  for  the  first  block;  then  Unee 
1-2,  l'-2'  and  2^-2,  for  the  second  block,  and  so  on;  making  necessary 
changes^  as  in  ^  277. 


279.  In  order  that  the  resistance  line,  ri  .  .  •  r«,  for  the  full  dam,  may 
be  brought  well  within  the  middle  third,  it  may  sometimes  be  necessary  to 
adopt  a  somewhat  unwieldy  cross-section;  but,  in  view  of  the  imminent 
danger  involved  in  the  smallest  opening  on  the  upnstream  side  of  the  dam, 
(see  1 281),  it  is  well  here  to  err  on  the  sale  side. 

280,  As  this  process  is  carried  further  down,  the  anele  formed  between 
the  downnatream  face  and  the  vertical  becomes  considerable;  and  the  middle 
third,  in  each  of   the   lower  joints,  is  thus  brought  further  down-stream. 


( 


4,30 


STATICS. 


# 


3§t. 


Practical  Considerations. 
_  The  assumption  of  Ideal  conditions  is  particularly  danger- 
ouif  in  the  case  of  masonry  dams.  Thus,  anv  oompression  of  the  material 
at  the  down-stream  face  may  open  seams  on  tne  up-stream  face;  and  water, 
entering  these  seams,  will  exert  a  wedee-like  action,  shifting  the  resistance 
line  further  down-stream,  thus  still  further  increasing  the  tendency  to  crush- 
inK  on  the  down-stream  face  and  to  opening  on  the  up-etream  face.  Again, 
if  any  relatively  smooth  joints  have  been  left,  the  water,  thus  penetrating 
into  or  under  the  dam,  increases  the  tendency  to  slide,  not  only  by  diminish- 
in  ir  t  tie  effective  weight  of  the  upper  portions,  but  also  by  acting  as  a  lubri- 
cant upon  the  seam  where  it  p>enetrates. 

1 1  hits  been  suggested  that  failures  of  dams  may  have  been  occasioned, 
in  part  at  least,  by  vacuum,  formed  in  front  of  the  down-stream  face,  by  the 
action  of  the  sheet  of  water  falling  in  front  of  that  face. 

2H'i,  Theoretically,  the  deflections  of  arches,  dams  and  other  structures 
composed  of  blocks,  may  be  found  by  means  of  the  formulas  in  ^K  162-167 
of  Tm^^^es;  but.  owing  to  uucertainty  as  to  the  values  of  the  moduli  of 
elsjatirity,  E,  of  building  stones  and  of  mortar,  and  to  the  relative  inaccu- 
racy of  finish  in  masonry  work,  the  formulas  are  of  but  little  practical 
value  in  such  < 


THE  SCREW. 

283*  The  screw  is  a  spiral  inclined  plane.  The  force  (or  "power"}  de- 
ecrihea  a  spiral,  at  the  end  of  a  lever  arm,  while  the  resistance  (or  "weight ") 
tnD\  cfl  along  the  axis  of  the  screw.  Ihiring  the  time  in  which  the  force 
makea  one  revolution,  the  resistance  traverses  the  "pitch,"  or  distance  be- 
tween the  centers  of  two  adjacent  threads. 

2S4>  Hence,  if  P  —  power,  w  —  weight,  d  —  pitch,  I  —  lever  arm,  v  — 
rectilinear  velocity  of  weight,  and  V  —  linear  (circulsir)  velocity  of  power, 
.le  have,  theoretically:* 

w        V        2»l 


*  TCeclecting  friction,  which,  howiever,  very  greatly  modifies  the  result. 
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FOMCES   ACTINO   UPON   BEAMS   AND   TRUSSES. 


Conditions  of  Equlllbrliim. 

Z8S»  In  beams  and  tmsBes,  for  equilibrinm,  it  is  necessary  and  sufficient 
that  the  resisting  forces,  exerted  by  the  material  of  the  structure,  and  the 
moments  of  those  forces,  shall  balance  the  external  or  destructive  forces  and 
their  moments.  We  here  discuss  chiefly  the  destructive  forces.  For  the 
resisting  forces,  see  Stresses,  under  Trusses,  and  Beams  or  Transverse 
Strengtn,  under  Strengtb  of  Materials. 

28iS»  The  destructive  forces  are  (1)  the  loads  upon  the  structure,  includ* 
ins  its  owa  weic:ht,  "live"  or  moving  loads,  wind,  etc.,  and  (2)  the  reactions 
of  the  supports.  We  shall  here  discuss  the  action  of  vertical  loads  only,  in- 
cluding (a)  the  dead  load,  or  the  weight  of  the  structure  itself,  together  with 
the  roadway,  etc.,  and  (b)  the  live,  moving  or  extraneous  load  of  vehicles, 
trains,  persons,  etc.  The  action  of  horisontal  loads  (wind,  centrif  unU  force, 
etc.)  ia  governed  by  similar  laws,  and  is  discussed  under  Stresses,  inTrusses. 

287*  Lei  Fig.  123  (a)  represent  a  cantilever,  resting  upon  a  support,  &, 
and  bearing  a  load,  W,  at  its  outer  end,  a.  The  cantilever  is  prevented  from 
tumiiUE  about  6,  by  the  tension,  T,  of  a  horizontal  chain,  and  by  the  compres- 
sion. Ok  in  a  horizontal  strut.*     Neglecting  the  weight  of  the  cantilever 


•s: 


itself,  the  cantilever  Is  acted  upon  by  four  external  forces,  forming  two 
couples;  one  couple  consisting  of  two  vertical  forces — vis.,  the  load,  W,  and 
the  reaction,  R',  of  the  supnort ;  the  other  couple  consisting  of  two  horizontal 
forces — viz.,  the  tension,  T.  near  the  top.  and  the  oompression,  C,  near  the 
bottom.  Were  it  not  for  the  reaction,  R\  of  the  support,  b,  the  load,  W, 
would  pun  the  cantilever  downward,  as  indicated  in  Fig.  123  (&)• 
288.  In  fig.  123  (a)  we  have: 

Algebraic  sum  of  vertical      forces  —  R'  —  W  —  0; 
"    "  horifldntal     "      -  T  —  C  -  Oj 
**  "    "  moments,  about  any  point,  as  o, 

W.w    —    R'.r    +    T./    +    C.C     -     0. 


*  In  Figs.  123  to  127,  inclusive,  and  Figs.  132  and  133,  showing  cantilevers, 
beams  and  part  beams,  acted  upon  by  loads,  by  reactions,  by  pulls  of  chains 
and  by  pushes  of  struts,  the  arrows  denote  forces  acting  upon  the  cantilever 
or  beam  or  upon  tie  eegmenU,  and  not  forces  acting  upon  tne  load,  the  sup« 
ports,  or  the  connecting  chains  or  struts.  Thus,  the  tension  in  a  chain  tends 
to  draw  toffether  the  two  bodies  which  it  connects.  Hence,  in  these  cases,  th« 
corresponding  arrows  point  toward  each  other.  On  the  other  hand,  the  com- 
pression in  a  strut  tends  to  eeparate  the  two  bodies  betwera  which  it  %cta. 
Hence  its  two  arrows  point  away  from  each  otherym^ed  by  VvjOOy  IL 
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289.  If.  as  in  Fig.  124.  the  horisontal  forces  are  exerted  at  the  end  farthest 
from  the  support,  and  at  the  same  distance  apart  as  before,  their  amounts 
iind  senses  must  remain  respectively  the  same  as  before;  but  we  now  have 
compression.  C,  at  the  top.  and  tension,  T.  below.  Or,  if  Fie.  123  be  in- 
vprted,  R'  acts  as  the  load,  and  W  as  the  upward  reaction;  and  we  have,  aa 
in  Fig.  124,  compression.  C.  at  top,  and  tension,  T,  below.  Thus,  Fig.  I2i 
ia  practically  Fig.  123  inverted. 


290.  The  condition  described  in  1 289.  Fig.  124.  represents  also  the  eondl- 
tion  in  each  segment.  A,  B.  of  a  beam.  F^pa.  125  (a)  and  (b)  or  Figs.  120  (^ 
and  (b).  supported  at  both  ends  and  bearing  a  oonoentrated  load,  W  +  W. 
Fig.  125,  or  W  +  w,  Fig.  126. 


(6)     Ow^  tj'*' 


126  (a),  to  be  divided 
(b)  or  Fig.  126(b);  each 


291.  Suppose  the  beam.  Fig.  125  (a)  or  F 
into  two  cantilevers,  or  part  beams,  as  in  Fig.  1       ,  ,  _ 

part  sustaining,  at  its  end,  a  part  of  the  original  load.  (See  5  292.)  The 
stresses  in  the  strut  and  chain.  Figs,  (b),  take  the  place  of  stresses  in  the  ma- 
terial (situated  in  the  dotted  line)  of  the  truss  or  beam.  Figs.  (a).  In  a  truas, 
these  forces  are  exerted  by  the  chords:  in  a  beam,  by  the  particles  or  fibers 
throughout  the  section. 


0004X(. 


□"'^"(ft) 
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392.  If,  as  in  Fig.  125  (a),  the  load  is  at  the  center  of  the  span,  the  spana^ 
X  and  y.  of  the  cantilevers.  Fig.  125  (b),  are  equal,  as  are  also  the  loads, 
W  -  W,  carried  by  them.  But  if,  as  in  Fig.  126  {a),  the  load,  W  +  v,  on 
thi)  beam,  ia  not  at  the  eenter  of  the  span,  the  partial  loads.  W  and  w.  sup- 
posed to  be  supported  at  the  ends  of  the  two  cantilevers,  or  part  beams,  r»- 
dpeotively.  Fig.  126  (b),  are  unequal  and  inversely  proportional  to  their 
leverages  about  their  reepeetive  supports.  Hence,  the  moments  of  the  two 
opposite  couples  are  equal.  The  reaction  of  each  support  is  equal  to  the 
«i  flight  carried  by  the  cantilever  resting  upon  it. 


END  BBACnOlIB. 


End   Beacttou. 

293.  In  a  cantilever.  Fig.  127,  there  is  but  one  vertical  mipport;  the  reae« 

slon,  R',  of  that  sapport,  is  —  the  sum  of  all  the  loads,  ineluciing  the  weight 

of  the  cantilever  itself;  and  the  reaction  due  to  each  partial  load  is  -■  such 

partial  load.     Thus,  if  B  —  weight  of  cantilever, 

R'  -  W  +  w  +  B. 


^a 


Fiff.  127. 


Flv.  18S. 


2M.  The  reaction.  R',  must  not  be  oonfbunded  with  other  vertical  forees. 
Ihus.  a  cantilever  is  often  supported  ss  in  Fig.  128  (a).  The  couple,  com- 
posed of  two  horisontal  foraes,  T  and  Gl  Fig.  127,  is  then  replaced  by  a  couple 
led  of  two  vertical  foroee,  V  and  V%Fuc.  128  {b)  \  one  of  which.  V^  co- 

with  the  reacticKi,  R'.  Here,  R'  +  V^  acting  upward,  is  the  anti- 
resultant  of  W,  w.  B  and  V,  acting  downward. 

385.  In  a  beam.  Fig.  129,  the  sum  of  the  two  end  reactions  is  -■  the  sum 
cf  sH  the  loads,  indudmg  the  weight  of  the  beam  itself. 

296.  The  reaction.  R,  of  the  left  support,  a,  Fig.  120,  due  to  the  load, 
W.  alone,  is  R  -.W  .  -|  (see  f  17),  and  the  leaetion,  R'.  of  the  right 

•uppoM,  6,  is-W  —  R-W 
W 


If  the  load  is  central,  j  -  ^  -  ^ ,  and 


B-R'- 


2' 
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297*  Graphically,  Fig.  156,  suppose  a  concentrated  load,  W  (not  shown), 
to  be  plaeed  on  the  beam  at  any  point,  as  c.  Draw  a*  a'  and  \r  b',  vertical 
•ad  each  —  W.  Join  o'  y ;  also  join  a*  V,  and  draw  g  h  vertically  through 
r .  Then  the  ordinate^  c'  a.  to  the  upper  line,  a'  b^,  and  the  ordmate,  (/n, 
to  the  lower  line,  t^  ^«  give  the  left  and  the  right  end  reactions,  R  and  R', 
'wpectivdy. 

X96,  Where,  as  in  Fig.  190,  there  are  two  or  more  loads  (in  which  the 
{[^isfat  of  the  beam  may  or  may  not  be  included),  the  reactions  due  to  each 
bad  may  be  separat^y  obtained,  the  sums  of  theee  reactions  giving  the  total 
{Bactions;  or,  the  common  center  of  gravity,  O,  of  all  the  loads  may  first  be 
foaiid  (see  If  125,  etc.),  and  then  the  reactions  found  as  for  a  single  load, 
W,  Fii;.  129;  the  combined  wei^it  of  the  loads,  whose  center  of  gravity  is  at 
^  boog  aappooed  ooneeotrated  there.  oigitized  by  L^OOg  IC 
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299«  In  a  beam«  Fi^;.  131,  under  a  load,  W,  uniformly  distributed  over  any 
part  of  the  span,  let  G  be  the  center  of  gravity  of  the  load,  and  let  x  andy  bie 
the  segments  of  the  span,  4  to  the  left  and  right  of  G  respectively.     Tnen, 

neglecting  the  weight  of  the  beam,  R  -  W  y ;  and  R'  -  W  —  R  -  W  -j. 


Fiff.  ISl. 

800.  If  the  load  is  uniformly  distributed  over  the  entire  span,  its  center 
of  gravity  is  at  the  center  of  the  span,  and  we  have: 

Moments  and  Shears. 

801*  In  order  to  determine  what  internal  streases  are  re<iuired,  at  any 
point  in  the  span,  to  maintain  equilibrium,  we  may  suppose  the  cantilever 
or  beam  to  be  cut  in  two  by  a  section,  e  e.  Fig.  132  or  Fig.  133,  at  such  point, 
and  inquire  what  forces  must  be  applied,  in  the  section,  in  order  to  main- 
tain equilibrium  and  hold  in  position  the  two  segments,  K  and  F,  into  which 
the  section,  c  c,  divides  the  span.  Fig.  132,  or  that  part  of  the  span  between 
the  load  and  a  support,  Fig.  133.  The  forces,  so  ascertained,  are  evidently 
equivalent  to  those  actually  exerted,  for  the  same  purpose,  by  the  material 
of  Che  beam  itself. 

80I3.  In  Figs.  132  and  133,  moments  of  loads  and  of  reactions,  or  axter* 
not  or  bending  moments,  are  indicated  by  arrows  below  the  cantilever 
and  beam  respectively;  while  the  resisting  moments  of  the  tnlermU  forces 
are  indicated  by  arrows  within  the  body  of  the  cantilever  or  beam  respee* 
tively. 

803.  In  the  cantilever.  Fig.  132,  the  load,  v,  -  4  lbs.,  distant  0  ft. 
from  the  section,  e  e,  produces  there  a  left-hand  or  negative  moment  of  6  w  >« 
6  X  4  —  24  ft  .-lbs.  Hence,  for  equilibrium,  the  horisontal  strut  and 
chain,  at  ec,  must  exert  a  right-hand  or  positive  resisting  moment  of  24 
f  t.-lb8. :  and,  being  2  ft.  apart,  they  must  exert  a  tension,  T,  and  oompressioi^ 

(X  of  -^  "-12  lbs.  each.    At  the  support,  moment  of  load  *"0w*"0X4-« 
86  ft.-lbe.;  and  T*  -  C  -  ^®  -  18  lbs. 

304.  But,  considering  only  the  forces  thus  far  discussed,  we  should  find  the 
it  segment,  F,  acted  upon,  at  ee,  by  a  left-hand  couple,  •-  d  X  T-« 
C  C  *"  2  X  12  -  24ft.-n>s.:  and,  at  the  support,  by  a  nght-hand  couple, 
o(XT'-dXC-2X18-36  ft.-tbs.  In  other  words,  there  would 
Ui  unbalanced  excess  of  right-hand  moment,  — 36  —  24h8R'*"8X 
-  12  ft.-lbs.,  acting  upon  F.     F  also  receives,  at  the  support,  the  upward 

jiction,  R',  "•  4  tbs.,  of  that  support.  Similarly,  the  couple,  d  X  T  ■* 
a  X  C,  at  c  c  exerts,  upon  the  left  segment,  £,  an  apparently  unbalanoed 
right-hand  moment  of2X12  —  6w  —  6X4  —  24  ft.-lbs.,  and  £  receivea. 
from  the  load,  w,  a  downward  pull  —  4  tbs. 

305.  For  equilibrium,  therefore,  the  vertical  chain  at  e  c  must  exert  a 
tension  -"S  —  v"*R'-*4  lbs.,  pulling  F  downward,  and  £  upward,  llie 
downward  tension,  — S.  acting  on  F  at  c  c,  forms,  with  the  reaction.  R',  of 
the  support,  a  left-hand  couple  -3  R'  -3X4-  12  ft.-tbs.,  balaneins 
the  excess  of  right-hand  moment  acting  upon  F;  while  the  upward  tenaian, 
+  B.  acting  on  £  at  c  c,  forms,  with  the  weight,  «r.  a  left-hana  couple,  —  6  w 
•■  0  X  4  •■  24  lt.-!bs.,  halanning  the  excess  of  rif^t-hand  mom.aetUig  on  K 
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306.  Similarly,  if  ve  sappoae  the  eantileyer  cut  through  by  a  section  at 
iny  other  point,  we  shall  find  that  a  vertical  force,  =  8  =»  to  =  R',  acting 
upward  upon  the  left  aegment  and  downward  upon  the  right  eegnaent, 
is  lequiied  in  order  to  maintain  equilibrium  and  to  transmit  the  load,  w, 
to  the  support,  eo  that  the  two  segmenu  may  act  unitedly  as  a  sm^le 
«ntitever.  This  force.  S.UcaUed  a  shear.  See  H^  325,  etc.  Without  it, 
section  £  would  fall,  as  in  Fig.  123  (b). 

307.  In  tlie  beam.  Fig.  133.  the  total  load  is  Id  Ibe. ;  and.  its  distancee, 
3  ft.  and  9  ft.,  from  the  left  and  from  the  right  support  respectively,  beinj 
as  1  to  3.  the  end  reactions  (11  293.  etc.)  are  as  3  to  1 ;  or  R  =  16  Xf 
=  12  tbs.;  R'  =  16  X  i  =  4  lbs.  We  therefore  regard  the  beam  as  be- 
ing cut  by  a  section  at  the  load  (as  well  m  at  c  c),  and  the  total  Joa<^,£^ 
16  lbs.  as  divided  into  two  portions ;  one.  W  =  R  =  12  Ibs^  ^}^?f'^fuJ'Z}iA 
end  segment.  M;  and  the  other,  to  =  R'  =  4  lbs.,  supported  by  the  mid- 
dle ae^nCE.  Hei«.  as  in  F^i^.  132.  segments  E  and  F  together  form 
a  wmUtover,  9  ft.  looft  loaded  with  a  weight,  w,  of  4  lbs.,  at  ite  end;  but. 


Tig.  182. 


irrfnnit 


Flv.  ISS. 

hi  Fig.  133.  the  horlsontal  resisting  forces.  T'  and  C,  by  which  the  entire 
cantilever  (£  +  F)  is  upheld,  are  exerted,  not  at  the  support,  as  in  Fig.  132, 
hut  at  the  end  farthest  from  the  support. 

308.  We  have,  therefore,  in  Fig.  133,  positive  (clockwise)  and  negative 
(counterclockwise)  moments,  as  follows,  acting  upon  E,  about  the  lower 
end  o£  e  e: 

dCJ'  —  6w  —  dC-2X  18  —  6X4  —  2X6  =  0. 
Here,  d  C  —  6  w,  —  36  —  24  —   12,  is  bending  moment,  and  —  d  C, 
•-  —  12.  is  resisting  moment. 
We  have,  also,  in  c  c,  shear,  8  —  w  —  R'  —  4  lbs. 

309.  In  Fig.  132  or  hi  Fig.  133,  oonsidering  the  segment  extending  from 
the  load  to  eitner  support  (in  Fig.  132  there  is  but  one  such  segment),  it  will 
be  seen  that,  at  the  free  end  of  any  such  segment,  the  horizontal  stresses  are 
sero,  and  that  th^  increase  uniformly  to  a  maximum  at  the  other  end  of  the 
segment.  Thus,  in  Fig.  132,  they  increase  uniformly  from  0,  at  the  loaded 
or  free  end.  to  18  lbs.,  at  the  support;  while,  in  Fig.  133,  they  increase  uni- 
formly from  0,  at  each  support,  or  free  end,  to  18  lbs.,  at  the  load. 


( 
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Moments  In  Cantileverfl.    See  also  pp  437  &e. 
810,  In  a  cantilever,  Fig.  134,  each  load  exerta,  about  any  point  between 
itself  and  the  support,  a  moment   «  its  weight  X  the  horiiontal  distanoe  of 
'... ^ * ^_.  * 1 :_*  .  — 1  *u^  *_*-! J.   -*  — ,  point. 

Thus, 


its  center  of  gravity  from  such  point ;  and  Fhe  total  moment,  at  any  goint. 


is  the  sum  of  the  moments  of  the  several  loads  about  that  point. 

neglecting  the  weight  of  the  cantilever  itself,  we  have  : 

about  b,  mom  '^  A  x  +  B  y ',  about  d,  mom  =   A  t; 

about  c,  mom  —   A  m  +  B  n  ;  about  ^,  or  any  point  beyond  A,  mcnn  -"   0. 


Tig.  184. 


Flir«  185. 


311.  In  a  cantilever,  Fig.  135,  the  maximum  leverage  of  any  load.  W, 
is  evidently  its  distance,  I,  from  the  support,  b.  Henoe,  the  maximum  bend- 
ing moment  of  any  load  upon  a  cantilever  is  at  the  support,  and  is  —  IV  /. 
From  this  max,  the  mom  diminishes  uniformly  to  0,  at  the  load  and  at  a. 

In  Fig.  134,  the  end,  b  a,  is  uniformly  loaded,  and  the  diminution  of  mom, 
betw  b  and  a,  follows  the  ordinates  of  a  parabola,  as  in  m  A;',  Fig.  137. 

811  a.  In  cantilevers  and  beams.  Figs  129,  134,  cU>ekwi9e  moments  of 
forces,  to  the  left  of  a  flnven  point,  c,  about  that  point,  are  considered  f>o«i- 
tive,  and  vice  versa.  Positive  moments  extend  the  lower  and  comprfa  the 
upper  fibers,  and  vice  versa. 

813.  In  Fig.  135  (b),  (cantilever  with  a  sinjde  load,  W,)  draw  y  m,   — 
max  mom  by  scale,  and  join  m  W  and  m  a'.    Then,  for  any  point,  c. 
moment  —  ordinate  at  c'  to  line  m  W. 

318.  In  a  cantilever,  Fig.  136  (a),  with  two  or  more  oonoentrated  ioada^ 
W  and  to,  let 

V  m.  Fig.  136  (6),  —  moment  of  IF,  at  the  support ; 

V  m',  Fig.  136  (6),  —  moment  of  w,  at  the  support. 

Then,  for  both  loads,  W  and  tr.  neglecting  the  weight  of  the  beam, 
at  d,  moment  »■  moment  of  W  alone.  —  ordinate  at  <f  ; 
at  c,  moment  «  sum  of  moments  of  W  and  w, 

—  sum  of  two  ordinates,  e'  n  and  </  n',  at  tf. 


Q"Vq^.    V 


jr 


'cl    IP'     c'    1ft    -' 


|_(€l) 


Fiff.  180. 


riff.  187. 


814.  In  a  cantilever.  Fig.  137  (a),  under  a  load,  IT,  uniformly  distribute^i 
over  a  length,  /,  begmmng  at  the  support,  6,  the  maximum  moment,  at  the 
mipport.  6,  fa  -  MTm.  ^^^ byL.OOgle 


HOMENIB. 
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In  F\^.  137  (6),  make  &'  m  «-  said  nuuc  moment,  and  draw  a  semi-pambola 
It  Jf,  with  apex  at  kf.     Then,  at  any  other  section,  c,  the  moment  la  repre- 


sented by  the  ordinate,  c'.  of  said  parabola,  and  is  —  v . 


2' 


where  w  —  the 


weight  of  that  portion  of  W  beyond  c,  and  x  —  the  length  of  that  portion. 

At  ik,  or  at  any  point  beyond  Jk,  moment  »■  0. 

315.  In  Fig.  138,  neglecting  the  weight  of  the  cantilever  itself,  let  W  repre- 
sent the  weight  of  the  whole  load,  and  w,  that  of  the  shaded  portion,  oooeen* 
trated  at  their  respective  centers  of  gravity,  Q  and  g.    Then, 

about  6,  moment  —  W  .  z; 
"  c,  "  -W.»; 
"  d,  "  -  w,v; 
!t     kt  or  any  point  beyond  k,  moment  -■  0.  . 


Fiff.  1S8. 

Moments  In  Beams. 

316.  In  a  beam.  Fig.  129,  the  upward  reaction  of  each  abutment  exerts, 
about  any  point,  a  moment  -■  reaction  X  distance  of  support  from  such 
point;  but  any  load,  between  such  point  and  the  support,  exerts  a  contrary 
moment  «  load  X  distance  of  load  from  such  point.     Thus, 

about  c,  moment  -  R' .  «  —  R  (i  —  «)  —  W  (y  —  «). 
At  each  support,  the  moment  is  0. 

317.  In  a  beam.  Fig.  129,  carrying  a  single  concentrated  load,  W,  the 
moment,  R'.*,  at  any  point,  c,  is  —  R'«  =»  Wy  .s  =  R  (/  —  «)  —  W  (y  —  «) 


-W  (v  —  <)•     At  a  point,  as  c,  not  under  the  load,  the 

moment,  R'^,  is  evidently  less  than  the  moment,  R'.y,  about  the  point,  o, 
under  the  load.  In  other  words,  the  maximum  moment  is  at  the  point,  oy 
under  the  load. 


'W.f  (Z- 


Wig.  129  (Treated). 


FliT-  189. 


318.  From  the  point,  </.  Fig.  139  (b).  corresponding  to  the  point,  o,  Fig. 
(o).  where  the  load  is  applied,  erect  an  ordinate,  </  m,  equal  by  scaJe  tothe 
(maximum)  moment,  —  R'  .  y  —  R  .  «,  at  that  point.  Join  a'wi  6'.  Then 
the  ordinate  to  a'm,  or  to  m  V,  at  any  point,  c',  d',  «*,  etc.,  represents  by 
scale  the  moment  at  the  eorresponding  pomt,  c,  d,  e,  etc.,  m  the  span. 
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319.  When  the  load,  W,  is  at  the  center  of  the  span,  A  Fig,  140,  each  end 

reaction  is  -■  -^.    Hence,  the  moment  t',  at  any  point,  «,  distant  y  from  • 

Bupport,  as  6,  is  .^ 

moment  —     -  •  V' 

At  the  center  of  the  span  (t.  e.,  at  the  point  under  the  central  load,  W) 
we  have: 

maximum  moment,  M,  —   „  •    o'  "  ~i~* 


Fiff.  139  (repeated). 


Fiff.  140. 


In  order  that  the  maximum  moment  (at  o.  Fig.  139)  due  to  an  < 

trio  load,  W,  may  be  equal  to  the  maximum  moment  (at  center  of  span,  I) 
due  to  a  given  center  load,  C,  we  must  have 


Wf.v  =  C.^ 


w-c^-^-cU)*. 

4    xy        -^-^ 
xy 


320.  When  there  are  two  or  more  concentrated  loads,  c  d  «,  Fig.  141, 
treat  each  load  as  in  Fig.  139,  making  each  short  ordinate,  m,  m',  m'.  repre- 
sent the  maximum  moment  of  its  single  load,  e,  d  or  «,  alone.  Make  the  Ions 
ordinates,  M,  M'  and  M'  —  the  sums  of  the  separate  moments,  as  measured 
at  c',  at  d\  and  at  e',  respectively.  Then  the  ordinate  to  a'  M  M'  M'  fr^  at 
any  point,  represents  the  total  moment  at  that  point,  due  to  the  several 
loads  combined. 


'O  Q"  y 


FiiT*  141. 


Tig.  142. 


321.  In  a  beam.  Fig.  142,  under  a  uniform  load,  W,  covering  the  span,  t, 
the  maximum  moment  is  at  the  center  of  the  span,  and  is 


moment-R.*  —  2.4     - 


2*2 


'  2'4 


_,    W  Z      ^     WJ 

-igitized  by^t)Ogle*ir' 
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Make  i/M,  by  scale,  «-  the  maxinrain  moment;  and  draw  the  parabola, 
a'  M  y,  with  vertex  at  M.  Then  the  moment,  at  any  section,  aa  «,  is  repre- 
sented by  the  correapondinp:  ordinate,  •',  to  that  parabola. 

Let  w  and  v  —  the  portions  of  W  to  the  left  and  right  of  s,  respec- 
tively.   Then,  moment  at#  —  -k^v*—  -k  ^*  ■■  ■«   moment  due  to  whole 

load,  W,  concentrated  at  «.* 

At  either  support,  moment  "•  0. 

In  Fiff.  131,  at  a  point,  c,  under  the  center  of  gravity  of  a  load,  W,  uni- 
formly distributed  over  a  portion,  s,  of  the  span,  neglecting  the  weight  of 
the  beam, 

.  •«-»  "^      *  T*  »V.S  — ,,  ri  ,8 

moment  —  Rjb ""  o"  '  T  "       * 8~  "       ^^  —   ~1~' 

323.  Let  W  »  the  total  load,  whether  concentrated  or  uniform,  and  let 
I  »  the  span.     Then  the  maximum  moment,  M,  is  as  given  below; 


Cantilever. 


Load,  W,  at  end. 
*'    uniform. 


M  at  support 


Supported  beam.f 


Fixed  beam.t 


at  center 


uniform. 


uniform. 


M 

or  support  M 


'  support 


M  =  W  Z; 

"8"' 
Wf 

8    ' 
W/ 

12  • 


M» 


323*  In  the  inclined  beam.  Fig.  143,  the  inclined  distances  may  be  used, 
instead  of  the  horizontal  distances,  in  finding  the  reactions.     Thus, 

reaction  R'  -  W  .  "f  -  W  .  p-. 

Bat.  in  finding  moments  of  vertical  forces,  we  must  of  course  use  the 
horiaontal,  not  the  inclined,  distances.    Thus,  at  c,  moment  R'c;  not  RV. 


Fly.  148. 


d 


•  Moment  at  «    -   R'  y 


-f- 


W 
_         2    ^' 

-,  X  W  IT  W  —  w 

-Rx— tr-^-2*~--2  *-  — 2 — *- 
With  W  concentrated  at  s. 


W—  V 


moment  at  «^  W- 


■  y  —  wv  "  W-j*  —  1 


t  Beam  supported  at  each  end,  but  not  fixed. 
;  Beam  fixed  at  each  end. 


dbyLjOogle 
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834.  In  cnrwd  beams,  the  ume  principles  apply  as  in  straight  beam 
Thus.  Fig.  144,  at «,  moment  -■  W  .  /.     Again,  in  Fig.  145  (a),  reaction  1 


I 


',  and  at  «,  moment  —  R' .  y.     Or,  as  in  Fig.  145  (6),  from  o,  whe: 

the  load  is  applied^,  draw  o  a  and  o  b,  to  the  two  supports  respectively.  an< 
by  means  ot  the  force  parallelogram,  find  the  components,  p  and  o,  of  V 
Then,  at «. 

moment  ^  p  .n. 


^ 


o- 


Flff.  144. 


Fiff.  145. 


Shear. 

325.  In  the  beam,  a  6,  Fig.  146  (a),  consider  the  segments,  a  e  and  c  b,  t 
the  left  and  to  the  right  respectively  of  the  plane  n  n.  Besides  the  horisonti 
forces  acting  across  the  plane  n  n,  we  have  seen  (^  305)  that  we  re9uire  al8< 
for  equilibrium,  a  vertical  force.  »  the  left  end  reaction.  R.  actinff  dowi 
ward  uj;>on  the  left  segment,  a  c,  and  forming  a  couple  with  R;  and,  at  th 
same  time,  acting  upward  on  the  right  segment,  e  o,  being  —  the  load,  '^ 
minus  the  right  end  reaction,  R'.  This  force  is  called  the  shear,  8,  in  tfa 
section  n  n.  It  may  be  regarded  as  the  transmission  of  the  vertical  forc< 
from  loads  to  supports  or  vice  versa. 

336.  The  two  segments,  o  o  and  e  6,  thus  tend  to  slide  vertically  past  eac 
other,  the  right  sMrment,  c  b,  tending  downward,  owing  to  the  prepondei 
ance  of  the  load,  W,  over  the  right  end  reaction,  R';  and  this  tendency  ; 
resisted  by  the  shear,  S,  which  is  —  the  left  end  reaction,  R.  The  same  tex 
dency  exists  uniformly  between  W  and  a,  and  is  resisted  throughout  by 
■hear  -  S  -  R. 

327 

exists 


Between  the  load,  W.  and  the  right  support,  b,  also,  a  uniform  shet 
but  here  the  shear,  8'.  is  —  the  right  end  reaction,  R',  ■■  R  —  Yi 


and,  whereas  the  shear,  S,  to  toe  left  of  the  load  was  right-hsiaded  or  docktpu 
(the  portion  to  the  right  of  any  section,  n  n,  receiving  the  doumtpord  force] 
and  is  called  positive,  or  +;  the  shear  on  the  rigfU  of  the  load  is  left-Yuinded  c 
counterclockwise  (the  portion  to  the  left  of  any  section  receiving  the  dawt 
ward  force),  and  is  called  negative^  or  — . 

328.  The  ^heara,  8  and  8',  to  the  left  and  to  the  right  of  the  load,  W.  ar 
represented  by  the  diagrams  in  Fig.  146  (b) ;  that,  8,  on  the  left  of  the  loa^ 
being  drawn  above  the  zero  line,  a'  b',  to  indicate  a  positive  shear,  and  vie 
versa. 

329.  Comparing  Figs.  146,  147  and  148,  notice  that,  between  the  left  sup 
port,  a,  and  the  load.  W,  Fig.  146,  we  have  positive  shears,  8  ••  90,  Fig.  14€ 
and  a  —  15.  Fiflc.  147;  so  that,  in  Fig.  148.  where  both  loads,  W  and  tv,  ar 
placed  upon  the  same  beam,  we  have,  between  o  and  W,  a  total  poaitiv 
shear  of84-«  =  904-15=  105.  Between  the  right  support,  b,  and  th 
load,  w.  Fig.  147,  we  have  negative  shears,  8'  —  —  30.  Fig.  146.  and  s'  - 
—  45,  Fig.  147 ;  so  that,  in  Fig.  148.  between  b  and  w,  we  have  a  total  negativi 
shear  -  8'  +  t'  -  —  30  —  45  -  —  75.  But.  between  the  poinU  of  appli 
cation  of  W  and  of  w,  we  have  S'  -  —  30,  Fig.  146.  and  «  -  +15.  Fig.  147 
leaving,  between  W  and  tv.  Fig.  148.  s+S*-  16  —  30  —  —  15.  If  th« 
total  right  end  reaction,  R'  +  r*.  exceeds  tr.  as  we  here  suppose,  the  shear.  ai 
any  point  between  the  two  loads,  W  and  to,  Fig.  I4S,,  la  negative,  as  indi 
uatedV  and  vice  versa.  gtizedb'^ -'f"^^*^    "^ 


SHEAR. 
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D.  In  any  Beetioa,  the  shear  ia  —  the  reaction  at  either  end,  minue  any 
between  that  end  and  the  given  eeotion. 

1.  If,  as  in  Fig.  149,  the  right  end  reaction,  R'  +  r',  is  —  the  load,  w, 
the  left  end  reaction,  R  +  r,  is  —  the  load,  W;  and  there  is  no  shear  at 
Kant  between^ the  two  loads.  In  other  words,  if  the  beam  be  cut  by  a 
m  at  any  point  between  W  and  to,  horisontal  forces  alone  will  pre- 
eqailibrium,  no  vertical  forces  being  required,  since  the  two  segments 
no  tendency  to  slide  vertically  past  each  other. 

S.  A  similar  condition  exists  in  any  section  where  the  sign  of  the  shear 
^  from  +  to  —  or  vice  versa.  Thus,  if  the  beam  be  cut  by  a  section 
diately  under  W,  Fig.  146  or  148,  or  under  tu.  Fig.  147,  horisontal  forces 
alent  to  the  fiber  stresses  in  the  beam,  will  suffice  to  preserve  equilib« 
without  a  vertical  force,  or  shear;  there  being  no  tendency  of  the  two 
enta  to  slide  past  each  other.  Also,  when,  as  in  Fig.  149,  under  W 
inder  ir,  the  shear  changes,  in  amount,  from  an^  value,  on  one  side  of 
ion,  to  0.  on  the  other  side,  the  shear  in  the  section  itself  is  —  0. 


'i<^ 

)      («) 

4 

6l 

W       Jv_ 

-«< 

rr-lff 


2tf 


AS 


Flv.146. 


Flff.  147. 


fggQ      goQ 


iw> 


tr-00 


B+ri 


-75 


•JSOl 


•+fl«- 


^ 


8" 
90 


IL 


"SO 
90 


Fl|r.  148. 


Fty.  149. 


!•  But  in  the  eection  under  ir,  Fig.  148,  where  the  shear  changes  in 
nt,  although  not  changing  sign  from  +  to  —  or  vice  versa,  there  is  a 

»  the  leaM  of  the  two  shears  on  the  opposite  sides  of  the  section,  for 
!  the  amount  of  the  shear  transferred  through  the  section,  or  is  the 
noy  of  either  s^^ment  to  slide  past  the  other. 

I.  With  any  number  of  loads,  if  that  portion  of  the  total  load  to  the 
I  any  section  be  called  X,  and  that  portion  to  the  right  of  the  same  sec- 
M  called  Y,  it  will  be  found  that  the  shear  in  the  section  is  equal  to  the 
ence  between  that  part  of  X  which  goes  to  the  right  support,  b,  and  that 
)f  Y  which  goes  to  the  left  support,  a. 
S.  With  a  load,  W,  Fig.  150  (a),  uniformly  distributed  over  the  entire 

the  maximum  shear.  —  R  —  R'  —  -j,  is  at  each  support,  a  and  6. 

oinimum  shear,  —  0.  is  at  the  center,  c  of  the  span,  which  is  also  the      . 
of  "»*-"^"»M'»  bending  moment,  see  %  321  and  Fig.  142.     At  any  point,^^^  i*^ 
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d,  the  shear  is  given  by  the  correspondinff  ordinate,  d\  Fig.  150  (6). 
Relation  between  Moment  and  Shear,  \%  359,  etc. 

336.  With  a  load,  W,  uniformly  distributed  over  any  part,  y,  of  the  i 
Fig.  151  (a),  find  the  end  reactions.  R  and  R'.  as  in  H  299.     Then 
between  a  and  <i,  shear  —  S   ■•  R :  , 

e  and  6,     *'      -  S'  «  R^; 
at  c,  ••      -  0. 

.  R  R' 

X  —  dc  —  y.^^;    «=•!/  —  X  —  c«-y. 


'  W 


'•w 


w 


Tig.  151. 


<          ■ 

r 

1 

'■      !  ' 

(I 

i\!i 

I  V 

^V^ 

Vl' 

i€ 

(d 

FIff.  159. 


Flff.  153. 


337*  When  the  loaded  portion,  y;  of  the  span,  begins  at  one  of  the  \ 


ports,  b.  Fig.  152  (a),  then  since  R  -  W-^  > 


W-   y,  we  have 


.  R  "'2Z  y        y« 

x-dc-y.^-y-^-y^--2j. 

338.  When  a  concentrated  load,  W,  Fig.  153,  is  added  to  a  load  unifoi 
distributed  over  the  entire  span,  or  over  a  part  of  it.  each  load  produces 
same  shears  as  if  it  alone  were  upon  the  span.  Those  due  to  W  are  re 
sented  in  Fig.  153  (6),  while  those  due  to  the  uniform  load  are  repr^esei 
in  Fig.  153  (c).  The  resultant  shear,  due  to  both  loads  combined,  is  re 
sented  in  Fig.  153  (d).  Note  that,  between  v  and  r,  the  addition  of  W.  ^ 
its  poaiixve  shear,  red^tcet  the  neqcUive  shear  due  to  the  uniform  load, 
that,  between  r  and  t,  the  addition  of  W  reverses  the  negative  shear; 
tliat  it  shifts  the  xero  point  from  z  to  r. 

For  Continuous  Beams,  see  Beams,  under  Strength  of  Material 
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Inllaenee  Diagrams. 
8w  Tlte  end  reactions,  due  to  a  siren  load^  and  eonsequently  tlie 
enta.  shears  and  streaaes,  produced,  at  any  given  point  in  a  si>an,  by 
load,  Tary  as  the  oosition  of  the  load,  relatively  to  the  supports,  is 
ged.  A  diac^ram.  Figs.  154  (6),  155  (b),  156  (6),  showing  the  change's 
produced  at  any  given  point,  is  called  an  influence  diagram,  or  innu- 

Influence  Diagram  for  MomentB. 

0.  Thus,  in  Fig.  154  (b),  a'Ml/  is  the  moment  influence  diagram  for  th« 
;,  c,  under  a  sin^e  concentrated  load,  W.f 


Tig.  154. 


1.  In  Fig.  154,  let  2  be  the  span,  x  the  variable  distance  of  the  load,  W,  t 
the  right  support,  fr,  andy  the  constant  distance,  a c,  of  a  given  point, 
m  the  left  support,  a.    Then,  for  any  position  of  W,  the  left  end  reac- 

R,  is  —  W  .  y ;  and  the  moment  of  that  xeaction  about  c,  —  R .  i^. 


y.   The  right  end  reaction  is  R' -  W 


Z  — : 


',  and  its  moment,  about 


R'  il  —  v)  -  W 


l  —  x 


a-»). 


long  as  W  is  between  b  and  c,  the  moment  at  c  is  —  R.y  -■  W.  y  .  y. 

Zm  Since  W,  y  and  /  are  constant,  the  moment,  at  e,  while  W  is  between 
1  c,  is  proportional  to  the  variable  distance,  x,  of  the  load  from  b.  It 
fore  increases  uniformly,  from  0,  when  W  is  at  &,  to  its  maximum  value, 
'hen  W  is  at  c.  See  T  317.  Hence»  if  the  ordinate,  c'  M,  be  made 
I,  by  scale,  to  the  maximum  moment,  M,  then  the  moment,  at  e,  for  any 
ion,  d,  e  or  /,  of  W,  between  e  and  b,  is  given  by  the  corresponding  ordi- 

d',  e'  or  r ,  to  the  line  &'  M.     Similarlv,  the  moments,  at  c,  for  any 
ions  of  W  between  e  and  a,  are  given  by  the  ordinates  to  the  line  a'  M. 
3*  For  the  moment,  at  c.  for  any  number  of  loads,  in  any  positions,  find 
aoment,  at  c,  for  each  load  separately,  as  above,  and  take  tneir  sum. 
4.  It  is  customary  to  construct  the  moment  influence  diagram  for  the 
tents  of  a  load,  W.  —  unity  (I  ton,  1  pound,  1  thousand  kilograms,  etc.). 
1  ordinate  must  then  be  multiplied  by  its  corresponding  load,  measured 
e  corresponding  unit,  in  order  to  obtam  the  required  moment. 
^m  When  W  is  at  the  point,  e,  we  have  x  —  <  —  y.     Hence,  ordinate, 

—  mayjmum  moment,  —  W  ,    "7^ .  y; or,  if  W  —  1,  c' M  —  -^~^  .  y. 


area  of  the  diagram,  afW/,  is  -■ 


CM-^ 


l-y 


V  - 


il-v)v 


See  "Calculation  of  the  Stresses  in  Bridges  for  Actual  Concentrated 
Ic,"  by  Prof.  Geo.  F.  Swain,  "Trans.  Am.  Soc.  C.  E.,"  vol.  xvix.  July, 

Inasmuch  as  the  load,  in  this  discussion,  occupies  different  positions  at 
rent  times,  it  is  not  shown  in  Fig.  154.  Dig,(i,,d  by  L^OOg IC 
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346.  If  a  load,  ■■  1«  bo  distributed  over  a  length,  *-  1.  at  e,  Fik.  Id8  (a). 

the  resulting  moment,  at  e,  may  be  represented  by  the  area  of  the  rectaxiirie 
standing  on  cf.  Fig.  (&),  the  height  of  said  rectangle  being  the  ordinate,  cril, 
and  its  length  *■  1.  Similarly,  the  moment,  at  c,  due  to  a  uniformly  dis- 
tributed load,  e  f,  of  1  per  umt  length.  Fig.  (a),  may  be  represented  by  the 
sum  of  the  areas  of  the  rectangles  between  e'  and  f.  Fig.  (b) :  and,  if  we  sup- 
pose the  load,  e  /,  Fig.  (a),  of  1  per  unit  length,  to  be  divided  into  a  very 
large  number  of  very  narrow  vertical  strips,  the  resulting  moment,  at  e,  xoay 
be  taken  as  represented  by  the  area  of  the  shaded  trapesoid  over  ef  f^  Fis. 
1 55  (6) .  The  moment,  at  c,  due  to  a  load  of  p  (lbs.,  tons,  etc.)  per  unit  leogth. 
and  occupying  the  same  length,  e  /,  La  —  p  X  area  of  trapezoid  over  tf  rVr'm. 
155  (6). 

347*  Hence,  the  maximum  moment,  at  e,  due  to  a  uniform  load  of  p  (lbe.c 
tons,  etc.)  per  unit  of  length,  occurs  when  that  load  covers  the  entire  apaa 


This  maximum  moment  is  *-  p  X  area  a'^Ib',  •■  p 


il  —  v)v 


8ee1345. 


Fiff.  155. 


Fiff.  156. 


Influence  Diagram  for  Shear. 

848.  Under  a  single  concentrated  load,  the  shear,  at  any  point  between 
the  load  and  either  support,  is  —  the  reaction  of  that  support.  See  %\  326 
and  327. 

349.  In  the  shear  influence  diagram.  Fig.  156.  as  in  the  moment  {nfluenoe 


diagram,  Fig.  154,  let  I  be  the  span;  £  the  variable  dbtance  of  the  load,  W, 
from  the  rignt  support,  6,  and  y  the  constant  distance,  a  e,  of  a  nven  point, 
Cj  from  the  left  support,  a.     Then,  for  any  position  of  W,  the  left  end  reao- 


«•  W .  y;  and  the  right  reaction,  R',  or  the  shear,  S',  at  any  pdnt  between 

I  — « 

the  load  and  the  right  support,  is  —  W  .  — y — . 

350.  The  influence  line  for  shear,  like  that  for  moments,  ^  344,  is  usually 
Qfltructed  for  a  load  —  unity,  so  that  S   —  R  -  y;  and  8'  —  R'  — 

P^.    Each  ordinate  of  the  shear  diagram  must  then  be  multiplied  by  W, 
order  to  obtain  the  required  shear. 

351.  Since  W  (  —  1)  and  I  are  constant,  R  and  S  vary  directly  (and  R'  and 
6'  inversely)  with  x.    Thtis,  when  W(  —  1)  is  at  6,  we  have  x  »  0;  S  —  R 

-  0,  and  S'  -  R'  =  W  -  1.  When  W  (  -  1)  isat  a.  we  have  x  -  I;  S  -  R 

-  1.  and  S'  -  R'  «  0.  Draw  a'  a"  and  V  6',  each  -  W  (  -  1),  and  join 
i'  V  and  of  h".  Then,  with  W  at  c,  the  (positive)  shear.  S,  at  each  point,  as 
^  between  c  and  a.  is  ^iven  by  the  ordinate,  cf  q,  to  the  line  a"  b';  while  the 
ordinate,  c'  h,  to  the  line,  a'  6',  gives  the  (negative)  shear  at  each  point,  as  e« 
between  e  and  6. 

352.  Simihirly,  with  W  at  e.  the  ordinate,  e'  t,  gives  the  (positive)  shear  at 
aach  point,  as  c,  between  e  and  a;  while  e*  p  gives  the  (ncgaUve)  shear  at 
Mch  point  between  e  and  b.  Digi,,^,  ^y  L^OOg IC 
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353.  It  wiB  be  noticed  that,  as  the  load,  W,  paasea  from  one  side  to  the 
other  of  any  point,  as  e,  the  shear  at  that  point  b  reversed,  the  total  change 
in  shear  being  -Ac'+c'a-Aa-the  load,  W. 

354.  With  a  load,  W  (  -  1),  at  6,  the  shear  at  c  is  -  0.  See  ^  351.  As 
the  load  advances  from  h  toward  a,  the  positive  shear,  8  »  R  »  y ,  at  e,  in* 
creases  in  proportion  to  the  ordinates  to  the  line  1/  o,  becoming  ^  tf  g  ^ 
•~^,  when  W  is  just  to  the  right  of  c.    With  W  just  to  the  left  of  e,  we  have, 

negative  shear  at  e  —  8'  *  Rf  ■-  e'  A  «■  -y.    Bat  as  W  proceeds  from  e  to  a, 

this  negative  shear,  at  e,  decresses  in  proportion  to  the  ordinates  to  the  Una 
k  of,  beooming  0  when  W  reaches  a.  Thus,  a*h{ff/  is  the  shear  influence 
diagram  for  the  point,  «•  Similarly,  a'ptl/  is  the  shear  influence  diagram 
for  the  point,  e,  etc. 

355.  If  a  series  of  nearly  uniform  and  equidistant  concentrated  loads, 
such  as  the  wheel  loads  of  a  locomotive  and  train,  come  upon  the  span,  at  the 
support,  b,  and  advance  toward  a,  the  shear  at  e  evidently  increases  until  the 
first  load  reaches  e.  It  is  then  suddenly  diminished,  by  an  amount  —  the 
first  load,  as  that  load  passes  e.  It  then  continues  to  diminish,  as  each 
wheel  passes  over  e,  but  more  slowly,  until  the  first  load  reaches  a.  See  ^ 
358. 

356«  With  a  uniformly  diairibtUed  load,  of  unity  per  unit  length,  moving 
as  in  ^  355,  the  shears  at  e  Csee  t  346)  are  represented  by  the  anoM  of  those 
portions  of  the  diagram,  arhgl/,  successively  covered  by  the  load,  portions 
of  the  diMram  below  the  sero  line,  a*  b\  being  taken  as  negative.  Thus, 
when  the  bead  of  the  load  reaches  e,  the  (positive)  shear  at  e  is  given  by  the 
area  of  the  triangle^  ^  s'  I.  With  head  ox  load  at  c.  the  shear  at  e  reaches  its 
maximum,  and  is  given  bv  the  area  of  triangle,  i/c  g.  With  head  of  load  at 
/.tiie  shear  ate  is  *-  areaVc'^  —  axesifefnn. 

357«  Similarly,  the  shears  at  e  are  given  by  the  areas  of  portions  of  the  dia- 
gram, of  ptV, 

Z5S*  Fig.  157*  shows  the  influence  diagram,  0  d  s  14  18,  for  the  shears  at 


y 


Fiff.  157. 

pohit  6,  for  a  given  uniformly  distributed  load,  at  least  as  long  as  the  span, 
coming  upon  the  span  at  pomt  0,  passing  across  it,  and  leaving  it  at  point  8; 
also  the  corresponding  diagram.  0  •  16,  for  the  left  support,  8;  and  that, 
0  a  16^  for  the  right  support,  0. 

For  the  action  of  mtemal  resisting  forces  in  beams  and  trusses,  see 
Transverse  Strength,  under  Strength  of  Materials,  and  Stresses,  under 
Trusses. 


•First  published  in  our  9th  Editiof^zJyS^OOgle 
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STATICS. 


Belatlon  between  Moment  and  Shear. 

359.  The  shear,  at  any  point  in  the  span,  is  simply  the  rate  at  whlcl 
the  bending  moment  1a  changing  at  that  point. 

360.  Thus,  in  Fig.  158,  the  moment.  M,  Fig.  (b),  at  the  support,  h,  due  t 
the  concentrated  load,  W.  of  6  tbs.,  £8  =  W/-6X4-24  ft.-ftw.;  but 
between  the  support  and  the  load,  the  moment  is  decreasing  at  the  unifori 
rate  of  6  ft  .-lbs.  for  each  foot  of  x,  or  6  ft  .-tbs.  per  foot  —  6  lbs. ;  and  this  6  Ibi 
is  the  uniform,  ahear,  V,  Fig.  (c),  throughout  the  beam.  Hence  the  shea 
diagram.  Fig.  (c),  is  a  horuonUU  line ;  t.  e.,  its  ordinates  are  of  equal  length. 

361.  Again,  in  Hg.  159,  the  shear  diagram  ordinates  between  a"  and  o^ 
Fig.  (c),  are  poeitive;  showing  the  (algebraic)  increase  of  the  bending  momenl 
M,  Fig.  (&),  as  we  proceed  from  the  left  support,  a,  toward  the  center,  o,  c 
the  span;  while  .the  negative  shear  diagram  ordinates,  between  o^  and  I/' 
show  the  (algebraic)  decrease  of  the  bending  moment  as  we  proceed  froc 
the  center,  o,  to  the  right  support,  h.  At  the  center,  o,  the  rate  of  change  o 
bending  moment  is  rero,  as  is  also  the  vertical  shear. 


Fiff.  15S. 


Fiff.  159. 


362.  Both  in  Figs.  158  and  159,  the  bending  moment,  M.  is  oonstantl; 
changing;  but  in  Fig.  158  its  raU  of  change  (—6  ft.-lbs.  per  ft.  of  span)  i 
constant.  Hence,  the  moment  diagram  is  a  straight  inclined  line,  and  th 
shear  diagram  is  a  horizontal  line;  whereas  in  Fig.  150  the  rate  of  change  o 
bending  moment  is  coastantly  varying,  being  —  12  ft.-tt>s.  per  foot  of  spai 
(shear  —  12  tbs.)  at  the  support,  and  diminishing  to  sero  at  the  center,  o.  o 
the  span.  Hence,  in  Fig.  159,  the  moment  diagram.  Fig.  (6),  is  no  longe 
straight,  but  curved;  and  the  shear  diagram.  Fig.  (c),  is  no  longer  horisontaj 
but  inclined. 

363.  But.  in  Fig.  159  (c)f  the  shear,  V,  or  the  rate  of  change  of  the  bendinj 
moment  (although  no  longer  ooruton/,  as  it  was  in  Fig.  158  (c)),  neverthelcs 
diminishes  uniformly,  as  we  proceed  from  o  toward  6.  Thus,  at  the  point,  1 
Fig.  159,  midway  between  a  and  o,  the  bending  moment  is  changing  at  th 
rate  of  6  ft.-lbs.  per  foot,  or  half  as  fast  as  at  a.  Hence,  the  shear  diagram 
although  no  longer  a  horizontal  line,  is  still  a  straight  line;  and  the  uniform 
decrease  ( —  6  ft.-lbs.  per  foot  per  foot)  in  the  rate  of  change  of  the  bendinj 
moment,  or  the  uniform  decrease  (  "■  6  tbs.  per  foot)  in  shear,  is  indicated  b; 
the  horizontal  diagram  in  Fig.  159  (d). 

,  864.  In  either  Fig..  let  a  straight  line  be  drawn,  tangential  to  the  momen 
diagram  (6),  at  anypoint.  c',  and  forming,  with  the  horisontal  zero  line,  a'  b' 
im  angle,  A.  (In  Fig.  158,  this  line  comcides  with  the  moment  diagram. 
Then  the  tangent  of  A  is  given  by  the  shear  diagram  oidinate,  c",  oorre 
•ponding  to  the  point,  e;  or,  for  any  point,  V  —  tan  A. 


MOMENT  AND  SHEAR. 
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165.  In  Fig.  158,  where  this  angle,  A.  Fig.  (jb),  is  eonatant,  the  shear  ordi* 
es,  Fi^.  (c),  are  of  anutant  length.  In  other  words,  the  ahear  diagram, 
;.  158, 18  a  hariMontal  line. 

166.  Since  the  shear  diagram  ordinates  represent  foreet  (as  in  lbs.,  etc.) 

1  the  abecisaas  represent  distance$  (as  in  ft.,  etc.)  the  product  of  the  dis- 
ee  between  any  two  shear  ordinates,  multiplied  by  the  mean  of  those  ordi- 
es,  is  an  area  representing  a  momenl  (in  ft. -lbs.,  etc.).    This  moment  is  — 

difference  between  the  two  moments  represented  by  the  corresponding 
inates  in  the  moment  diagram. 

(67.  Thus,  in  Fig.  158  (6),  the  increase  in  (negative)  bending  moment, 
ween  points  1  and  3,  is  -  18  —  6-12  ft.-lbs. ;  and,  in  Fig.  158  {c),  the 
ment  represented  by  the  (shaded)  area,  between  the  same  two  points,  is 

2  ft.  X  6  lbs.  -  12  ft.-tt>8.  In  Fig.  159,  the  (algebraic)  increase  in  bend- 
naoment.  Fig.  (&),  between  the  left  support,  o,  and  the  center,  o,  of  the 

n,i8">S+4  —  12  ft.-tbs. ;  and  the  moment,  represented  by  the  shear 
gram  area  (triangle)  between  the  same  two  points,  Fig.  (c),  is 

-|v^-i?^-12ft.-lbs. 

(68.  Again,  in  Fig.  159,  at  any  two  points  egually  distant  from  the  center, 
>f  the  span,  the  moments  are  equal;  or  difference  of  moments  —  zero: 
L  since  shear  ordinates  bel&w  the  sero  line,  a"  l/\  Fig.  (c).  are  considered 
M^o/tve,  the  algebraic  aom  of  the  two  corresponding  shear  triangles.  Fig. 
is  also  ■■  sero. 

limilariy.  areas  in  Fig.  150  (A  oorreapond  to  differanoes  of  ordinates  li> 
.  1^  (c). 

IMAcnum  for  Boaetlons,  IS^hears  and  Momente. 

89.  In  Fig.  58  (6),  p.  385.  cv  and  wXg^ve  respectively  the  reaetlons 
he  right  and  left  supports,  w  and  x.  Fig.  58  (a). 

lie  sbear,  pp.  446,  Ac,  is  constant  for  all  the  sections  between  any 
loads.     For  the  shear  in  any  such  section,  as  d,  find,  in  the  equilibrium 


/gon.  Fig.  58  {b)  the  lines,  c  to  and  b  c.  representing  the  forces,  w  and  c, 
be  right,  or  those,  w  X,  X  a  and  a  6,  representing  the  forces  x,  a  and  6^ 
he  left,  of  the  section.    Then  the  line,  b  w,  "  c  w  —  6  c,  oripb—  ip  X 


K  a  —  a  b,  represents  the  resultant  of  either  set  of  forces,  and  thus 
re»enta  the  shear  in  the  section,  d. 

0  find  the  bendlnnf  moment  in  any  section,  asd.  Fig.  58  (a);  from 
raw  a  vertical,  cutting  the  lines  a  r  and  n  p  of  the  cord  polvgon,  and 
y  —  the  length  of  the  ordinate,  intercepted  on  the  vertical,  between 
K  lines. 

roduce  s  r  and  n  p  to  intersect,  as  at  e.    Then  e  is  the  point  of  applica- 

1  of  the  resultant,  U  ^  bw.  Fig.  58  (6),  of  the  two  forces  to  the  right  of 
n%:  of  the  load  c,  represented,  in  Fig.  58  (5)  by  6  c,  and  the  reaction 
IT,  represented  by  e  w;  for,  if  the  load,  c,  and  the  reaction  at  w  were 
loved,  we  should  require,  for  equilibrium,  a  vertical  reaction,  6  to  —  c  w 
>  e:  and  the  corresponding  lines,  b  O  and  w  O,  in  the  force  diagram,  are 
x'ctively  parallel  to  n  p  and  «  r  in  the  cord  polygon. 

a  other  words,  by  eliminating  the  load,  c,  and  the  reaction  at  to,  and 
otituting  their  resultant,  {/  —  6  to,  we  substitute  also  a  new  cord  poly- 
,  »  m  n  e  Bt  Fig.  58  (a),  with  U  {=  b  w)  applied  at  e. 
a  section  d,  let  L  be  the  lever  arm  of  this  resultant,  U,  —  the  horizontal 
ance  from  «  to  i/.  In  Fig.  58  (6),  draw  O  h  horizontal,  repref^enting  the 
izontal  component  of  each  of  the  stre«»e8,  X  0,  a  O,  etc.  Let  H  =  the 
fth  of  O  h.  Then  the  bending  moment,  in  section  d,  is  M  •=  H  y ;  for 
«=  U  L;  and,  by  similar  triangles,  L  :  y  ^  H  :  U;  or  U  L  =  H  y. 
eRie  of  momento.  Since  Af  »  /^  y,  we  can,  by  choosing  the  position 
y*  at  the  proper  dist-ance  from  X  e,  obtain  any  desired  scale  of  moments 
which  to  measure  moments  directly,  utx>n  y.  Thus,  suppose  that  a  scale 
.  inch  —  2  feet  has  been  used  in  Fig.  58  (a),  and  that  it  is  desired  to 
e  a  monMQt  scale  of  1  inch  —  50  ft-ibs.  Then  we  need  only  so  choose 
position  of  O*  that  its  distance.  U,  from  X  e,  shall  represent  50  ft-lba 
i  ft  -  25  lbs,  by  the  scale  of  Fig.  58  {b).  Then  1  inch,  in  length  of  y, 
i  correspond  to  2  ft  X  25  lbs.  =-  50  ft-lbs. 


♦  See  p.  378,  ^  96. 


Digitized  by  LjOOQ  IC 
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STRENGTH  OF   MATERIALS. 


STBENOTH  OF  MATEBIALS. 


eENERAI.  PRINCIPI^ES. 

Stress. 

1.  Stress  occurs  when  forces  act  upon  a  body  in  such  a  way  that  ii 
particles  tend  to  move  simultaneously  with  different  velocities  or  in  diflfe 
ent  directions;  to  do  which,  the  particles  must  change  their  relative  po9 
tions.  This  occurs,  for  instance,  when  a  body  is  so  placed  as  to  oppose  tfc 
relative  motion  of  two  other  bodies;  as  when  a  block  is  placed  between 
weight  and  a  hor  table.  Here  the  two  bodies  Uhe  wt  and  the  table)  tend  t 
rf)me  closer  together;  but  they  cannot  do  so  without  distortion  of  the  ii 
tervening  block;  and  such  distortion  is  resisted  by  internal  forces,  a<*i 
irjg  betw  the  particles  of  the  block  and  tending  to  keep  those  particles  i 
i  heir  original  relative  positions.  The  action  of  these  internal  forces  is  calle 
stress.* 

2.  Similarly,  if  a  body  be  susjDended  by  a  lonjj  chord,  and  if  we  push  c 
pull  the  body  to  one  sicfe,  the  particles,  on  the  side  acted  upon,  will  firs 
tend  to  move,  and  the  transmission  of  this  tendency  to  the  remaining  paj 
tides  causes  stress  within  the  body. 

8.  For  internal  equilibrium,  the  Internal  stresses  mast  balane 
the  external  forces.  Hence,  it  is  not  unusual  to  apply  the  tern 
'"stress,"  indifferently  to  either. 

4.  Let  the  two  forces,  a  and  b.  Figs  A,  B,  acting  upon  the  body,  o,  mee 
nt  an  angle,  a  o  b.  Then  the  two  equal  and  opposite  components,  a' 
and  6"  o,  cause  compressive  or  tensile  stress  in  the  body,  o,  as  in  H  I;  whil 
the  other  two  components,  a'  o  and  6'  o,  unite  to  form  the  resultant,  c  c 
which,  unless  balanced  by  other  forces,  moves  the  body,  o,  in  its  own  direc 
tion,  causing,  as  in  H  2,  another  comp  strees,  Fig  A,  or  tensile  stress,  Fis  E 


Flff.  B. 


5.  Fpon  any  plane  within  a  body,  a  force  may  act  (1)  normally 
(2)  tanprentially,  or  (3)  obliqnely.  If  it  act  obliquely,  it  may  b 
resolved  into  two  components  (see  Statics,  ^  65,  p  372),  one  acting  normall: 
uDd  the  other  tangentially,  upon  the  plane. 

6.  Consider  the  two  portions  into  which  the  body  is  divided  by  such  i 
plane.  Then  (1)  forces,  acting  normally  upon  the  plane,  produce  ten 
Hlon  (or  compression)  in  the  plane,  tending  to  separate  the  two  por 
tions  (or  to  push  them  closer  together ) ;  and  (2)  forces,  act  ing  tang'entlallj 
upon  the  plane,  produce  shear  (or  torsion)  in  the  plane,  tending  t< 
slide  the  two  portions  one  past  the  other  in  a  straight  line  (or  with  a  twisting 
motion).  Torsion  occnrs  in  planes  betw  and  parallel  to  two  con 
t  rary  couples,  as  in  cross  sections  of  a  hand-brake  axle  when  the  brak< 
is  applied. 

7.  Thus,  if  an  iron  bar  be  pulled  (or  pushed)  lengthwise,  its  cross  section: 
sustain  normal  tension  (or  compression).  If  it  be  sheared  across  (or  twists ) 
the  cross  sections,  between  and  parallel  to  the  two  shearing  (or  twisting 
forces,  sustain  shearing  (or  torsional)  stress. 

8.  At  any  point,  in  the  circular  path  of  a  torsional  strees,  we  may  conaidei 
the  tangents  to  the  path  as  representing  shearing  forces.     Torsion  h 


*  In  every-day  language,  and  often  in  the  writing  of  engineers,  this  actioi 
of  the  internal  forces,  or  the  external  force  causing  it,  is  called  '"strain" 


but  8cientists  apply  the  word  **  strain  "  to  the  deformation  occurring  undei 

..lr«-         C^*«»«»^*^k  9««CI11    >«.  Digitized  byXjOOgle 
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efore  merely  a  sMeArlnc  streas  in  which  the  direction  changes  at  each 

it. 

.  Trans veme  siri^Mi.  In  Fig  124,  p  438.  the  two  equal  and  parallel 
es,  W  and  R.  in  opp<)site  directions,  cause  a  tangential  or  ahearing  stress, 
F  »  A,  in  the  vertical  planes  lying  between  their  lines  of  action;  but 
ind  i?,  as  a  couple,  have  a  moment,  which,  for  equilibrium,  must  be  re- 
!d  by  the  equal  and  opposite  moment  of  another  couple,  as  C  and  T', 
the  opposition  of  theae  two  couples  causes  normal  (comp  and  tenaile) 
ises  in  the  same  vert  planes  parallel  to  and  betw  W  and  R. 
9m  The  ultimate  tendency  of  any  opposing  external  forces  is  to  fracture 
body  by  iiureanng  the  distances  between  its  particles.  Even  under 
prenive  stress,  rupture  can  occur  only  by  aeparalion  of  particles. 

fttrefch. 

I.  When  the  internal  streeaeB  and  the  external  forces  are  in  equiUbrium, 
distortion  takes  place;  but,  at  the  instant  when  opposing  external 
es  are  first  applied  to  a  body,  the  internal  stresses  are  not  yet  developed, 
fltotortlon  begins,  under  the  unopposed  action  of  the  external  forces. 
^^  35  et«.  But  the  stresses  are  brought  into  action  by  the  distortion, 
they  increase  with  it;  and,  if  the  external  force  is  not  increased  beyond 
elastic  limit  (?  26}  the  stresses  finally  equal  the  external  forces,  and 
rent  further  distortion. 

Stretch.    1000  9  ^1000  l/z 

100  150  200 


1.0 
Stretch, 

BehaTlor  under  Normal  fltreflmes. 


1.5  2.0 

jooocioooi/l 


2.  Fl|r  C  represents  the  behavior  of  a  typical  material  (mild 
1)  under  tennlon.  From  0  to  A,  i.e.,  under  stresses  up  to  the  ela«- 
limit  (^  26),  say  34,000  lbs  per  sq  inch,  the  stretch  progresses  propor- 
lally  with  the  stress,  as  indicated  by  the  straight  line,  0  A.  (The  earlier 
tions  of  the  process  are  represented,  in  the  lower  diagitim,  to  a  scale  of 
tch  100  times  as  great  as  that  of  the  upper  diagram. ">  After  passing 
point  A ,  the  stretch  increases  faster  than  the  stress;  and,  betw  B  and  B'\ 
stretch  (in  iron  and  st^eel)  increases  with  little  or  no  increase  of  stress,  or 
a  under  a  slightly  diminishing  stress.*  B  is  called  the  yield  point. 
%  31.  The  scale  of  the  lower  diagram  does  not  extend  to  B\  Beyond 
(upper  diagram),  the  stretch  increases  much  less  rapidly  than  betw  B 


i 


♦See  HI  16.  17 


Digitized  by\jOOgl€ 


456 


8TBENGTH  OF   MATERIALS. 


and  B\  and  remains,  for  a  time,  nearly  proportional  to  the  stress*  (thoujc! 
much  greater,  relatively  to  stretch,  than  in  0  A);  but  the  stretch  now  pro 
ceeds  faster  and  faster,  and  in  increasing  ratio  with  the  stress,  until  th 
stress  reaches  its  maximum  or  nltimate  value  (say  70,000  lbs  per  sq  inch 
at  C.  At  C,  the  stretch  is  increasing  without  increase  of  str^s  (diagran 
horizontal);  and,  beyond  C,  the  stretch  continues  increasing  altho  the  stres 
in  diminishing,  until,  finally,  at  D,  rnptare  occurs. 

IS.  If,  after  passing  the  elastic  limit,  the  bar  is  relieved  from  stres;*,  a 
at  F,  Fig  C,  lower  diagram,  its  recovery  is  incomplete,  the  length  remainini 
somewhat  greater  than  in  its  original  unstressed  condition,  line  permanent 
increase,  0  F',  is  called  the  permanent  set,  or  simply  the  net.  Tb< 
line  F  F'  is,  in  general,  approx  parallel  to  the  line,  0  A,  of  elastic  stretch 
When  the  same  stress  is  again  applied,  the  stretch  is  greater  than  before,  hi 
a  small  amount  represented  by  F  F". 

14.  When  the  stress  is  within  the  elantte  limit  (1  26),  tlif 
recovery,  upon  release  from  stress,  is  so  nearly  complete  that  the  per- 
manent set  cannot  be  indicated  in  our  Figs.     (11  28.) 

15.  Under  tension,  the  see  area  is  diminUhed^  and,  under  compreatior 
increased.  In  ductile  materials,  under  tension,  the  reduction  of  sec  area  ii 
ver>'  marked,  especially  along  a  relatively  short  portion  of  the  length,  usuall> 
near  the  middle  of  said  length;  and  fracture  occurs  normally  at  the  poin.< 
of  maximum  reduction. 

16.  In  Fig  C,  both  diagrams,  and,  in  Fig  D,  the  solid  curves,  represent 
the  nominal  unit  strefiMieM,  or  those  usuaUv  stated.  These  are  found 
by  dividing  the  total  stresses,  ret^iectively,  by  the  original  section  area,  at 
in  1  18. 

17.  The  dotted  curves.  Fig  D,  represent  the  actual  unit  stresneft. 
found  by  dividing  the  total  stresses,  respectively,  by  the  actual  section  area, 
as  diminished  or  mcreased  by  stress.  \)  nder  tension^  the  actual  unit  strest^et 
are  of  course  greater^  and,  under  romp,  less  than  the  corresponding  nomioaJ 
unit  stresses. 


Negntlve  strefch 


Oi 


Htrcieh 


5/5 


Fiff.  D. 


Elafttle  BTodnlnn.    Fig.  C. 

IS.  Let  P  —  the  load  (one  of  the  two  equal  and  opposite  external  forces 
acting  at  one  end  of  a  bar  and  in  Une  with  the  axis  of  the  bar;  and  let  a  ^ 
the  original*  cross-section  area,  or  section  area,  of  the  bar.  normal  tc 
its  axis.  Then,  «,  —  P  /  a,  is  the  normal  stress  per  unit  of  area,  or  stres' 
ifUensitu,  or  normal  nnlt  strefw,  in  the  bar.  We  assume  that,  so  long  at 
the  external  force  acts  axially,  P  is  uniformly  distributed  over  a,  altho  thii 
is  seldom  strictly  the  case  in  practice. 

♦See^H  16,  17 
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19.  Let  L  —  the  original  length  of  the  bar,  or  of  some  deticnated  portion 
of  that  length,  and  1  —  the  stretch  *  which  takee  place,  in  the  length,  L,  • 
ooder  the  action  of  a  given  unit  streaB,  «.    Then,  «,  ^  I  /  L,\»  the  stretch 
per  unit  off  length,  or  nnlt  streteb,*  oorra«ponding  to  the  unit  etrMs,  «. 

SO.  In  many  mafteriala,  the  unit  strees,  a,  and  the  unit  stretoh,  «,  at  first 
increase  proportumatty,  the  ratio,  •/«,  or  umt  stress  +  unit  stretch,  remain- 
ing practicaUy  constant.  This  ratio  is  called  the  elastic  modvlns, 
and  IS  designated  by  i?;  or 

Elastic  Diodaliu  «£-•/«»  unit  stress  -f-  unit  stretch. 

26  a.  The  elastic  modulus  is  thus  proportional  to  the  tani^ent 

of  the  angle.  X  0  A,  Fig  C,  the  proportion  depending  upon  the  scales  adopted. 

20  b.  The  elastic  modulus,  E,  increases  with  the  unit  stress  rsqd  to  pro- 
duce a  ^ven  unit  stretch.  Hence  £  is  a  measure  of  the  atiffnets  of  a  body, 
i.e.,  of  its  ability  to  resist  change  of  shape.  **StifnieMi  modnlns** 
would  have  been  a  better  name. 

20  c  If  equal  additions  of  stress  could  indefinitely  continue  producing 
equal  additional  stretches  in  a  bar,  beyond  as  well  as  within  the  elastic 
fimit  (5  28),  then  a  stress,  equal  to  the  elastic  modulus,  would  double  the 
Ungih  of  a  oar  when  applied  to  it  in  tenaion,  or  would  thorien  it  to  tero  in 
eompresatum, 

20d.  For  example,  within  the  elastic  limit,  a  one-inch  square  bar  oi 
rolled  steel  will  stretch  or  shorten,  on  an  average,  about  ^qooq  ^^  ^^"  length 
under  each  additional  load  of  1000  lbs.  If  it  could  stretch  or  shorten  in- 
definitely at  the  rate  of  qx-q^a  of  its  original  length  for  each  1000  lbs.  of 

added  load,  then  30,000  times  1000  lbs.,  or  30,000,000  lbs.,  (which  is  about 
ihe  avera^  modulus  of  elasticity  for  such  bars)  could  either  stretch  the  bar 
to  double  its  length  or  reduce  it  to  sero. 

20  e.  If  equal  infinitesimal  stresses,  applied  to  a  bar,  could  indefinitely 
produce  stretches,  each  bearing;  a  eonttant  ratio  to  the  increased  length  of  the 
oar,  if  in  tension;  or  to  the  dtminiehed  length,  if  in  eompreeeion;  then  the 
8une  load  which  would  double  the  orif^'no/ length  of  the  bar,  if  applied  in 
tension,  would  reduce  it  to  half  its  original  length,  if  applied  in  compression. 

*We  regard  shorteninot  under  compression,  as  negative  stretch. 


( 
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21.  In  m  prismaiie   bar,  under  long^tadln»l  tension  oi 
comppeaslon,  let 

W  -  the  total  load  ; 

a  —  the  cross  section  area  ; 

W 
■  -^   —  <-  the  unit  stress  «  the  stress  per  unit  of  area ; 

L  -  the  original  length ; 

/  —  the  stretch  * ; 

f  —  IJL  —  the  unit  stretch  *  —  the  stretch  *  per  unit  of  original  length 

E  ~  the  elastic  modulus  of  the  material ; 

r  —  J?  a  —  a  measure  of  the  resistance  of  the  bar. 

Then 

W    Li 
FJantic  modnlns  -  J^  -  —  .  ^  -  «/« (1 

Total  load  -IF-   Ea  .r=-  ^  re  (2 

Li 

I'nit  atreaa  -   »   -  —  -  Ee (3 

Total  streteh*       -  I    -  ^-g (4; 

-   •  ■  g W 

Vnll  .treu-h*         =  «  =  i  -  ^  -  *^ (6] 

22.  tn  a  beam,  supported  at  both  ends  and  loaded  at  the  center,  lei 
L  —  length        of  clear  span  of  beam  ; 

w  —  weight       "      **  **  "       "     ; 

A  "■  deflection  **      "  **  *'       **     ; 

b  »  breadth  of  cross  section  of  beam  ; 

d  —  depth  *'  *'          '*       "        "     ; 

/  —  moment  of  inertia  "  *'          *'       "        "     . 

(W   +  5/8  w)  lA 

^ ^  K~i       ^'^ 

6  d  s 
[f  the  beam  is  rectangular,  /  —    -^       (p  469),  and 

12  {W  4-  5/8  w)  L«        (tr  4-5/8  u>)L» 

*"  A^C^hd}  "  4A6d3 ^®J 

For  beams,  see  also  pp  480-481. 

s:i.  Reciprocal  of  elantlemodalos.    The'ela«iic  modnluffi, — 

-    --1 — — r.  indicates  the  tiresB  required  to  produce  a  certain  dittoriion. 

It^i  reciprocal,  —  — r-— ,  shows  to  what  extent  a  bar  etc  of  a 

unit  stress 
ff^ivpii  nmterial  must  be  distorted  in  order  to  produce  a  given  stress.  This  may 
hi*  of  Rrnat  importance,  especially  in  the  design  of  structures  of  timber,  the 
eln-slio  modulus  of  which  is  low,  relatively  to  that  of  steel;  and  in  which, 
thiereforo.  a  relatively  great  distortion  must  take  place  before  a  given  fiber 
Htrf«t*  itiuch  as  the  maximum  safe  fiber  stress)  can  be  brought  into  action. 
Thun.  in  the  case  of  a  wharf,  support^ed  by  long  timber  piles,  the  piles  may 
submit  to  so  great  a  lateral  deflection  as  to  give  the  load,  resting  upon  them, 
a  fJang^rously  great  horizontal  leverage,  and  thus  a  dangerous  overturning 
moment. 

*  Compretaion  is  regarded  as  negalive  stretch. 
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S4.  TsriaMe  elastle  — doliMi>  Fig;  11,  Concrete  eocpeiimenta 
81a  p  1340,  Bhowa  so  example  (in  both  tenmon  and  compraanoQ)  of  a 
matetiai  in  which  the  elastic  modulus.  S,  m  constantly  chancing;  the 
stretches,  from  the  first,  increasing  faster  than  the  stresses. 

2S.  Even  in  the  case  of  ductile  materials,  the  stretches,  produced  by 
stresses  within  the  elastic  limit  (t  26)^  are  so  small  and  so  irregular  that  a 
satisfactory  average  value  of  the  elastic  modulus  can  be  arrived  at  only  by 
comparing  the  results  of  many  experiments.  In  the  case  of  brittle  materialok 
where  scarcely  any  perceptible  stretch  takes  place  before  rupture,  the  deter- 
mination of  the  elastic  modulus  is  very  uncertain. 

Elastic  lilmlt. 

2€.  The  stress,  0  A,  ¥1g  C,  beyond  which  the  stretches  in  any  body 
increase  perceptibly  faster  than  the  stresses,  is  called  its  elantlc  limit, 
or  limit  <u  elasticity.  Owing  to  the  irregularity  in  the  behavior  of  different 
specimens  of  the  same  material,  and  to  the  extreme  smallness  of  the  distor- 
tions caused  in  most  materials  by  moderate  loaris,  and  because  we  often 
cannot  decide  just  when  the  stretch  begins  to  increase  faster  than  the  load, 
the  elastic  Umit  is  seldom,  if  ever,  determinable  with  exactness  and  certainty.* 
But  by  means  of  a  large  number  of  experiments  upon  a  given  material  we 
may  obtain  useful  average  or  minimum  values  for  it,  and  should  in  all  cases 
of  practice  keep  the  stresses  well  within  such  values;  since,  if  the  elastic 
limit  be  exceeded  (through  miscalGulation,  or  through  subsequent  increase 
in  the  stress  or  decrease  in  the  strength  of  the  material)  the  structure 
rapidly  fails.  The  table,  p  4A0,  gives  approximate  average  elastic  limits 
for  a  few  materials.  The  elastic  Emit,  as  here  defined,  is  sometimes  called 
tiie  *«  true  '*  elastic  limit.    Compare  H  31 . 

27.  Brittle  materials,  such  as  stones,  cements,  bricks,  etc.,  can  scarcely 
be  said  to  have  an  elastic  Umit;  or.  if  they  have,  it  is  almost  impossible  to 
determine  it:  since  rupture,  in  sucn  bodies,  takes  place  before  any  stretch 
can  be  satisfactorily  measured. 

28.  A  small  permaneiit  *'set**  (stretch)  probably  takes  place  in  all 
eases  of  stress  even  under  very  moderate  loads;  but  orainarily  it  first  be- 
comes noticeable  at  about  the  time  when  the  elastic  hmit  is  exceeded. 
Tiie  elastic  limit  is  sometimes  deHned  as  that  stress  at  which 
the  first  marked  permanent  set  appears. 

2».  TMe  elastic  ratio  of  a  material  is  the  quotient,  -rr^"*!*®  1-""\tv-  . 

ultimate  strength 
It  b  usually  expressed  aa  a  decimal  fraction. 

The  permissible  working  load  of  a  material  should  be  determined  by  its 
elastic  limit  rather  than  oy  its  ultimate  strength.  Hence,  other  things 
being  equal,  a  high  elastic  ratio  is  in  general  a  desirable  qualification;  but, 
OQ  the  other  hand,  it  is  possible,  by  modifying  the  process  of  manufacture, 
to  obtain  material  of  high  elastic  ratio,  but  deficient  in  "body"  or  in  resil- 
ience— i.  e.,  in  capacity  to  resist  the  effect  of  blows  or  shocks,  or  of  sudden 
application  or  fluctuation  of  stress.     See  H  34 :  also  HH  35  etc. 

in  the  manufacture  of  steel,  the  elastic  ratio  is  increased  by  increasing  th^ 
reduction  of  area  in  hammering  or  roUinfi^,  and  the  rate  of  increase  of  elastie 
ratio  with  reduction  of  area  increases  rapidly  as  the  reduction  becomes  very 
great.    Kirkaldy  foundf 

for  steel  plates    1  inch  thick,  mean  elastic  ratio  —  0.53 

•     H      "         -  0.63 

H -  0.64 

H «  0.61 

^The  U.  8.  Board  appointed  to  test  Iron,  Steel,  Ac,  found  a  variation  of 
nearly  4000  lbs.  per  square  inch  in  the  elastic  limit  of  bars  of  one  make  of 
roiled  iron,  prepared  with  great  care  and  having  very  uniform  tensile  strength; 
and,  in  another  very  carefully  made  iron,  a  difference  of  over  30  per  cpDt 
between  two  bare  or  the  same  aise.     Report,  1881,  Vol.  1,  p.  31. 

t  Annual  Report  of  the  Secretary  of  the  Navy,  Washington,  1885,  Vol.  I, 
'    nt  Shipping  Experiments  on  Steel,  Pailiamentary  Paper, 


.  499;  and  Merehant  i 
1.2897.  London,  18S> 


Digitized  by\jOOgl€ 


460 


STRENGTH  OF  MATERIALS. 


30.  Elwrtic  Moduli  mid  ElMitle  Umlto.    Approximate  aTengeB.t 
M  *  elastic  inodalns,  in  millious  of  pounds  per  square  incii ; 
I  a-  Btretcli  or  eompreMlou,  in  iua,  in  a  lengtti  of  10  feet^  onde 
a  load  of  1000  pounds  per  square  incti. 
-(10X12X1,000) +  (1,000.000  if);  ,     ,  , 

00  =>  slreM  at  elasUo  limit,  in  thousands  of  pounds  per  square  Incli 


Metals. 

Iron,  cast 

"        "    ordinarily 

"      wrought* 

Steel,  structural* 

Brass,  ca»t 

••      wire 

Copper,  cast 

*♦       wire 

Lead 

Tin,  cast 

Bronses 

Stones,  etc.  t 

Masonry  t  

Wood  J 


10  to  30 
12  to  15 
27  to  81 
•*  to  •• 
8  to  10 

12  to  16 
10  to  14 
10  to  14 

0.8  to  1.0 
6to   7 

13  to  15 
4  to   8 

0.5  to  2 
IJSto   2 


0.012 

0.010 

0. 

0.015 
0.010 
0.012 
0.012 
0.160 
0.020 
0.009 
0.080 
0.240 
0.080 


to0.004 
to  0.008 
004 

to  0.012 
to  0.007 
to  0.009 
to  0.009 
to  0.120 
to  0.017 
to  0.008 
to  0.015 
to  0.060 
lo  0.060 


4  to   8 

6to   7 

20  to  40 

84  to  38 

6to   7 

14  to  18 

6to   7 

8  to  12 

Ito    l.i 

1.4  to    l.C 

14  to  15 

Ito    S 

Art  4  (b) 

5to   7 


Si.  Tleld  point.  Commerelal,  RelatlTe  or  Apimrent  Elaa 
tie  Umif .  In  testing  specimens  of  iron  and  steel,  it  is  commonly  found  that 
si  a  stress  slightly  exceeding  the  true  elastic  limit  (1[26),  the  stretch  begini 
to  Increase  without  further  increase  of  load.  This  point  is  asually  called  ''th( 
field  point,"  or  *' the  elastic  limit"  in  commercial  testing.  The  French  Com 
mission  on  Methods  of  Testing  the  Materials  of  Construction  called  it  tb< 
'*  apparent  elastic  limit."  The  mte  Prof.  J.  B.  Johnson  ("  The  Materials  of  Con 
itruction,"  New  York,  John  Wiley  A  Sons,  1906,  p.  19)  applied  the  term.  **  rela 
tire  or  apparent  elastic  limit"  to  that  point  on  the  stress  diagram  at  which  th< 
rate  of  deformalion  is  60  per  cent,  greater  than  at  points  below  the  true  elastli 
limit.  t—  »  •- 

Rosilieneo. 

82.  The  r^ailieiieo  of  a  bar,  under  a  streas,  s,  is  the  work  done,  upoi 
the  bar,  in  producing  that  BtreaB,  or,  ttieoretacaily,  the  work  wliich  the  ba 
will  do,  in  regaining  ita  oricinal  sliape,  wlien  relieved  from  stress.  Usuall 
v.e  are  oonoemed  with  the  elastic  roailienee,  or  that  correeponding  t 
the  stress,  s^  at  the  eUulic  limit, 

M.  Let 
tg    —  the  unit  stress  at  the  elastic  limit ; 
a     —  the  section  area  of  the  bar  ; 
Pt  "  ^  »e  ^  the  load  corresponding  to  »^ ; 
L    —  the  original  length  of  the  bar  ; 
i     —  its  stretch,  at  the  elastic  limit ; 
E   »  the  elastic  modulus. 

*In  rolled  iron  and  steel,  the  elastic  modulus  is  remarkably  constant  for  al 
i^rAdes.  In  wrought  iron,  the  elastic  limit  uepends  chiefly  upon  the  degree  o 
ri'i (action  of  cross  section  in  rolling;  the  smaller  sices  haring  the  higher  elasti 
limit.    In  steel,  this  effect  is  less  marked. 

t  See  111125,26. 

I  ill  wood,  "the  extreme  fiber  stress  at  the  true  elastic  limit  (^  26)  of  a  bean 
is  practically  identical  with  the  compressive  stress  endwise  of  the  maierini,' 
Uble,  p.  1138.  See  discussion  by  S.  T.  Noely,  in  "Timber  Physics,"  1889  U>  1898 
br  Fllibert  Roth,  Uoase  Document  No.  181,  66th  Congress,  8d  Session,  Wash 
luKton.  1899,  p.  374. 
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The  work  has  been  done  by  the  mean  lend,  P^/2  —  a  «^/2,  neting  thru 
the  cijst,  I  —  L  tJE,    Hence. 
KcstUence  -  X  -  F^ll%  -  a«^L»^/2£  -  {t//2S)aL. 

54.  Here  •^s/2  J?  ia  the 

restll«iice  — Jnlw  —  reailienee  of  a  bar  of  unit  aeetion  area  and 

unit  Igth. 
The  resilienoe  modulus  of  a  material  is  a  measure  of  its  eiq>acity  for  re- 
aiflitins  ahocks  or  blows. 

Snddenlj  applied  ImuIs. 

55.  Let  a  body,  of  weight,  W,  be  suspended  by  a  string,  and  let  it  juct 
touch  the  scale-pan  of  a  spring  balance,  without  depreasmg  it.  Now  let 
Che  string  be  cut  with  a  pair  of  scissors. 

56.  At  the  moment  of  cutting,  the  spring  has  not  been  stretched;  its 
resiating  stress,  iS,  is  therefore  sero,  and  tne  net  or  resultant  downward  force, 
acting  upon  the  body,  is  F-  »F  —  5-  W  —  0  "  W, 

57.  Under  the  action  of  this  force,  the  spring  stretches,  and  /S  increases 
proportionally  with  the  stretch.  Hence  (H^  remaining  constant)  the  re- 
sultant downward  or  accelerating  force,  F,  acting  upon  the  body,  decreases 
nntU  jS   -   IF,  when  F^W  — S^W—W^'O. 

9Hm  The  body,  having  thus  far  been  constantly  accelerated,  (by  a  dimin- 
ishing force,  F),  has  constantly  increased  its  velocity.  Let  h  —  the  height 
thru  which  it  has  now  fallen,  and  let  x  be  the  point  reached,  at  the  end  ofh, 

S9.  Beyond  x  iW  remaining  constant,  while  S  continues  to  increase), 
the  moving  body  is  acted  upon  by  a  constantly  increasing,  retarding  up- 
ward force.  — F  "  W  —  8,  which  brings  it  to  rest  at  a  second  point,  m, 
at  the  end  of  a  second  distance  —  h.     Its  totel  flill  is  therefore  2  A. 

40.  Let  S  max  —  the  max  value  of  8,  or  that  at  the  end,  «,  of  the  fall, 
2  h.  Then,  since  S  has  increased  proportionalKr  with  h.  its  mean  value, 
during  the  fall,  2  h,  was  8  max/2;  and  the  work  done,  during  the  entire 
faU,  2  A,  was  2  fF  A  -  (<S  max/2)  2  h  "  8  max  X  A.    Hence, 

»  max  -  8  W. 

41.  At  the  end,  x.  of  the  fall,  2  A(the  body,  having  come  to  rest,  is  acted 
upon  by  an  upward  force,  ^F  "  W  ^  8  max  -  IF  —  217  -  —IF;  and 
(neglecting  friction)  the  same  performance  is  now  repeated,  but  in  the  up- 
wwd  direction,  ana  so  on  indefinitely. 

48.  Bat  losses  of  sneny,  due  to  air  rsaistance  and  to  internal 
friction,  render  each  oscillation  tess  than  its  theoretical  value ;  and  the  body 
therefore  finally  comes  to  rest  at  the  point,  x,  midway  of  the  fall,  2  A. 

4S.  Thus  (1  40),  within  the  elastic  limit,  m  load,  suddenly  applied 
(tho  without  shock)  prodnees  temporarily  a  stretcli  nearly  equal 
to  twloe  tkat  wktck  it  eoald  produce  Ir  applied  frradnally ; 
i.e.,  twice  that  which  It  can  maintain  after  it  comes  to  rest;  and  develops 
temporarily,  in  the  stretched  body,  a  resisting  stress  «  twlee  the 


44.  If  tke  load  be  added  in  small  instalments,  each  ap- 
plied  suddenly,  then  each  instalment  produces  a  small  temporary  stretcn, 
and  afterward  maintaina  a  stretch  half  as  great.  Under  the  last  small 
instalment  of  load,  the  spring  stretches  temporarily  to  a  length  greater 
than  that  which  the  total  load  can  maintain,  by  an  amount  e9uarto  half  the 
imall  temporary  stretch  produced  by  the  sudden  application  of  the  last 
small  infltainienta 
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A  flcetlon  tnmj  be  wemkened  bj  Inereaslitc  i 
width.  On  pp  400,  etc.,  we  considered  the  caae  where  the  width  of  the  Im 
U  fixed  and  where  the  point  of  apniication  of  the  resultant  of  the  forces  acti: 
upon  it  is  shilted  to  dill'ereut  positions  along  the  hase.  We  will  itow  notice  t 
cttse  where  the  resultant  is  applied  at  a  constant  distance  from  one  end  of  t 
baae,  but  where  the  base  is  ot  varying  width,  so  that  this  consunt  distance  m. 
be  equal  to,  or  greater  or  less  than,  the  half  width  of  the  baae. 
Let  Fig.  E  represent  a  side  view  of  a  bar  of  uniform  thickneaa  =  1,*  but  ( 


Scale  of  Unit  PrMtvrea  for  Fig.  E. 
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Widths  (ab- 

ihown)  of  varying  width,  and  subjected  to  pressures,  the  reanltant  P  of  whl 
ii  =  1  *  and  passes  through  the  center  of  that  section  ab  whose  width  la  1.*  f 

*  We  adopt  the  value  1  for  the  pressure  P,  the  width  a  b,  and  the  thick n( 
merely  in  order  to  facilitate  the  explanation.  It  is  not  essential  to  the  appli< 
tion  of  the  principle. 

t  We  here  suppose  ourselves  dealing  with  a  perfectly  rigid  and  homogene< 
material.  In  practice,  these  values  wuuld  be  more  or  leas  modified  by  yieidi 
of  the  iMUlicles  under  stress,  by  unevenneases  in  the  surfaces  of  the  aappoi 
cross  sections,  etc  Nevertheleaa,  the  general  principles  here  laid  down  hi 
good. 
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Tlie  prearare  per  unit  of  ftres  of  eross  section  (or  "  unit  stress  ")  in  the  section 
"     1*,  and  may  be  assumed    to  be  uniformly  dis- 


ab  is  then 


afrXl""  1  ""^^ 


triboted  orer  it. 

But  at  other  sections  of  the  bar  the  resultant  is  nearer  to  one  edge  than  to  the 
other,  and  the  unit  stress  can  then  no  longer  be  assumed  to  be  uniformly  dis- 
tributfld  oTer  the  cross  section,  but,  as  explained  on  pp.  400  to  403  is  a  niaz- 
Smum  at  the  edge  nearest  to  the  resultant,  and  diminishes  gradually  and  uni- 
fonnly    to  a  minimum  at  the  farther  edge. 

This  is  indicated  by  the  shaded  triangles,  etc.,  fn  Fig.  E  and  by  the  curves  in 
Fig.  F,  which  show,  for  the  several  sections  in  Fig.  E,  the  mean  unit  stress* 
and  the  unit  stresses  at  the  upper  and  lower  edges  respectively,  calculated  by  the 
rules  on  pp.  401-^404. 

These  stresses  are  also  given  in  the  following  table: 


Unit 


In  Fiir*  E ;  the  unit  stress    -  in  section  a  6  being  taken  as  l.f 


SeeUon. 

Width. 

Stress  per  unit  of  area  of  cross  section. 

Mean. 

At  lower  edge  me. 

At  upper  edge  n/. 

ef 

ed 

ab 

mnf 

4.00 
8.00 
2JS0 
2.00 
1.50 
1.25 
1.00 
0.75 
0.50 
0.25 

0.25 
0.50 
1.00 
4.00 

0.8126 
l.UO 
1.12 
1.25 

\% 

1.00 
0 

—  *$ 

—  32:: 

—  0.3125 1 

=  ^2 

—  0.26 

0 

0.82 

1.00 

40.00 

It  to  toBBOrtant  to  notlee  that  for  a  given  force  P,  and  for  widths  leas 
ISO  Zabf  the  strongest  section  of  this  bar  is  not  the  toideH  onCf  but  that  (a  h)  at 
hich  the  resultant  P  passes  through  the  center  of  the  section.  In  other  words, 


than  Zab, 

which  the  .  .,  , 

s  bflir  naaj  be  weakened  by  additioiM  to  Its  eroes  seellon  if 

those  additions  are  such  as  to  cause  the  resultant  of  the  pressures  to  pass  else- 
where than  through  the  center  of  any  cross  section.  This  fact  is  entirely  inde- 
pendent of  the  weight  of  the  added  portion. . 

Among  the  sections  wider  than  afr,  the  weakest  is  that  {c<f)  whose  width 
is  as  1.5 ad.    At  that  section  the  lower  edge  me  has  its  maximum  unit  stress 

(» 1/^X ~t)  while  at  d  in  the  upper  edge  there  is  no  pressure.    Beyond  ed 

ue  upper  edge  »/ is  in  lauionX  and  the  unit  prenure  along  me  decreases,  be- 

P 
eomiog  again  »  — -  at  e/,  where  the  width  e/  is  »  8  afr,  and  decreasing  still 

fhrther  with  farther  increase  in  width. 


*  In  the  case  discussed  on  pp.  400  to  408,       the  mean  pressure  un"--, 

remained  constant  so  long  as  the  entire  surface  u  o  was  called  into  play.  Here, 
on  the  contrary,  the  area  of  the  section  varies.  Hence  the  mean  unit  pressure 
varies  also,  and  Inversely  as  the  area. 

fSee  foot-note  *,  p.  462. 

X  In  the  present  discussion,  as  well  as  in  that  on  pp.  400  to  403,  we  htve 
assumed  eases  of  conipretsioti  for  illustration,  but  the  principle  involved  applies 
equally  to  cases  where  the  force  applied  is  tetuUe.  In  such  cases,  however,  the 
terms  **  pressure  "  and  *'  tension  "  are  of  course  reversed. 

t  The  unit  stresses  at  the  edges  in  section  <  J;  are  too  great  to  be  shown  con- 
veniently in  either  figure ;  while  those  in  section  m  n  (as  the  table  shows)  lar 

exceed  the  limits  of  the  figures.    The  pressure  at  k  would  be  —  »  oc  (infinity) 

were  it  not  for  the  tensions  in  the  lower  part  of  the  section. 
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When  the  width  becomes  ieu  than  that  at  a  b,  as  at  ^  A,  etc.,  the  v^per  edge  of 
the  bar  comes  Dearer  to  the  resultant  than  the  lower  edge,  and  hence  receires 
the  maximum  pressure. 

When  the  width  =  ^a6,  as  at  17^,  the  distanoe  of  the  resultant  from  the 
v.pper  edge  is  ^  the  width  of  the  section.    The  pressure  at  the  lower  edge  ia 


P       1 

then»0;  the  mean  preesure  in  ^  A  is  — r  X  r^ - 

a  0      0.75 


'  ^14  X  — ;  ,and  the  pressure  at 


the  upper  edge  is  twice  the  mean  pressure  in  ^  A,  or  2^  X  — r. 

When  the  width  becomes  less  than  ^  a  b,  as  at  <  ik  and  m  %  the  pressure  at  th« 
lower  edge  m  0  becomes  negatire  or  tensile.*  Thus,  when,  as  at  <ib,  the  width 
iM^a^ab,  and  the  resultant  passes  through  the  upper  edge,  the  unit  presaars 

at  that  edge  is  =  8  x  -  .' ,  while  the  lower  edge  sustains  a  imtUm  of  4  X  -  z  \  and, 

as  the  section  is  fiirther  reduced,  these  stresses  are  still  further  and  rery  rapidlj 
increased. 

The  condition  of  those  sections  (such  as  mn)  where  the  line  of  the  resultant 
passes  outside  the  section,  is  similar  to  that  of  the  section  i»  n  of  a  bent  hook 
sustaining  a  load,  as  in  Fig.  O. 


--U 


F1«.0. 


Fiff.H. 


Messrs.  William  Sellers  A  Co.,  of  Philadelphia,  had  occasion  to  test  a  number 
of  cast-iron  beams,  each  baring  a  large  circular  opening,  as  in  the  annexed 
Affure.  These  beams  broke,  not  at  the  smallest  section  directly  under  the  center 
of  the  opening,  but  a  little  to  one  side,  where  the  section  was  deeper,  as  indicated 
in  Fig.  H.. 
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care  the  giren  piece  within  a  skcrt  time.    But  Wfthler's  and  SpangenbeiY's 
leriBiento   ahov  that  a  pieee  may  be  ruptured  '     " 


'IfttiCve  •f  Mtttertols.  In  the  following  artidcs  on  Strength  of  Mate- 
b,  the  ultimate  or  breaking  load  ia  that  which  will,  during  iu  flrst  appHcatio  ii, 
.^_  ^ . M^^^ .._.._-     «  .  'Vfihler's  and  Spangenber  " 

,  by  repeaiea  appllc- 

las  at  a  load  much  Utt  than  thia;  and  that  the  oflener  the  load  is  applied  the 
it  needs  to  be  in  order  to  produce  rupture.  Thus,  wrought  iron  which  r«s 
red  a  tension  of  53000  lbs  per  so  inch  to  break  it  in  800  applications,  broke 
b  3SO00  lbs  per  sq  inch  applied  about  10  million  times ;  the  stress,  after  eaclt 
tteation,  returning  to  aero  in  both  cases. 

be  tf(^ between  the  maximum  and  minimum  tenaion  in  a  piece  subjected  to 
lion  only,  or  between  the  max  and  min  compression  in  a  piece  subjected  t^ 
tp  onlT ;  or  the  turn  of  the  max  tension  and  max  comp  in  a  piece  subjectt'd 
mateiT  to  tension  and  oomp ;  is  called  the  ranffe  of  streMi  in  the  piec«v 
saes  alternating  between  0  and  any  point  within  the  elastic  Hmit  may  b« 
sated  many  million  times  without  producing  rupture.* 
or  a  glTen  number  of  applications,  the  load  required  for  rapture  ia  least  when 
range  of  stress  ia  greatest.  If  the  stress  is  alternately  comp  and  tensioDf 
ture  takes  place  more  readllr  than  if  it  is  always  comp  or  always  tension. 
t  is,  it  Ukes  place  with  a  less  ran^  of  stress  applied  a  given  number  of 
ia,  or  with  a  less  number  of  applications  of  a  given  range  of  stress.  For  m 
n  raoge  of  stress  and  given  number  of  applications,  the  most  unfavorable 
litionls  where  the  tension  and  comp  are  equaL 

le  fhtigne  of  materiab  is  taken  into  consideration  in  designing  members  of 
»rtant  structures  subject  to  moving  loads.    See  Truss  Specifications,  pp  760, 

cperlmenta  show  that  materiala  may  fail  under  a  lenig  eonttnn^ 
mam  of  moeh  leaa  intenalty  than  that  produced  by  the  ult  or  bkg  load. 

This  does  not  always  bold  in  eases  whera  the  elssCie  limit  has  been  artlflclally  raised 
irocMW  of  mannfsfjqre,  etc  Oft- repeated  alternations  between  tension  and  eomprti* 
below  such  a  limit  reduce  it  to  the  Dstursl  one.  A  slight  flaw  may  cause  ruptar* 
er  eomparativelv  few  applications  of  a  range  of  stress  but  little  greater,  or  even  leiM, 
I  the  elastie  limit.  Seat  between  stresses  Incressei  the  resisting  power  of  a  piece, 
aany  eases,  stresses  a  little  beyond  the  elastie  limit,  even  if  oft- repeated,  raise  that 
t  and  the  strength,  but  render  the  piece  brittle  and  thus  more  liable  to  rupture  from 
^ks ;  and  a  little  further  increase  or  stress  rapidly  lessens,  or  may  entirely  destroy, 
slastldtv.  A  teimle  stress  above  the  elastic  limit  greatly  lowers,  or  may  even  destroy, 
tcmipreatiiee  elasticity,  snd  vice  versa.  If  a  tensile  stress,  by  stretching  a  piece,  reductw 
esuting  area,  it  may  thus  reduce  its  total  strength,  even  though  the  strenffth  per 
.  has  Increased.  Mr.  B.  Baker  finds  that  hard  steel  iktigues  much  flwter  under  re* 
ed  loads  than  soft  steel  or  Iron. 


Iti 
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TRAHBTEBSE  STRENGTH. 

1.  In  Statics.  W  285.  etc..  we  disciue  the  action  of  external  or  dcstru 
live  forces  upon  cantilevers,  beams  and  trusses.  We  here  discuss  the  rea 
tion  of  the  internal  or  resistini^  forces  (stresses)  in  solid  cantilevers  ax 
beams,  in  order  to  determine  their  loads.     See  also  ^  104,  etc. 

2.  Unless  otherwise  stated  or  apparent,  we  assume  that  the  stresses  is  s 
parts  of  the  cantilever  or  beam  are  within  the  elastic  limit. 

Condltlonfl  of  Eqaliibrlain. 

3m  For  eouilibrium,  the  internal  forces,  and  their  moments,  must  balanc 
the  external  forces  and  their  moments.  In  other  words,  if  the  cantilever  c 
beam  be  supposed  cut  by  a  section  at  any  point,  we  must  have 

vertical  forces  =  0 
horizontal  forces  =  0 
moments  =  0 

Or: 

(1)  Algebraic  sum  of  the  internal  vertical  Mtreuet  ^  algebraic  sum  of  th 
external  vertical  foreea  on  either  side  of  the  section ; 

(2)  Sum  of  horixontal  tensiU  stresses  —  sum  of  horisontal  compresstt 
stresses;  and 

(3)  Algebraic  sum  of  the  moments  of  the  internal  »tre$9e9  «  algebrai 
sum  of  moments  of  external  forc€$  on  either  side  of  the  section. 

4.  Cantilevers  and  beams  of  uniform  cross-section  have  usually  a  supei 
abundance  of  strength   against  shearing,  and  fail   (if  at   all) 

where  the  bending  moment  is  greatest.  Hence  the  discussion  o 
their  resistance  turns  principally  upon  equilibrium  of  momenta.  For  thei 
resistance  to  vertical  shear,  see  Statics.  ^^  325,  etc.,  and  p.  499.  See  als4 
Horisontal  Shear,  ^i  51  to  53,  below. 


ff.  For  equilibrium,  therefore,  the  lesiBting moment.  R  («  the  sum  of  the 
foisting  moments,  r,  of  all  the  particles  in  any  cross-section  of  the  canti< 
lever  or  beam.  Fig.  1  or  2),  must  be  equal  to  the  bending  moment.  M.  or  alge< 
hraic  sum  of  the  moments  of  all  the  external  forces  on  either  side  of  Ui€ 


Reactions  of  Fibers. 

6.  In  a  trust  or  framed  beam  (see  Trusses)  the  resistance  of  each  of  its 
two  chords  is  regarded  as  acting  in  a  line  passing  through  the  centers  of  grav- 
ity of  the  cross-sections  of  the  chord;  but.  in  a  solid  cantilever.  Fig.  1.  or 
beam.  Fig.  2.  the  total  resisting  moment  is  the  sum  of  the  separate  resisting 
moments  of  the  several  fibers  throughout  the  cross-section. 

Neutral  Surface.    Neutral  Axis. 

7.  When  a  cantilever  (or  beam)  bends,  the  fibers  in  the  upper  (or  lower) 
part  of  each  cross-section  are  extended,  while  those  in  the  lower  (o«-  upper) 
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part  I 
being 


are  eompnflmd  (see  Figs.  1  and  2);  the  extenrion  and  eomprenlon 
J  sreatest  at  the  top  and  bottom  of  the  section,  and  thenoe  deoreaaing 
unifonnly  inward  toward  a  surface,  n  n.  Figs,  (a),  near  the  center  of  the 
croBB  ecction.  In  this  surfaoe,  which  is  called  the  neutral  surface»  the 
fibers  are  neither  extended  nor  compreased.  The  line,  o  o.  Figs.  (6),  formed 
by  the  intersection  of  the  neutral  surface  with  any  crono  section  of  the  oanti- 
lever  or  beam,  is  called  the  neutral  axis  of  that  sectioc. 

8.  In  order  that  the  algebraic  sum  of  all  the  horisontal  stresses  in  the 
crown  oection  may  be  aerob  as  required  for  equilibrium,  the  neutral  axis  must 
pass  through  the  center  of  gravity  of  the  section.  Hence,  the  neutral  sur« 
faoe  pansen  through  the  centers  of  gravity  of  all  the  cross-sections. 


9.  The  neutral  axis  may  be  found  by  balancing  the  section  (cut  out  of 
cardboard)  over  a  knife-edge.  Or  see  Center  of  Gravity,  under  Statics,  H  Y 
125b  etc  Every  section  has  an  indefinite  number  of  neutral  axesLsll  passing 
through  its  center  of  giarity  in  as  many  different  directions.  The  axis  re- 
quired, in4uiy  given  oase^  is  that  one  which  is  normal  to  the  plane  of  the 
bending  moment  under  eonsideration. 

In  the  following  discussion,  we  assume  that  the  neutral  axis  of  the  sec- 
tioQ  is  normal  to  the  line  of  action  (usually  vertical)  of  the  load,  as  it  gen* 
erally  ie.  For  other  cases,  as,  for  instance,  the  ease  of  roof  purlins,  see 
'^The  Determination  of  Unit  Stresses  in  the  General  Case  of  Flexure,"  by 
Vrol.  L.  J.  Johnson,  Boston  Soe.  of  Civil  Engineers,  in  Jour.  Ass'n  of 
Eng'ng  Boos.,  vol.  xxvni.  No.  5,  May,  190Z 

Keslsting  Moment.    Unit  Stress. 

10.  It  is  assumed  that  the  extension  or  compression  of  each  fiber,  and 
therefore  the  resisting  force  actually  exerted  by  it,  is  proportional  to  its 
vertical  distance,  t,  above  or  below  the  neutral  axis. 


In  Fig.  3,  lei 

T  «  the  distance  from  the  neutral  axis,  oo,  to  the  fiber  farthest  from 

that  axis,  either  above  or  below  the  axis; 
8  «  the  unit  stress  in  said  farthest  fiber; 
t  «  the  distance  from  the  neutral  axis  to  any  given  fiber; 
«  "  the  unit  stress  in  said  given  fiber; 
a  ■"  the  area  of  said  given  fiber; 
F  «  the  total  stress  in  said  given  fiber; 

r  -•  the  resisting  moment  of  said  given  fiber  about  the  neutral  axis; 
M  «  bending  moment  at  the  cross-section  under  consideration; 
R  «  the  resisting  moment  of  the  entire  cross-section ; 

-■  S  r  «"  the  sum  of  the  resisting  moments  of  all  the  fibers ; 
I   -i  the  moment  of  inertia  of  the  cross-section.    See  \\  14,  etc.; 
«  2 1*  a  —  the  sum,  for  all  the  fibers,  of  fi  a; 
I        R 


X  «  the  section  modulus,  *  7p  ~ 


S* 


See  HY  25,  etc. 
t 


Then  the  unit  stress,  in  any  s^ven  fiber,  is  •-  «  •-  S  ^-;  ita  total  stress^ 

F.  is->a«  —  Sa7s;  and  its  resisting  moment,  r.  is  —  F  <  «  S  a  •=.    Hence*  I 
ttis  resisting  moment,  R,  of  the  entire  section,  is 

R  -  M  -  ar-  SSa-^  -    ®  S  <«  a  -  ^.L 
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T  -  SI/M. 


Hcncc«lflo.S  -  MT/I;      I  -  MT/S  -  TX; 
Since  S/s  -  T/t,  wohaveS/T  -  s/t,  and 

R  -  M  -  SI/T  -  sl/t  -  SX. 

In  bf^ams  of  rectani^ilt^r  section  (p  469),  of  breadth,  B,  and  depth,  D, 
wehiivel   -  BD»/12;     and  T  -  D/2.     Heooe, 

S  -   12MT/BD*  -  6M/BD2;     and 

R-M-SBD»/12T-  SBI>»/6. 

W>i<?ti  beams  are  tested  to  dettrucHon,  the  value  attained  by  8  is  ealled 
the  Rupture  modulus,  or  modulus  of  rupture. 

11.  It  will  be  noticed  that  the  strengths  of  similar  beams  of  any  shape. 
ami  t]io8«  of  rectangular  beams,  whether  similar  or  not,  are  directly  propor- 
tion h  I  to  the  product,  width  X  square  of  depth.     See  %  63. 

t  ^.  When  the  strera,  8.  upon  the  extreme  fibers,  is  -■  the  elastic  limit  of 
the  material,  failure  is  imminent.  The  pemussible  unit  stress  is  usually 
Ukken  as  not  more  than  half  the  elastic  limit,  and  the  safe  load  is  that  under 
which  8  does  not  exceed  the  permissible  tmit  stress. 

13.  Tlie  same  quantit]^  of  material  that  composes  a  solid  beam.  Fig.  2. 
wofild  present  greater  resistance  to  bending  or  breaking  if  it  were  cut  in  two 
lengthwise  along  the  neutral  surface,  n  n,  and  converted  into  top  and  bot- 
tom chords  of  a  truss;  because,  first,  the  leveraoe  with  which  the  resistance 
act .4  is  thus  greatly  increased;  and,  second,  the  depths  of  the  chords  are  so 
.xrnall,  compared  with  their  distances  from  the  neutral  axis,  that  their  fibers 
luny  L»e  assumed  to  act  unitedly  and  equally.  Hence,  practically,  aU  the 
fibf^ra  in  the  upper  chord  must  be  crushed,  or  ail  thoee  m  the  lower  pulled 
apart,  at  the  tame  inetant,  before  the  truss  can  give  way;  whereas,  in  the  solid 
b^am,  the  extreme  upper  or  lower  fibers  yield  first;  then  thoee  next  to  them, 
and  3o  on,  one  after  the  other. 

Moment  of  Inertia. 

1  U  Unlike  the  moment  of  a  force,  which  is  the  product  of  a  force  and  a 
>1;  r  ^1  .^f",  the  moment  of  inertia,  being  the  sum  of  the  products  of  areas  of 
j>h  r  by  the  squares  of  their  distances  from  the  neutral  axis,  is  a  purely 
f!r,.fo^triral  quantity.  Thus,  the  moment  of  inertia  of  a  ^\'en  section  de- 
pone b  solely  upon  the  dimensions  and  shape  of  that  section,  and  is  inde- 
jierid^nt  of  the  material  and  the  span  of  the  beam  and  of  the  manner  in 
wh  Lch  it  is  supported  or  loaded. 

Unit  of  Moment  of  Inertia.     The  moment  of  inertia  of  a  figure 

be  ilia  the  product  of  an  area  by  the  square  of  a  distance,  its  unit  is  the 

f  .-r 'h  riower  of  a  unit  of  length.    Thus,  in  a  rectangle  3  ins.  wide  and  4 

,       b  d^       3  X  64        192       ,-  ,  .        J     ,.    .     ,  ,.  .     w 

*  P,  I  =    j^-  =«  — .^ —  ■■  -j^  =  16  biquadratic  inches  —  16  inch*. 

In  a  rectangle  1  inch  wide  and  6  ins.  deep,  I  =  —  ^ —  ■•18  inch^. 

15.  Comparing  similar  sections  of  any  shape,  their  moments  of  inertia 
tkm  jiroportional  to  the  product,  breadth  X  cube  of  depth.     Compare  111. 

l(l«  The  following  Illustrated  table,  pp.  469-471,  gives,  for  several 
^gurex  of  frequent  occurrence, 

(1)1    «  the  moment  of  inertia  —  Ifia; 

(2)  T    —  the  disUnce  from  the  neutral  axis  to  the  farthest  fiber; 

(3)  X  —  the  section  modulus  —  >«  —  ■  ,-     —  ^  "  a  I 

1  ^  8        8 

(1)   \    —  the  area  of  the  cross-section. 

17*  Ttx  sections  where  the  distance  from  the  neutral  axis  to  the  lowar- 
.  mo^t  Tiber,  and  the  comsponding  section  modulus,  differ  from  those  (T 
Vnd  X)  pertaining  to  the  uppermost  fiber,  those  corresponding  to  the 
lowermost  fiber  are  distinguished  as  T'  and  X'  resxMotively. 

1 8.  In  each  figure  the  neutral  axis  is  indicated  by  a  horisontal  lino 
'crufidiiig  the  section. 
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19.  The  moment  of  inertia  of  any  figure,  about  its  neutral  aads,  is  the  siifli 
of  the  moments  of  inertia  of  its  eeverafparts,  about  that  same  axis. 

20.  Let  I  —  the  moment  of  inertia  of  the  entire  figure  about  its  neutral 

axis*  o  o; 
%  «  the  moment  of  inertia  of  any  part,  about  tlie  neutral  Axis^ 

o  <^  of  the  entire  figure; 
m  «  the  moment  of  inertia  of  that  part,  about  its  own  neatzal 

axis; 
a  ■"  tlie  area  of  tliat  part; 
I  —  tlie  distanoe  of  its  center  of  grntity  from  tlie  neutral  mxiib 

o  o,  of  the  entire  figure. 

Then  I  —  2t;  andi  -  m  -^aifi. 

81.  Thus,  in  Fig.  4^  ^  __ 

BD* 


Mid     1-^+^ 


^-^  +  6d«.«; 


% 


c 


:::i 


Fiff.  4. 


Flff.5. 


22«  Hence,  in  any  hollow  section,  as  in  the  hollow  rectangle.  Fig.  fi,  lei 
I'  «  the  moment  of  inertia  of  the  whole  figure  (including  both  the  shaded 
and  the  unshaded  rectangles),  i  —  that  of  the  missing  or  unshaded  reotanglflk 
and  I  —  that  of  the  shaded  portion^  all  xeferred  to  the  neutral  axisy  o  e^  of 
tbe«Aa<20d portion.    ThenI  —  I'  —  %. 


Fl«.  «. 

S3*  In  the  case  of  an  irregular  section,  as  Fig.  0,  let  tlie  section  be  divided 
to  numerous  strips,  parallel  to  the  neutral  axis  and  narrow  enooi^  to  bs 
nsidered  as  raotangular:  and  proceed  as  in  ^^  19  to  21. 
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24.  The  narrower  the  stripe  are  taken,  the  less  m  becomes.     If  the  strip 
e  taken  s 
egieeted, 
v^th. 


24.  The  narrower  the  stripe  are  taken,  the  less  m  becomes.  If  the  strips 
be  taken  so  narrow  (relatively  to  the  dmth  of  the  section)  that  m  may  oe 
negieeted,  then  I  —  S  i'  a,  as  in  ^  10.     The  strips  need  not  be  of  uniform 


The  Section  Modulus. 

g 

25.  Heflnltlon.     If  the  resisting  moment,  R  -^  f^.Xfi  a,he  divided 

by  the  imit  stress,  S,  in  the  extreme  fibers,  the  quotient,  X  —  -q   ■=»  — ;„ — 

B  .1 

»  =r.  is  called  the  Section  Modulus.     This,  like  the  moment  of  inertia,  tt 

14,  etc.,  is  a  purelv  geometrical  quantity,  depending  solely  upon  the  dimen- 
sions and  shape  of  the  section,  and  being  independent  of  the  material,  of  the 
spaa,  and  of  the  manner  of  loading. 

26.  Havini^  the  section  modulus^  X,  we  have  only  to  multiply  it  by  the 
unit  stress,  S,  in  the  extreme  fibers,  in  order  to  obtain  the  resistmg  moment, 
R;   or  R  -  1^  X. 

27.  Multiplying  the  section  modtilus,  X,  by  the  distance,  T,  from  the 
neutral  aads  to  the  farthest  fibers,  we  obtain  the  moment  of  inertia,  I;  or, 
I  -TX. 

•  28*  The  section  modtilus  is  usually  i^ven  in  tables  of  rolled  beams,  chan- 
nels and  shapes*     See  tables  of  Carnegie  Beams,  etc. 

Loading^*    Strength. 

29.  The  following  Illustrated  table  gives  (1)  the  max  moment,  M, 
corresponding  to  a  given  load,  W;  and  (2)  the  load,  W,*  corresponding  to  a 
given  unit  stress,  S,  for  different  conditions  of  support  and  of  loading.  In 
this  table, 

M  -"  maximum  bending  moment: 

R  «*  M  »  resisting  moment  of  cross  section; 

W  —  the  total  extraneous  load*  on  the  beam,  whether  concentrated 

at  one  point  (as  shown)  or  imiformly  distributed  over  the  span  ; 
I    -i  the  span  ; 
8    —  the  unit  stress,  in  the  fibers  farthest  from  the  neutral  axis,  due  to 

the  extraneous  load,  W;  * 
T   "  the  distance  from  the  neutral  axis  to  the  farthest  fibers ; 
I    •-  the  moment  of  inertia. 

In  rectangular  beams, 
h    -  breadth; 
d    —  depth; 

I    —  moment  of  inertia  —  ~\o''* 

Wl 
**    "  S6«P' 

Of  the  two  diagrams  under  each  loading,  the  first  represents  the  mo- 
menta, and  the  second  the  shears,  in  the  several  parts  of  the  span. 

30.  If  S  »  the  permissible  unit  fiber  streas.then,  in  the  foregoing  formulas, 
W  -"  the  permissible  extraneous  load.* 

31.  It  will  be  noticed  that  the  strengths  of  similar  beams  are  proportional 

to  their  values  of  — v—  ;  i.  e.,  the  strengths  of  beams  of  similar  cross-sections 

are  directly  proportional  to  their  breadths  and  to  the  squares  of  their  depths, 
and  inversely  proportional  to  their  spans. 

♦The  beam  is  here  supposed  to  be  without  wei^il^^  b^(5?)^ (?**'• 
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For  symbolu,  see 

opposite  page. 
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Symbols  in  Table  Opposite. 

M  ■■  maximum  bendiniK  moment ; 
R  a-   M  —  resisting  moment  of  cross  section  ; 
S  -"  unit  stress,  due  to  W.  in  the  extreme  fibers ; 
T  -•  distance  from  the  neutral  axis  to  the  extreme  fibers ; 
I  «-   moment  of  inertia ; 
W  —  load ;  I  —  span. 

In  rect-anerular )         6  —  breadth  ;  W  /  ^ 

beams,       j        d  —  depth ;  ^       Q  bcP' 


W  -nS 


bd» 


Beam  1  Inch  Square,  1  Foot  Span. 
K2.  In  a  beam,  1  inch  square  and  1  foot  (12  inches)  sx>an,  supported  a1 
h  ends,  we  have,  for  the  extraneoua  center  load :  * 

I3«  For  any  other  rectangular  beam,  let  L  *-  the  span  in  feet.  Then  the 
raneous  center  load,*  W,  required  to  produce  the  same  unit  stress,  S,  in 
'  extreme  fibers,  is 

(4.  Thus,  for  yellow  pine,  let  B  ■■  the  permissible  unit  stress  — 

1620  Ibe.  per  sq.  in.    Then,  for  a  beam  1  inch  square, 
cwt  spanj  supported  at  both  ends  and  loaded  at  center,  the  permissible 

^         12       18         18        ^  "*•• 
L  for  a  jdst,  3  X  12  ins.,  20  ft.  span;  the  permiadble  extraneous  *  eentet 

W- W'^-90X^-^^-  1944 lbs.; 

d  the  permissible  extraneous  uniform  load  is  =>  2  W  «»  2  X  1944  -^  3888 

35.  If  the  load,  W.  the  span,  L,  and  the  coefficient,  W,  are  given,  we 

W  L  ■»        » 

iro  6  <f3  =  ~W^*  "^^^^f  ^  ^^  ^'''^  ^  ^^  yellow  pine  joist,  mentione«i' 
%  34,  of  20  ft  span,  with  a  uniform  extraneous  *  load,  where  2  W  — 
<  1944  =  3888  lbs.,  we  have  bd*  =  ^^  =  ^^^  ^  '"  ^2. 

16.  Then,  if  either  &  or  d  is  given,  the  other  is  easily  found.  If  not, 
ign.  CO  either  of  them,  an  arbitrary  value.     Thus,  if  &  =»  6,  we  have  d*  => 

-  =-  72;  and  d  =  1^72  =-  say  81.    With  6  =  3,  d»  =  144,  and  d  =  12. 

)?•  With  the  slide  rule,  in  the  foregoing  example,  place  the  runner  at  432, 
1,  assuming  6^0,  place  1  (or  10)  on  the  shde,  opposite  6  on  the  rule, 
en«  in  the  scale  of  square  roots,  on  the  slide,  opposite  432  on  the  rule,  will 
found  848  and  268.  The  former  of  these  represents  the  desired  root,  and 
take  8.5  as  a  sufficient  approximation. 

18.  If  the  relation.  S  *-  18  W,  held  beyond  the  elastic  limit,  and  if  W  - 
(  center  hreaking  load,  in  tbs.,  on  a  beam  of  any  material,  1  inch  square, 
b.  span,  supported  at  each  end ;  then,  for  any  other  beam  of  the  same  mate- 
U  and  of  Drra&dth  b  ins.,  depth  d  ins.,  and  span  L  ft.,  the  center  breakina 

dwouldbeW-W'^. 

i9.  Notwithstanding  the  defective  basir  of  this  method,  as  applied  to 
da  beyond  the  elastic  limit,  its  simplicity  renders  it  very  convenient,  and 
s  mucn  in  use.  See  the  following  table  of  values  of  W\  and  example,  H  40. 


( 


*  The  beam  is  here  supposed  to  be  without  weight. 
Eun  itself,  see  YY  42,  etc. 


For  the  weight  of  the 
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Center  Breaking  Lioads,  W'»  In  Pouniis,  for  Beams  1  Incli 
Square,  1  Foot  Span.  Supported  at  Each  End. 


^^m                                          WOODS. 

W 

but  at  about  the  arerage  of  2250 
Ibe  its  eUa  limit  is  reaped 

W 

^^r              ^t^  English N 

850 

II                  "    Amer  White  (Author).    P 

650 

II                  «    Swamp ^     ^ 

400 

destroyed  by  SOOO  to  7000.. 

6000 

11                  **    Black 9 

m^             A  rtxtr  rua^  Amer 5 

^H            J^cfifam,  Canada. fr 

■     ^IfA.       ^S 

^                "      Amer            «...,« £ 

600 

Under  heavy  loads  hard  steel 

2fiO 

snaps  like  cast  Iron,  and   soft 
steel  bends  like  wrought  iron. 

8d0 

850 

Biri:h,  Amer  Black J;  J 

nONBfl,  KTC 

650 

Blue  ttonejiaffffing,  Hudson  River 

125 

*'      Amer  Yellow §  B 

Oiar,  Bermuda »*« 

860 

Brick,  common,  10  to  Sa Average 

20 

400 

"      Amer  White, )  ff^ 

or  Arbor  Vit» J"  ^ 

rAe*^»ii< 3  8 

Efm,  Amer  White ©  ^ 

600 

60 otverage 

40 

250 

Qun  Stone « 

86 

450 

850 

-    Rock,  Canada ST  8 

i/^nii«* |-g- 

80O 

600 

//ictory,  Amer.. .                    a  « 
"    BItternut.....  g-l 

800 

800 

600 

/--cwit f^5 

700 

LHmum  Vitx *   * 

650 

Concrete,  see  article  on  Con- 
crete. 

Larch £ 

400 

Mahogany 3. 

750 

JWai^ow,  White ,- 

"          Black... 1 

-Vfifi^,  Black J* 

650 

650 

750 

-      Soft ff 

750 

0.ik\  English 

650 
600 

•*    Amer  White   (by  Author). 

"       "      Red,  Black,  Basket... 

850 

■*    Live 

600 

f»V,  Aiuor  White.. .(by  Author). 

450 

**       "      Yirtlow    ••         " 

500 

OronOs,  60  to  150 otvenge 

100 

'*       "      Pilch       "        "      . 

550 

"      Quincy 

100 

"    Oeorpla 

850 

CfUus,  Milhrille,  N.  Jersey,  thick 

/''ll^l^ ,...,     

650 

flooring  ....(by  Author). 

Mortar^  of  lime  alone,  60  davs  old 

**      1  measure  of  slacked  lime 

170 

rm 

700 

10 

^rru^ (Iw  Author). 

450 

-      Black :. 

650 

8 

S^iffimnrf. 

600 

**      1  measure  of  slacked  lime 

T  'tiarack „... 

400 

in  powder,  2  sand  

Marble,  Italian,  White  (Author) 

7 

;  ilk 

750 

116 

Wdnut 

650 

"  Manchester,  Vt,  "           " 
"  East  Dorset,  Vt,  " 
«  Lee,  Ma8^            -           • 
"  Montg'yOo,Pa,Orav     " 
"      "         "     Clouded      " 
"  Rutland, Vt,  Gray           " 
«  Glenn'sFallfl.N.Y31ack  - 

95 

Witinvo 

860 

111 

86 

^1                                            KBTALS. 

103 

V                  Hrais 

850 
2100 

142 

M                hin^  cast,  VMO  to  27 00.... average 

70 

^M                          "    common  pig 

2000 

155 

^H                   "■       **    castings  from  pie 

2300 

**  BalUmore,  Md,  white. 

■i                  **       **    employed    in  our  ta- 

coarse " 

102 

ill                                    bles.' 

2025 

Oolite  20  to  50 

35 

\1L^              *       "    for  castinn  2U  or  8 

Sandstanet,  20  to  70 average 

45 

8^^                          ins  thick 

1800  f 

Red  of  Connecticut  and 

H^Hk      /rtm,  wrought,  1900  to  2800 av 

■^■B         Wrought  iron  does  not  brfak; 

2250 

New  Jersey 

45 

Slat^  laid  on  iU  bed,  2<K)  to  460,  av 

325 
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40.  Ez»mple«    In  the  yellow  pine  joist  of  If  34  and  36,  3  X  12  ine^ 
K>  ft.  span,  we  have,  from  the  table,  W  -  say  500  tba.     Hence 
Center  breaking  load •  W  -  W'^  -  500  X  3^X  144  ^  ^^^^  ^^  ^ 

ibout  5Ji  times  the  pennissible  load,  found,  by  means  of  the  permiasible  unit 
treaa.m  Y  34. 


4U 


ibrsm  W 


W-»S 


6di 


-  W 


Bnadth 


Depth       —  d  - 


rwj_        fwi 

An  S  6  "    \W^'' 

*  eztnneous  load  *  required; 

i-  extraneous  load  oo  beam  1  ineh  square,  1  ft.  spaa) 

■■  unit  fiber  stress; 


—  span  in  feet. 


ITelffht  of  Beam  Considered  as  Load. 

43.  For  simplieity  we  have  hitherto  rsoarded  our  cantileren  and  beam« 

18  haTine  no  weight  of  their  own ;  and,  in  beams  of  the  moderate  dimensions 

comparison 
in  largf^r 

„ as  above, 

irith  S  "■  greatest  permissible  unit  stress,  must  then  be  regarded  as  including 
Qot  only  the  extraneous  load.  W,  but  also  the  weight,  w,  of  the  beam  itself, 
for  a  length  ■■  span. 

43.  If  the  beam  is  prismatic — t.  e^  of  uniform  croes-eeotion, — its  weight, 
EC,  acts  as  a  uniformly  distributed  load,  and  we  have,  for  the  extraneous  load. 
W.  in  the  case  of  a  concentrated  center  load  on  a  b^m,  or  of  a  concentrated 
load  at  the  end  of  the  span,  2,  in  cantilevers. 


in  thee 


W  -whole  load— ^2 


of  a  uniform  load, 

W  -  whole  load  —  w. 

44.  In  finding  the  breadth  or  the  depth  of  a  rectan^ar  beam, 
required  to  earry  a  given  load  with  a  given  span  and  given  unit  stress,  we 
oi&y  provide  for  the  weigjit  by  successive  approximations.    Thus, 

45<  To  find  the  breadth,  6,  required  for  a  beam  of  given  depth,  d. 
Neglecting  the  weight,  w,  of  the  beam,  find  the  first  approximate  breadth,  b, 
by  the  formulas  in  ^  41,  for  the  extraneous  load,  W,  Next,  calculate  the 
weight,  10,  of  a  beam  with  width,  6,  treat  said  weight  as  a  uniform  load;  and, 
by  the  same  formulas,  find  the  additional  breadtn.  y,  required  to  carry  this 
additional  load,  w.  Then  6  +  fr'  -■  a  second  approximate  breadth.  If  nee 
essary,  find  the  weight,  tc',  of  a  beam  of  breadth,  t/^  and,  from  this,  a  second 
additional  breadth,  6",  required  to  carry  it.  Then  b  +  V  +  b"  »  a  third 
approximate  breadth,  and  so  on. 

46*  To  find  the  depth,  d,  required  for  a  beam  of  given  breadth,  b; 
find  a  first  approximate  depth,  d,  by  the  formula,  %  41,  for  the  extraneous 
load,  W.     find  the  weight,  v,  of  a  beam  of  that  depth;  and  again  apply  the 

formula,  using  (in  place  of  W)  W  +  to  if  W  is  a  uniform  load,  or  W  +^if  W 

is  a  concentrated  load.  The  depth,  d',  so  found,  is  a  second  approximation. 
We  may  again  apply  the  formula,  as  before,  using  the  weight,  w',  of  beam  of 
depth  (T ;  or,  more  simply,  increase  the  breadth,  as  in  K  45. 


C( 


•The  beam  is  here  tappoeed  to  be  without  weight.    See  YY  42,  etl^gle 
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47*  In  practice,  beams  of  rectangular  section  are  almost  alwasm  of  Umber 
and  such  beams  are  economically  obtainable  only  in  certain  oommercia 
eixes.    Hence,  the  second  approximation  will  usually  be  all  that  is  required. 

Strengths  and  Weights  of  Similar  Beams  of  Different  Dimen- 
sions.   Comparison  between  Models  and  Actual  Structures. 

48.  In  any  given  beam,  let  W]  —  the  load  causing  any  given  unit  stress, 

8.    Then,  Wi  —  - — j (for  n,  see  table,  p.  474) ;  and,  in  any  similar  beam. 

of  a  times  the  breadth,  depth  and  span,  the  corresponding  load,  W  ■■ 
nSaba^d^^  ^^^^  ^^^  ^^^^  ^j  ^l^^j,  ^^^^^  is  -^  -  o«;  or  W  -  o«  Wi', 

but  the  ratio  of  their  toevghU  b  -^  ■■  ■ .    ,  .     —  a*;  or  w  —  o^  toi. 

49.  In  other  words,  oomi^aring  one  beam  with  another,  of  a  times  its 
breadth,  depth  and  span,  their  atrengtkt  are  as  the  Bqwirf  of  their  respective 
dimensions;  but  their  weighU  are  as  the  cube*  of  those  dimensions. 

50.  Hence,  if  a  model  of  a  beam  will  just  break  under  a  uniform  load 
(including;  its  own  weight,  ti?)  —  2,  3  or  4,  etc.,  times  its  own  weight,  then  a 
beam  of  smiilar  crose-eection.  but  of  2,  3  or  4,  etc.,  times  its  breadth,  depth 
and  span,  will  just  break  under  its  own  weight  alone. 


Horizontal  Shear.    See  also  111  119-122. 

51.  When  (Figs.  7  and  8)  deflection  occurs  in  a  cantilever  or  beam  com- 
pared of  separate  borisontal  lajrers.  like  a  pile  of  loose  boards,  the  several 
k^rs  slide  upon  each  other;  but,  if  they  are  firmlv  joined  together,  or  other- 
wise preverted  from  sliding,  they  exert,  upon  each  other,  a  horisontal  shear- 
faig  force.    In  any  section,  this  force  diminishes  from  a  maxi- 

mum, at  the  neutral  surface,  n  n,  to  sero,  at  the  top  and  bottom  of  the  section. 


n«.T. 


Vl«.ft. 


52.  In  any  section  of  a  rectangular  beam,  the  maximum  horisontal 
shear,  per  unit  of  neutral  surface,  is 

""26d' 
where  V  —  the  vertical  shear  in  the  section,  and  5  and  d  ->  the  breadth  and 
thr  depth  of  the  section,  respectively. 

In  words,  the  unit  horisontal  shear,  at  any  point,  is  directly  pro- 
portional to  the  vertical  shear  at  that  point.  Hence,  the  horisontal 
ihaar  diagram  is  similar,  in  character,  to  the  vertical  shear  diagram; 
but  is  opposite  in  sense,  positive  vertical  shear  corresponding  to  nega- 
tive horisontal  shear. 

53.  If  the  horizontal  shear  is  resisted  by  a  fastening  applied  at  only 
^ne  point,  said  fastening  must  be  made  sufficiently  strong  to  resist  the 
turn  of  all  the  horizontal  shears  between  such  point  and  tnat  where  the 
shear  is  »  0. 

54.  In  Fij^.  9,  diagrams  (&)  and  (c)  show  respectively  the  moments 
and  the  vertical  shears  due  to  concentrated  and  distributed  loads  on  a 
beam  as  shown;  and,  in  Fig.  (d),  each  ordinate  represents  the  force 
which  must  be  applied,  at  the  corresponding  point,  in  order  to  resist 
tho  sum  of  all  the  horizontal  shears  between  that  point  and  the  point 
of  zero  shear.  Ordinates  above  a  zero  line  indicate  positive  moments  or 
shears,  and  vice  versa.     In  positive  moments,  the  segment  to  the  Ufiof  B 
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nction  tends  to  turn  etockwiM,  In  potiHv  Bheara,  the  2e/t-hand  segment 
tends  to  slide  upward  or  the  ujyper  segment  to  slide  toward  the  right. 
Between  a  and  e,  between  c  and  d.  between  g  and  h,  and  between  h  and 
6,  all  the  diagrams  are  straight  lines,  Figs,  (b)  and  (cO  being  inclined, 
and  Fig.  (e)  horizontal.  At  e  and  at  K  Figs,  (b)  and  (d)  change  their 
inclination,  and  Fig.  (c)  shifts  its  pHosition.  Between  d  and  /,  and 
between  /  and  g  (t.  e.,  under  the  distributed  load),  Fiss.  (b)  and  (d)  are 
parabolic  curves,  and  Fig.  (c)  shows  inclined  straight  Tines.  At  /,  Figs. 
(6)  and  (d)  change  curvature,  and  Fig.  {c)  shifts  its  position.  At  «,  the 
point  of  maximum  moment.  Figs,  (c)  and  (d)  change  signa.  See  Relation 
between  Moment  and  Shear,  Statics,  %^  359  to  3C(8. 


d5.  Inasmuch  as  the  horisontal  shear  is  a  resistance  to  bending,  its  neglect, 
in  the  common  theory  of  beams,  as  heretofore  explained,  is  in  general  on  the 
side  of  safetv.  But,  in  beams  composed  of  honxontal  layers,  means  must 
be  provided  for  ite  transmission  from  one  layer  to  the  next. 


4 


T*^- 


r:^ 


I®; 


liff.  10. 

56.  Thus,  deep  wooden  beams.  Fig.  10,  are  frequently  built  up  of  two  or 
more  timbers,  one  above  the  other.  In  order  to  prevent  deflection,  due  to 
the  slidin|(  of  these  timbers  upon  each  other,  blocks  are  inserted  between 
them  at  intervals,  as  shown,  or  the  adjacent  sides  of  the  timbers  are  so 
notched  as  to  interlock.  In  either  case,  the  timbers  are  tightly  bound 
together.  The  blocks  or  notches  then  serve  to  transmit  the  horisontal  shear 
from  one  timber  to  the  other.  In  Fig.  10  the  blocks  are  more  numerous  near 
the  ends  of  the  span,  as  required  by  the  diagram  of  horizontaUheax.  Fig.  9  (d). 
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n 


f 


3  b^ 


"8 

+ 

8 

+ 

Si 

„ 

^ 

H 

+ 

^ 

H 

+ 

M 

> 

M 

^ 

fe 

H 

^ 

H 

I& 

i& 

Q> 

9|m 


:i= 


•g    -6      ■€ 


3  3 


-E     "I    -E 


«  3 


Hoo     h;        "B       -I 


o 


I 

a 


I 
t 
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I 
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I 

! 
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Deflection*. 


07.  TUm  oppoAlte  table  gires  the  defleetlons  within  the  elastic  limi^ 
(tooeani  (h 

nte  of  sopport  aiMl  of  loi 

lad  wbleli  will  prodaee  »  Klven  defleetlon, 

without  MsistHDoe  from  the  weight  of  tlie  beam  itself.  All  the  formults  are  based 


oimajpriamaix 

fereat  arraasenaente  of  saj 


(beau  of  uniform  cross  section  throuffbout)  under  dii^ 
_       lente  of  sopport  and  of  load; 
oolumn)  the  exiraneons  load  wblen  will  prodnee  a 


_  also  (in  the  last 
Iven  defleetlon 


npon  the  assumption  tliat  the  fiicrease  of  deflection  is  proportional  to  increase 
of  load. 

The  letters  signify  as  follows : 

d  le  deflection  of  beam,  In  inches  (see  Figs). 
W  «>  weight  of  extraneous  load  in  pounds. 

w  =       "      **  clear  span  of  beam,  In  pounds. 

i  a-  dear  span  of  beam,  in  inches  (see  Figs). 

K  -■  modulus  of  elasticity  of  the  material  of  the  beam,  in  lbs.  per  sq.  inch. 

I  »  moment  of  inertia  of  the  cross  section  of  the  beam,  in  biquadratic  inches. 
See  **  Unit  of  Moment  of  Inertia,"  p.  468. 

Fkvm  the  prtndplss  embodied  in  the  <«ppodte  table,  we  And  that  in  bea-as  oi 
similar  cnuM  section  and  of  the  same  material,  and  within  the  elastic  Ifank,  the  load) 
and  deflections  (neglecting  the  weight  of  the  beam  itself)  are  as  follows: 


With  the  I 


The  deflections  under  a  giren  eztraneoos  load  are 


and  breadth 


inversely  as  the  breadths  and  as  the  cnbes  of  the  depth* 


directly 


breadths 
cubes  of  the 


With  the  s 


breadth 


and  breadth 
depth 


The  extraneous  loads  for  a  given  deflection  are 


directly  as  the  breadths  and  as  the  cubes  of  the  depths 

CC  M  «  tt  U 


inTSrsely 


brMdths 
cubes  of  the 


Deliectloil  In  Termi  of  Extreme  Fiber  Stress.    In  table,  p.  474, 

the  load  W  i-  kS^.;  where  ft  -  a  coefficient,  as  below;  S  —  unit  stress 

In  extteme  fibers;  I  ---moment  of  inertia;  T  —  distance  from  neutral  axis 
to  extreme  fiber,  and  I  ^  span.     From  the  table  opposite,  we  have: 

W  —  m      „   ■:  where  m  -  a  coefficient,  as  below;  d  —  deflection,  and 


d  E  I. 


Ti" 


£  —  modulus  of  elasticity.   Henoe,  k  8 
PS,  tn 


In  a  cantilever,  loaded  at  end,  m  —      3; 

M  ••  "       uniformly,  m  —      8; 

In  a  beam,  supported,  and  loaded  at  center,  m  "  48; 
••  "         "       uniformly,  m  —    78.8 

"       ••       fixed,  **         "       at  center,   m  •-  IW; 

«        ••  «  •»         ••       uniformly,  m  -•  884; 


and  rf  -  i 

p  a 

•ET 

k^    1;  c  - 

*  -    2:  c  - 

*  -    4;  c  - 
k~    8;  c  « 

*  -    8;  c  - 

3. 

4. 
12. 

9.fi 
24. 

jb  -  12;  e  -  32. 


35 
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ElMtte  Umlt. 

OS.  Under  modente  1oad&  the  deflectione  are  practically  proportional  ta 
tt«  load.  When  they  begin  to  IncreaM  perceptibly  beter  than  the  Iom^  the  latter  ii 
nid  to  hare  reached  the  elaetio  limit,  or  limit  of  elasticity.  It  It  generaUy  at  thia 
point  that  the  **  pernaanamt  net  **  flnt  beoomee  noticeable;  i.  e.,  after  remoTal 
of  the  load,  the  beam  fUle  to  retnm  to  its  orixtoal  nnatraincd  condition*  and  raouUnt 
mure  or  leea  bent.  Th*«  deflectiona  then  alio  begin  to  increaee  imgulaiiif  ;  and  to 
eootinoe  indefinitely  without  ftirther  increaae  of  load.  In  ehort,  the  beem  la  in 
danger.  Hence,  the  actual  load  anut  neMr  esoMd  the  elastic  limit;  and  should  not 
exceed  from  one-third  to  two-thirds  of  it,  according  to  drcnmstanoee. 

TlM  limit  or  elaatleltjr  of  a  beam  of  any  particular  form,  or  material,  is 
detamalncd  bjr  axpajrliiaaiit  with  a  similar  bcain,  as  in  the  case  of  conataota 
ibr  breaking  load«,  to.  Thus,  load  a  beam  at  the  center,  by  the  carefhl  gradual 
addition  of  smell  eqaal  loads;  careftiUy  note  down  the  deflection  that  takca  plaee 
within  some  minutes  (the  more  the  better)  after  each  load  has  been  applied;  In  order 
to  ascertain  when  the  defiections  begin  to  increase  more  rapidly  than  the  loada)  fgc 
when  this  takee  p\tn»,  the  load  for  elastio  limit  has  been  reached.* 

It  is  not  the  defltMJtIons  of  the  whoU  beam  that  are  to  be  noted,  but  flioaa  of  ita 
tiear  span  only.  Sereral  beams  should  be  tried,  in  order  to  get  an  ovenipe  oonataat, 
for  even  In  rolled  Iron  beams  of  the  same  pattum,  and  same  Iron,  there  is  «  rery 
eppreciable  diflbronoe  of  strengths  and  deflections. 

then,  to  get  the  conetont,  using  the  Mai  load  applied  during  the  equal  daflaetionab 
iBcluding  half  the  weight  of  the  beam  Itaelf. 

€k>iiatemt  Ibr  alMtto  limit  -  ^      J^^  *°  ^  >^'^^  '?f  *°^  .     ^ 
Breadth  in  inches  X  Square  i4  depth  in  inches 

TiM  oomaCantf  ibr  iroodom  baowia,  may  be  had.  near  enough  Ibr  eouson 
p^aetie^  by  taking  one  third  of  the  bnaiing  Constanta  in  the  taUe,  page  476w 

Bald  constent,  thus  calculated,  la  the  ehMlio  limit  of  a  beam  of  the  glvm  rihapa 
and  material,  I  inch  broad,  1  inch  deep,  and  of  1  foot  span,  supported  at  both  ends 
aad  loaded  at  the  center.  To  obtain  from  it  the  elastio  limit  cf  any  other  beam  of 
the  same  deeign  (  and  the  earn*  maUirial,  similarly  supported  and  loaded,  but  of  other 


BiMtte  _  constant  X  ^'^^^^  *°  '°<^'^  X  ■q«»>  <f  depth  In  Inchee 


Multiply  the 
reault  by 
1 
2 
2 
8 


spaainfoet 

If  tha  beam  Is 
•npportod  at  both  ends  and  loaded  at  center, 

"     "      "       •'  "  uniformly, 

fixed  t       "     "     '*       "  "  at  center, 

"  "     "      «       "  «  uniformly, 

"  **     one  end    "  *'  atothwend, 

"  *•       ••     "      "  "  uniformly, 


•Of  course,  in  practice.  It  b  frequently  difllcult  to  ascertain  with  precision,  when, 
or  under  what  load,  the  deflectiona  aotually  do  begin  to  Incrmse  more  rapidly  than  the 
eucceesiTa  loads.  For  although  ftf  Meory  the  deflections  are  practically  equal  for 
rqnal  loads,  until  the  elastic  limit  b  reached,  yet  in  fad  they  are  suhlect  to 
more  or  less  irregularity;  for  no  material  compoelng  a  beam  is  perfectly  uniform 
Lhroughout  in  texture  and  strength.  Hence,  instead  of  regular  increaae  of  defleo> 
tion,  we  shall  hare  an  alternation  of  larger  and  smaller  ones.  Therefore^  Moma  Judg- 
meat  b  required  to  determine  the  flnal  point;  in  doing  which,  it  b  better,  in  case 
of  doubt,  to  lean  to  the  eide  of  si^ef^.  It  is  assumed  always  that  the  load  b  not 
fotilect  to  Jara  or  ribrationa.    Theae  would  increaae  the  deflectiona. 

t  A  beam  b  said  to  be  *<  flxed  **  at  either  end  when  tha  tangent  to  the  loogltadlMd 
axis  of  the  deflected  beam  at  that  end  remains  alwaya  horisontaL 

ITbe  skopet  of  the  two  beaasa  need  not  be  s^mOor.  For  instance,  tiM  coMtaat 
deduced  from  exparimeota  npoa  any  metangular  beam  b  appUcaUe  to  any  othst 
rectangular  beam,  whether  square  or  obloag. 
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The  Elastie  Carre* 

09.  When  a  oaatUerer,  Fig.  1,  or  a  beam,  Fiff.  'A  supported  or  fixed  in 
any  manner,  bends,  under  the  action  of  any  load,  the  neutral  surface,  n  n, 
forme  a  curve,  such  that,  at  any  section, 

R  .  EJ  __  IJl . 
M        M** 
irhere 

R  -•  the  radius  of  curvature,  at  the  section ; 
M  —  the  bending  moment,  at  the  section; 
I  —  themoroentofiiiertia  of  the  section; 

o 

E  —  the  elasticity  coefficient  of  the  material,  "  -r  • 

8  —  any  unit  stress  ^thln  the  elastic  limit; 

k  ^  the  unit  "stretch"  (elongation  or  compression)  produced  by  S  in 
the  given  material. 


6       ^^>  ^W  (a)  (b) 

Wig.  X  (repeated).  Wi^.  8  (repeated). 

The  Deflectton  Coefficient. 
00.  Definition.    The  deflection  coefficient,  for  any  given  material,  is  the 
deflection,  in  inches,  of  a  beam,  of  that  material,  1  inch  square  and  of  1  foot 
span,  supported  at  each  end,  and  carrying,  at  its  center,  an  extraneous  load 
of  1  tb.  —  f  w',  where  u/  —  weight  of  clear  span  of  beam  alone,  in  lbs. 

61.  Let  y  -•  the  deflection  coefficient  for  any  given  material.  Then,  in 
any  rectangular  beam,  of  the  same  material,  with  center  load  or  uniform 
load,  let 

b  ^  the  breadth,  in  inches; 
d  -■  the  depth,  in  inches; 
L  —  the  span,  in  feet; 

uf  —  theweight,inlb8.,  of  the  clear  span  of  the  beam  itself* 
W  —  center  load  +  t  to; 
-■  f  (uniform  load  +  w). 
Then,  in  the  given  beam, 

DefleeUon-  Y  -     »^-^;        Breadth*    -    6  -  W .  ^A^; 

Load.         -W-Y.^;       Depth*       -   d  -  L -^- 

62.  The  deflection  coefficient,  y,  for  any  given  material,  is  obtained  by 
experiment,  thus:  At  the  center  of  any  rectangular  beam,  of  the  given  mate* 
rial,  placed  horisontally  upon  two  supports,  at  anv  convenient  and  known 
distance  apart,  place  any  load  that  is  within  the  elastic  limit,  and  measure 
the  resulting  deflection,  Y.  Let  W  —  the  extraneous  center  load  -h  ^  vy. 
where  w  —  the  weight,  in  lbs.,  of  the  clear  span  of  the  beam  itself.  Then 
the  deflection  coefficient  is 

where  b  and  d  -•  the  breadth  and  depth,  in  inches,  and  L  —  the  span,  in 
feet,  of  the  experimental  beam. 

*  In  calculating  the  breadth  or  the  depth,  if  it  w  necessary  to  provide  foi 
the  weight  of  the  beam  itself,  we  first  let  W  —  the  extraneous  load  only. 
and  then  proceed  by  successive  approximations,  as  in  t1[  45  and  46.  remem« 
bering,  however,  that  in  the  case  of  deflections,  5-8  of  the  weight  of  each 
additional  section  is  to  be  taken  as  equivalent  center  load,  and  not  1-2  as  in 
the  case  of  strengths.  Digitized  by  LjOOg  IC 
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63.  The  ratio  between  any  two  homologous  lines,  in  any  two  Bimila 
figures,  is  constant.  Henoe,  in  determining  or  using  coeffioientB,  whetbe 
fnr  strength  or  for  deflection,  by  comparing  beams  of  similar  sections  but  o 
(iijTerent  sizes,  we  may  \ia»  any  two  homologous  lines  in  place  of  the  twi 
breadths,  or  in  place  of  the  two  depths,  or  the  same  line  may  be  taken  u 
place  of  both  breadth  and  depth. 

Thus,  in  ilgs.  11,  B/6  -  Did  -  R/r  -'2, 


Flffs.ll. 


FIff.  X. 


FIff.  T. 


Henoe, 


Also, 


Also, 


.  8  -  2»  - 


RR« 


1000 
125 


-8-2"; 


BIV 
6r»   ' 


6X  100 
3  X  25 


B»D 

b»d 


1728 
108 


-  16  -  2*  - 


600 
75 

R»R 

r*r 


-8-  2«. 


lOOOO 
625 


16  •■ 


63  a.  From  the  foregoing  and  from  5  31 ,  p.  473,  it  follows  that,  with  Hmila 
a-osB  teetionB  but  e^uoZ  9pan9t  Fig.  X,  the  strengths  are  proportional  t 
the  cubea  of  any  homologous  lines  in  the  two  sections;  but,  with  beam 
similar  in  all  respects,  including  span.  Fig.  Y,  the  strengths  are  as  the  Sfftiorc 
of  any  homologous  lines  in  the  two  sections ;  i.  «.,  as  the  areas  of  the  twi 
sections. 

64.  DefleeUon  eoeflletent  for  beams  of  rectangular  cross  section 
See  H^  60.  61.  Beam  1  inch  sauare.  12  ins  span.  W  («  cen  load  +  %  > 
« eight  of  dear  span)  —  1  pound.     From  p  480,  we  have  ; 

T^  ^        «       J  fl  .  >'*   W        12*  X   12       432 

Defl  coeflf  —  defl,  y,  m  ins,  at  oen,  —  Aavr  "  — ao  v —  "■  "k"' 

60.  Cant  Ion.  The  deflections  of  timber  of  the  same  kind  vary  ^atl] 
with  the  degree  of  seasoning,  the  a^e  of  the  tree,  the  part  from  which  tb 
beam  is  cut,  etc  In  our  own  experiments  on  good  pieces,  well  seasoned,  oi 
which  the  loads  were  allowed  to  remain  for  months,  less  than  2  per  cent,  o 
the  breaking  load  produced  a  permanent  s^t  in  a  tew  months.  Several  o 
ttie  sticks  bore  their  breaking  loads  for  months  before  actually  giving  way 
The  vibrations  and  jars,  to  which  all  structures  are  exposed,  in  time  increasi 
the  deflections. 

66.  Eccentric  Concentrated  lH»adA.  Let  Y.  Fig.  12  (a),  be  thi 
deflection,  at  the  center  of  the  span  (i.  e..  at  the  point  of  application  of  thi 
load)  of  a  beam  supported  at  each  end,  tlue  to  a  load,  W,  within  the  elastii 
limit,  at  the  center  of  the  span.  Then,  if  the  same  load,  W,  be  placed  eccen 
trically  upon  the  same  beam,  as  in  Fig.  12  {h),  the  deflection,  Y'«  at  th« 
point,  c,  of  application  of  the  load,  and  due  to  the  load,  W,  is 

wliere 

I  «  the  span  ; 

m  and  n  >-  the  segments  into  which  the  load  divides  the  span. 


Digitized  by  CjOOQIC 


BEFLECnOHB. 


485 


67*  Uiilf  omL  Iioads.  Let  Y  be  the  defleetlon,  doe  to  any  oentral  ex« 
tosDeous  load  (within  the  elaatle  limit),  on  a  beam  supported  at  each  end. 
Then  the  deflection,  Y'.  of  the  same  beam,  due  to  the  eame  kmd  unifonnly 
dlBtribnted  oyer  the  span,  is 

Y'=-  —  Y 

68.  Inclined  Beams.  If  the  beam  is  inclined,  use  the  horisontal  pro- 
jeetioa  of  its  span,  in  place  of  the  span,  I,  in  determining  its  deflections. 

68»  Cylindrical  Beams.  Let  Y  be  the  deflection  of  a  square  beam 
vnder  any  given  load.  ^Then.  for  a  cylindrical  beam  whose  diameter  -•  side 
of  the  square,  the  deflection,  under  the  same  load,  is  -  1.608  Y. 


SHffest 
(b) 


Fiff.  IS. 


riir*  !<• 


70.  >lcs.  13  (a)  and  (b)  show.  respeciiTely,  the  strongest  and  the  stiffest 
leetanguiar  sections  which  can  be  cut  from  a  given  cylindrical  log,  of  diame- 


ter. D.     In  the  strongest  section  Fig.  (o),  ae  —  -.-.  and  6 

o 


stiffest  section  Fig.  (&).  ac  —  -j,  andd 


-41 


■<\ 


Ds.  In  the 


D*. 


71.  Blaxlmnm  Permissible  Deflection.  Under  even  a  perfectly 
safe  load,  a  beam  may  bend  too  much  for  certiun  purposes.  Thus,  to  pre- 
vent the  cEBcking  of  the  plaster  of  oeilingB.  it  is  usual  to  limit  the  deflection 

In  long 

fines  of  shafting,  for  machinery,  the  deflection  is  usuaUy  limited  to  r^^  -• 
1  faieh  per  100  feet  of  span;  in  hif^way  bridges  to  ^^  »  ^  inch  in  10  ft.: 

in  nilroad  bridges  to  |^  -  ■ 

72.  Let   Y  -"  the  nuudmum  permissible  deflection.  In  inches  per  foot  ol 
,  in  any  given  case; 


to  ^^  —  ^  inch  per  foot  of  span  —  3|  ins.  per  100  ft. 


-  inch  per  100  feet. 


span,  m  any  given  case; 

2i"  the  deflection  coeflicient,  Y^  00,  etc. 
—  the  clear  span  of  the  beam,  in  feet; 


w  —  theweightof  the  dear  span  of  the  beam,  in  lbs.) 
W  —  the  center  load  +  f  v; 
—  f  (uniform  load  +  w)« 
Hien,  Y  L  •"  the  deflection,  in  inches,  for  the  whole  span,  L,  and  we  have^ 
for  the  permissible  load.  W.  and  the  lequijed  brsadth,  d.  and  depUi,  dMor  a 
leetaagnlar  beam  (see  t  01): 


Breadth*   -  6   - 
I>«pth* 


^•d»Y' 


*  See  foot-note  to  let    '^ 


{ 
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Suddenly  Applied  Loads. 

73«  Suppose  a  load  to  be  applied  to  a  flexible  beam  suddenly,  thoui^ 
without  falling  or  jarring;  as,  for  instance,  if  it  be  supported  by  a  cord  which 
allows  it  just  to  touch  the  beam  without  bearing  upon  it,  and  the  cord  be 
then  sudd^y  out  In  two.  The  deflection  of  the  beam,  m  such  a  case,  is 
theoreticfdly  twice  as  great  as  when  the  same  load  is  applied  gradually,  as  by 
venr  slowly  relaxing  the  cord,  or  by  dividing  the  weii^t  into  small  fragments 
and  applying  them  at  intervals,  one  by  one.  See  tt  35  etc,  under 
Strength  of  Materials.  Hence  the  streni^h  of  the  b«mi  (within  the 
elastic  limit)  is  much  more  severely  taxed  in  the  former  than  in  the  latter 
case.  A  heavy  train,  coming  very  rapidly  upon  a  bridge,  presents  a  eon- 
dition  intermediate  between  the  two. 

CantUeTen  and  Beams  of  Uniform  Strensth. 

74.  For  equilibrium,  the  resisting  moment,  R,  of  any  section,  must  bal- 
ance the  bending  moment,  M,  at  that  section.    Or, 

-|.I-M;or,  S  -  M.~: 

where  S   —  unit  stress  in  extreme  fibers; 

T  —  distance  from  neutral  axis  to  extreme  fibeis; 
I   —  moment  of  inertia  of  section. 

75.  In  a  beam  of  uniform  cross-section,  therefore,  since  T  and  I  are  uni> 
form  throughout  the  span,  the  unit  stress,  S,  on  the  extreme  fibers,  yaries 
with  the  bending  moment,  M.    For  uniform  strength  against  bending  mo- 

T 
ments,  the  cross-section  must  so  vary  that  y  shall  be  Inversely  proportional 

to  M,  in  order  that  S  may  remain  constant. 

76.  The  following  table  shows,  in  elevation  and  in  plan,  the  theoretical 
shapes  of  rectangular  cantilevers  and  beams  of  uniform  strength  against 
bending  moments,  under  concentrated  and  uniform  loads.  In  practice, 
some  of  these  shapes  would  of  course  have  to  be  made  stronger  near  their 
ends,  in  order  to  provide  a  suflicicnt  section  t«  resist  shear. 

77.  Notwithstanding  the  reduction  in  material  which  would  be  effected, 
by  using  beams  of  uniform  strength,  their  use  is  seldom  economical,  exoent 
fn  the  case  of  cast  iron.  In  timber,  the  material  removed  would  not  t>e 
saved:  and,  in  steel,  the  saving  in  material  would  often  be  o£Fset  by  the  ooeli 
of  additional  labor. 

Moreover,  it  will  be  noticed  that  the  deflectiouB  of  beams  of  unifona 
stren^h,  under  a  given  loading,  are  considerably  greater  than  tfaoee  of  beams 
of  umform  crossHsection. 

In  the  table, 

W  •-  concentrated  load; 
w  *-  uniform  load  per  unit  of  span; 
f  -•  span; 

X  -"  distance  from  a  support  to  any  given  section; 
d  "■  depth  of  beam  at  that  section; 
h  -■  breadth  of  beam  at  that  section; 
D  —  maximum  depth  of  beam; 
B  ••  maximum  breadth  of  beam ; 
S   ""  unit  stress  in  extreme  fibere; 

E  -  elasticity  coefficient  -  ^"J*  «treM 
umt  stretch 
Y'  —  deflection,  due  to  extraneous  load,  in  beam  of  uniform  strength; 
Y   -■  deflection,  due  to  extraneous  load,  in  beam  of  uniform  erogf  w»<i- 
tion  i"  maximum  cross  section  of  beam  of  uniform  strength. 
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UKtfteren    of   B^sUnroto   CroM-iectlon    and  of   Inifomi 
*^^    Strenffth.    Prollles,  Plans  and  Deflections* 

For  sjmbols*  see  ^  77. 


€•— •■traUi  Lmi4,-W;  st  Md. 


irQz 


Bresdth,  h,  oomtant. 

PnAK  lMU»bola»  with  rarta  aft  load. 


d- 


8b     '      ~  EbD* 

D  ■■  Ifaudmixin  deptb 


—   ST; 


irC 

} 

1 

m 

i 

Depth,  d,  ooaataat. 

^ 

I            i| 

FlM,  trl«i«to. 

1 

^ 

VBirorm  L«ad,»  tv    per  SBlt  of  epaa 


l« « ^^ 


Breadth,  b,ooD>tent^ 
Profile,  trUogle. 


Depth,  d,  constant. 

Plan,  two  parabolic  ouryea,  with  TertUjea 
at  tree  end. 
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Beams  of  Seetanffular  Cross-section  and  ot  XTnlfonn  Strength. 
Profiles,  Plans  and  Deflections. 

For  symbols,  see  opposite  page. 


Coaecairatod  Ifoadv-fF,  ml  eeater. 


^t — ^m 


BreMUh,  b,  constant. 

Profile,  two  paraboUo  curves,  with  vertloes 
atmpporCs. 

P  at  oonter  of  spaa. 


SE6D' 


^     «  Y. 


Depth,  d,  constant.     B->mazimum  width 
Flan,  two  trlaaffles 


8W« 


.        y*_   tWI»     —    *  Y 


Vaiform  I«oad,  —  %p  par  aalt  of  spaa. 


Breadth,  b,  oooataBt. 
Profile^  cUipse  or  seml-eUlpse . 


Depth,  d,  constant 

Flan,  parabolas  with  Tertloes  at  oenter  of  a 


Sic 
Bd*  ' 
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Sjmbols  in  table  oppoaite: 

W  —  concentrated  load ;  v> 

—  span:  x 

—  depth  of  beam  at  that  aec ;  b 
maximum  depth  of  beam ;  B 
unit  Btrees  in  extreme  fibers; 

elasticity  coefficient  « 


d 
D 

S 

£  - 


uniform  load  per  unit  of  span ; 
dist  from  a  support  to  given  sec ; 
breadth  of  b^m  at  that  sec ; 
maximum  breadth  of  beam; 


unit  stretch' 

Y'  —  deflection  due  to  extraneous  load  in  beam  of  uniform  strength ; 
T  —   deflection,  due  to  extraneous  load,  in  beam  of  uniform  cross-sec* 
tion  —  max  crosa-section  of  beam  of  uniform  strength. 

Continaous  Beams.     See  also  ^t  134-6. 

78*  A  contintious  beam  is  one  which  rests  upon  more  than  two  supports. 

79.  The  resistances  and  deflections  of  continuous  beams,  like  those  of 
beams  with  fixed  ends,  are  determined  by  means  of  the  elastic  curve,  using 
the  calculus.  The  more  important  facte,  thus  deduced,  are  indicated  in 
Fig.  14  and  illustrated  table.  K  89. 

SO.  Fig.  14  represents  the  general  character  of  the  deflections,  and  the 
variations  of  the  momenta  and  of  the  shears,  in  uniformly  loaded  continuous 
beams. 

81.  Moments.  Fig.  14  (b).  Ordinates  drawn  abov«  the  sero  line,  a*  V, 
represent  pontive  moments,  or  those  where  the  segment  of  the  beam,  to  the 
left  of  any  section,  tends  to  revolve  docktnae;  and  vice  versa. 

82.  At  each  end  of  the  beam,  at  one  point,  t  (called  the  inflection  point,  or 
point  of  contrary  flexure)  in  each  end  span,  and  at  two  such  points  in  each 
remaining  span,  the  moment  is  sero. 

83.  At  another  point,  m,  in  each  span,  the  positive  moment  reaches  a 
maximum  for  that  span;  while  the  negative  moments  reach  their  maxima 
at  the  supporto.  Both  the  positive  and  the  negative  moments  vary  in  the 
different  spans;  but,  if  the  spans  are  equal,  then  the  moments,  at  any  two 
points  eqmdistant  from  the  center  of  the  whole  beam,  are  equal. 


FifT*  14« 


84.  The  moment  diagram,  between  each  support  and  the  point,  m,  of 
maximum  positive  moment  on  either  side  of  it,  is  a  semi-parabola,  with  ha 
apex  at  m. 

85.  Shears.  Fig.  14  (c).  Ordinates  drawn  above  the  zero  line,  a"  b', 
represent  poailive  shears,  or  those  in  which  the  2e/t-hand  segment,  at  any 
section,  tends  to  slide  upward  past  the  righi-ha.nd  segment ;  and  vice  versa. 

86«  At  the  point,  m.  of  maximum  moment,  in  each  span,  the  shear  is  tero. 
Between  each  such  pomt  and  the  next  support  on  the  left,  the  shear  is  posi- 
tive, and  vice  versa. 

87.  At  each  support  the  shear  suddenly  changes,  by  an  amount  —  the  re- 
action of  the  support. 

88.  The  shear  diagram  is  a  series  of  straight  lin^^itized  by  L^ OOg  l€ 
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299.  The  llliutrated  t»ble  oppoBite  represents  the  conditions  theoieti- 
eally  existing  in  uniformly  loaded  continuous  beams  of  from  two  to  five  equal 
spans.  Only  the  left  half  of  each  such  beam  is  shown,  the  right  half  bein£ 
aymmetrieal  with  it. 

90*  The  Figs,  show  the  amount  of  the  in<^-iriT»^^w>^  positive  moment  in 
eath  span,  that  of  the  negative  moment  at  each  support,  and  the  shear  on 
eaeh  side  of  each  support. 

91.  The  Fi«B.  show,  also^  the  coefficient,  a,  for  the  distance,  a  I,  from  the 
left  support  of  each  span  to  the  point  of  tna-rimiim  moment  in  that  span; 
and  the  ooemcient,  2,  for  the  distance  or  disiances,  x  A  from  the  same  8up> 
port  to  the  mflection  point  or  points  in  that  span.  In  eadi  central  span,  the 
sum  of  the  two  values  of  2  is  —  1.     In  each  end  span,  «  —  2  a. 

92.  In  each  central  span,  the  point  of  maximum  positive  moment  is  at 
the  center  of  the  span.  In  other  words,  the  deflection  in  that  span  is  sym- 
metrical, or  a—  0.5. 

93«  The  numerical  sum  of  the  two  shears,  one  on  each  side  of  a  support, 
«  —  the  reaction  of  that  support.    At  each  centra^  support^  the  shears,  on  its 
iwo  sides,  are  equal. 
IntheFSss., 

w  "  load  per  unit  of  span; 
I  ""  span; 

m  —  the  coefficient  for  moment; 
mtoP  "■  moment; 

V  "«  the  coefficient  for  shear; 
vwl  "  shear; 

a  —  the  coefficient  for  distance  to  point  of  maximum  moment; 

al  -"  distance  from  left  support  of  any  span  to  point  of  maximum 
positive  moment  in  that  span; 

X  —  the  coefficient  for  distance  to  inflection  point; 
xl  *»  distance  from  left  support  of  any  Qpfui  to  either  inflectinn 
point  in  that  span. 

^  94.  Fiiic*  15  shows  the  values  of  m  and  of  v  in  a  uniformly  loaded  non-con- 
tinuous beam.  Comparing  these  with  the  corresponding  values  in  con- 
tinuous beams,  as  shown  m  the  illustrated  table,  opposite,  we  see  that  the 
continuous  beam  has  oonsiderable  theoretical  advantage.    But  see  1[  05. 

!« i d 


(a)JIl 


(ft)   ! 


\-OJf 


Flff.  15. 


95.  Certain  praetical  considerations,  however,  materially  reduce  these 
advantages  in  many  cases.     Thus,  in  a  continuous  railroad  bridge  of  100  ft. 

spans,  so  designed  that  the  maximum  deflection  shall  not  exceed  -r  inch,  a 

o 

settlement  of  -rr  inch,  in  an  intermediate  pier,  would  deprive  the  bridge,  of 

the  support  of  such  pier,  and  thus  practically  throw  two  adjacent  spans 
faito  one,  bringing  upon  their  members  stresses  far  in  excess  of  those  for 
which  they  were  designed.  Again,  with  moving  loads,  the  theoretical  ad- 
vantage may  at  times  be  much  less  than  that  due  to  a  stationary  load  and 
indioated  in  the  illustrated  table.  igitizeci  by  ^ OOg  IC 
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Cross-shaped  Beam.* 

96.  In  a  cro8s-«haped  beam,  Fig.  16,  of  homogeneous  material  loacUtd  i 
oenter,  let 


W   -  the  load; 
E   —  the  elasticity  coefficient  — 


unit  stress 


„  ,      ,  „  u°i*  stretch 

Y   ■•  the  deflection  at  center ; 
L.  /  —  the  spans  of 
D,  d  -  the  depths  of 
T.   t  =  the  half  depths  of 
1,  i  '—   the  moments  of  inertia  of 
S,  •   —  the  unit  stresses  in  the  extreme 

fibers  of 
P,  29  —  the  portions  of  W  borne  by 


the  two  branches  respei 
tively. 


Fie.  16. 

Then  (see  illustrated  table,  p.  480),  since  the  deflection  is  necessarily  tb 
same  for  both  branches, 

L»P 


and.  since  P  —  4 


S  .1 


EI 
P 
P 


E-t'^ 

i.r» 

t.L»' 


J, — J-,  and  p  —  4  .  ~-    (see  table,  p.  474),  we  have 


©7.  In  other  words,  in  order  that  both  branches  may  be  equally  strong 
( hoir  depths  (independently  of  their  breadths)  must  be  directly  as  the  squarei 
of  iheir  spans,  or  their  spans  directly  as  the  square  roots  of  their  depths. 


•F.  Reuleaux,  "  Der  Konstrukteur,"  Braunschweig,   1889. 
gtructor."  translated  by  H.  H.  Suplee.  Philadelphia,  1803. 
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rnuiflTene  Beslstmnce  off  Flat  Plates.  For  Buckled  Plates,  lee  p  1167 
98.     The  laws  governing  the  resistance  of  plates,  to  pressures  normal  Ut 
(heir  surfaces,  are  but  imperfectly  understood ;    and  formulas  expressing 
.hexa.  must  be  used  with  caution  and  as  probable  approximations. 

99-  In  the  following  table,  the  moments  are  those  given,  as  sufficiently 
ipproximate,  by  Rankine,  Civil  Engineering,  p  544,  for  supported  edges ; 
ma  the  stresses  are  deduced  from  these  moments  by  means  of  the  formula. 

3'-  M  -sr-j^     See  symbob,  ^  101.     See  formulas  for  load,  in  rectangular 

X/  a* 
seams,  p  474.     For  plates  with  fixed  edges,  see  ^  100. 
A  homogeneous  oblong  plate  tends  to  split  along  its  longer  axis. 

lOO.  Fixed  edges.  If  M  be  the  moment,  and  S  the  maximum  fiber 
itress.  for  a  plate  with  tupported  edges,  and  if  M/  and  S/  be  the  correspond- 
ng  values  for  the  same  load  on  the  same  plate  with  fixed  edges,  we  may 


i' 


for  central  load.     JV/V  -  K  Af  ;      SfKS; 
for  uniform  load,     iW/  -  %  Af  ;      S/  "  %  S, 
See  rules  for  ordinary  beams,  p  474. 

lOl.     In  a  plate  with  supported  edges,  let 
d   —  thickness  of  plate  ;  In  an  oblong  plate,  let 

to   —  load  per  imit  of  surface ;  L  —  longer  span  ; 

W  —  total  load ;  b  —  shorter  span  ; 

M  ■»  max  bending  moment ;  in  a  square  or  circular  plate,  L  —  & ; 

iS   "•  max  fiber  stress.  in  a  circular  plate,  r  —  radius. 

maximum  bending  moment.  JT,  and  maximum  fiber  stress,  8,  in 

plates  supported  at  ed|^.     For  fixed  edges,  see  H  100. 


Central  Load. 

Plate 1- 

—  Moment,  M. 

■1 

-  Stress,  5.  1 

Dblong 
L  <  1.19  6 

i-» 

3   6  TT 
2  Irf' 

L<  1.19  6 

3  ^     L*6 
8  *^  L<  +  6* 

9        Uh       W 
4  *  L*  +  6«  •  d" 

Square 

t.-- 

8  <P 

Urcular 

9 

3  W^ 

Uniform 

Load. 

Plate  1 

—  Moment,  A/. 

-i 

—  Stress,  5.  1 

3blong     -|  W 

L*b           1        L*  62 
L*  +  6«       8  "*  L«  +  6« 

3  Ub       W       3       L<6»       w 

4  •  L*  +  6«  •  rf»        4  •  L*  +  6*  *  da 

Square      IwL            ^  ^u.  I? 

3     W^ 

8    d? 

-l-^-^^ 

JuTular    ^W 

o 

r                 1       _, 

1    ?• 

IT    -rf* 

-^l 

102.     In  a 

circular  plate,  uniformly  loaded 

defiectlon  at  center  - 

■s^^^'i 

c  *  ^  f or  plates  supported  at  edges  ;  c  —  -^  f or  plates  fizrd 

It  edges ;  E  - 

elastic  modulus. 

♦  Since  the  stress  (5  —  M  7—=  )  is  proportional  to  .— j^ , 
Li  a*  Li  a* 


the  stress,  S, 


inder  a  given  toUd  load,  TT,  in  square  or  circular  plates,  and  in  rectangular 
platee  where  Lib  is  constant,  is  independent  of  the  surface  dimensions. 

t  Compare  F.  Graahof,  Theorie  der   Elasticitat  und   Festigkeit,  BerUu.^ 
1878,  pp  330,  337.  y  -    y  ^  oOglt: 
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THANSVERSE    AND    LONGITUDINAL    STRESS    COBIBINEl 

t03.  Although  the  combination  of  longitudinal  and  transverse  stress 
thp  same  piece  is  objectionable,  it  is  often  unavoidable.  Thus,  in  a  timb 
roof,  the  rafters  generally  act  both  as  columns  and  as  beams).. 

In  auch  cases,  the  total  unit  stress,  B,  in  the  extreme  fibers,  i*  the  mi 
of  the  uniform  stress.  So,  due  to  direct  compression  or  tension,  and  t 
extreme  fiber  stress.  S>t.  due  to  bending  moments  only,  under  the  acti< 
of  the  transverse  and  longitudinal  loads  combined.     Or  S  =  Se  -*-  Sb. 

Let  Mb  ■-  the  bending  moment  due  to  the  transverse  load;  M«  ■-  t 
bonding  moment  due  to  longitudinal  load,  P;  and  M  >»  the  total  resulta 
bending  moment.  —  Mb  —  M«  when  the  longitudinal  load  is  toDsi 
=  Mb  +  Mo  when  the  longitudinal  load  is  compressive. 

But  M«  —  P  d,  where  P  »  the  longitudinal  load,  and  d  '^  \ta  leverage, 

th**  deflection  of  the  beam,  due  to  all  causes  ;  and  (see  ^  57)   d  —  _-,l 

in'here  I  —  span,  Sb  ■"  unit  stress  in  extreme  fibers,  due  to  bendii 
E  =-  modulus  of  elasticity;  T  —  distance  from  neutral  axis  to  extreme  fibe 
and  c:  —  a  coefficient,  whose  values,  for  different  cases,  are  given  in  ^  57. 


S 


Hence,  M,  —  P 


PSb. 
lETc' 


and  resultant  moment  M  —  Mb  +  P  fr^-  •     T 


resLiting  moment.  R  (see  1 10),  is  —  Sb  y; 


and,  for  equilibrium,  R  —  M. 


Hence,  8b.  «^  —  Mb  +  P  ^rffr-;  whence  we  derive,  for  the  extreme  fil 

stress,  Sh.  due  to  bending  only,  under  the  action  of  the  transverse  and  loni 
tudioal  loads  combined. 


Sb  - 


MbT 


I  + 


Ec 


'  where  the  longi- 
-  tudinal  stress  is 
tensile 


Sb- 


M   T    "v 
*      .  I  where  the  loni 
>■  tudinal  stress 


_P_P  f 
Ec  ' 


compressive 


Besides  ^his  we  have  the  unit  stress,  Se,  due  directly  to  the  longitudir 
p 
load»  P,  and  —  ^,  where  A  is  the  area  of  cross-section  of  the  beam.   Hen< 

for  the  total  unit  stress,  S,  in  the  extreme  fibers,  we  have 


8    -   So  + 


Sb    -    ?  + 


MbT 


I± 


PP 
Ec 


When  the  deflection,  d,  i-j  negligible,  M,  =  0  ;    M  =  Mb  =  Sb  7p  ;  and  Sb 


M,^ T  ^  M  T 

1  I 

oeglected,  and  this  formula  used, 


P       M  T 
in  11  10  ;  and  S  =   f  +  -V-. 
A  1 


In  practice,  d  is  frequeni 
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DIACKIMAIi  STRESSES  IM  BEAHS. 
Maximum  llnlt  Stresses. 

104.  When  a  body  (as  a  bolt)  ia  nnder  tensile  (or  comp)  stress 

•nly,  the  tendency  of  the  body,  as  regards  sections  normal  to  the  stitss^  is  to 
pull  apart  (or  crush  together)  in  the  direction  of  the  stress,  or  normally  to  the 
section,  and  the  entire  stress  acts  normally  upon  the  section;  but,  on  planes 
oblique  to  the  stress,  the  stress  is  resolved  mto  two  components,  one  (n) 
of  tension  (or  comp)  normal  to  the  plane,  and  one  (0  tangential  to  the 
plaAe  (shearing  stress). 

1*^.  IJiider  shearing  stress  alone,  the  effect,  upon  a  plane  parallel 
to  dc  betw  the  2  shearing  toroes,  is  pure  shear;  but,  upon  planes  o&^iytM 
to  the  forces,  the  shearing  forces  are  resolved  into  (0  tangential  or  shearing 
,  and  (n)  normal  (tensile  or  comp)  stresses. 


Fiff.  ir. 


lOA.  Thus,  Fig  17.  let  a  bar,  of  length,  L,  and  depth,  D,  be 
a  tension,  S  *  <S  ,  in  line  with  its  hor  axis,  and  to  two  pairs  of  f 
and  H  —  H\  as  shown;  V  and  F'  constituting  a  right-hand  ven 


,  be  subjected  to 
of  forces,  F-F' 

_        _  I  vert  shear,  while 

H  and  H'  constitute  a  left-hand  hor  shear. 

Suppose  the  bar  divided  by  a  section,  aa  N  N.  F  G  or  K  M,  and  consider 
the  forces  acting,  in  either  case,  upon  the  right-nand  segment  of  the  bar  as 
thus  divided. 

Upon  the  normal  section,  N  N,  the  tension,  S,  and  the  hor  shear,  H,  act 
norxnally  (S  as  tension,  H  as  compression),  and  the  vert  shear,  V,  tangen- 
tially  (as  shear):  but,  for  an  oblique  section,  F  G  or  K  M,  we  first  resolve 
each  force,  iS,  V  and  H,  into  two  components,  b  and  y,  c  and  z,  a  and  x, 
respectively  normal  and  parallel  to  the  section,  as  shown  by  the  force-triangles 
on  the  right.*  Then,  summing  these  comps,  algebraically,  we  obtain  the 
resultant  forces,  P^^  (normal)  and  P^  (tangential  or  shearing),  acting  upon 
the  section  in  question.  With  the  forces,  S,  V  and  H,  aa  shown  in  Fig  17i 
we  have: 


Oni 


.FG, 


On  sec  X  Af . 


^^ ,  tension,  —  y  +  s  —  z; 
P^,  right-hand  shear,  —  o  4-  c  — 
P^ ,  compression,  —  a  +  e  —  6  ; 
P| ,  right-hand  shear,  —  y  +  s  - 


107.  If,  now,  we  examine  ail  possible  planes  cutting  the  body  at  a 
given  point,  we  shall  find  (1)  one  such  plane  upon  which  the  resultant 
unit  tensile  stress  reaches  its  max;  (2)  another,  normal  to  (1),  upon  which 
the  resultant  unit  comp  stress  reaches  its  max;  and  (3)  two  planes,  normal 
to  each  other  &  bisecting  the  right  angles  betw  planes  (1)  &  (2).  Upon 
the  two  i^anes  last  named,  (3),  the  resultant  umt  shearing  stresses  reach 
their  max. 

♦In  order  that,  for  either  force,  S,  V  or  H,  the  two  force-triangles  (for 
the  two  sections,  F  G  and  K  M)  may  be  identical,  and  thus  simplify  the 
6«uro«  we  take  the  two  sections.  F  G  aad  K  M ,^mm^lk^S<^^^^^r, 


( 
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Flff.  18. 


1t»8.  Let  Fig.  18  represent  a  small  element  in  a  bar  under  tensile  A 
E^hearing  stresses;  and  let  it  be  required  to  determine  the  positions  of 
I bese  planes  and  the  correspond! ngT  niax  stresses.     Let 

«     —  the  original  normal  (tensile  or  comp)  unit  stress  ; 
V     —     "         "        vertical  (shearing)  unit  stress ; 
—  A    —     "         "        horizontal  (shearing)  unit  stress  ; 
Sp   "     "    max  or  min  resultant  normal  unit  stress  ; 
max  resultant  shearing  unit  stress  ; 


Then 


*r    - 
A    - 

tan2  A   - 


angle  betw  s  and  s 


s/'2' 


«_  max  —    «/2   +   V 


-    a/2   +  v(«/2)2   +'v2.. 


•    min  -    •/2  -  t»y   -    •/2   -  /(«/2)>  + 


.-(1) 

..(2) 
..(3) 
..(4) 


(tension  I    +  8i«n  Kives  max  tension         .  , 

T*  -  •  J  \   —  comp  —  min  tension 

1  oomn     I    + '     *^™P 

vwmp    ^   _     ••        ».        •«     tension  —  min  comp. 

Kzample.    Let 

a  -•  2000  Ibs/sq  inch,  tension  (not  drawn  to  scale); 

V  ~>    h    ~  1600   "  /  ••     "  .  shear     ( ). 

Here  v  is  left-handed.  h  right-handed.     If  this  be  reversed,  the  angle,  A, 
betw  the  resulting  tension,  «_  ,  &  the  hor,  will  be  below  the  neut  axis. 

_  leoo 

8/2        1000 

1887  ; 

2887  (tension)- 


109. 


110.   Then  tan  2  ^4  - 


-  1.6;  2  A  -  68°; 


29°: 


^/(«/2)2  +  i;a  -    v'lOOO*  +  1600»    - 
«/2     +    tj-  -        1000    +  1887     - 


•-  min  -         a/2 


1000    —  1887     -  —  887  (comp) 


111.   In  other  words,  we  have,  as  resultants,  (1 )  a  max  unit  tension, 

t    max  "  2887  Ibs/sq  in,  forming  an  angle,  A  —  29**,  with  the  axis  of  the 

^  bar  or  with  the  direction  of  «  ;  (2)  a  min  unit  tension  or  max  comp,  a^  min  — 

'  887  Ibs/sq  in,  normal  to  «„  max;    (3)  a  right-hand  unit  shear,  v^  —   1887 

Ibfi/aq  in;  and  a  left-hand  unit  shear,  — '  v-  ,ir?  ^^^^,^7  Ibs/sq  inch;    th« 
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direetioioa  of  the  ahearing  strMaeii  bisecting  the  right  angles  betw  the  max 
normal  etreesee. 

112*  The  max  tension  and  compreeaion,  at  any  point,  are  called  the 
**  prinelpal  stresses  '*  for  that  point. 

Hortaontal  and  Tertleal  Sbear  In  Beams. 

See  alao  pp  440  Ac.  446  Ac.  450  to  453,  478-9. 

lis.  Let  Fig.  19  represent  the  left  half  of  a  liomoflreneons  beam,  of 

rpctangular  section;  breadth,  b,  —  1  inch;  depth,  rf,  *  10  ins:  span.  L,  —  100 
ins;  with  cen  load,  W*  of  200  lbs;  left  reaction.  R  »  W/2  -  100  lbs.  Weight 
of  beam  neglected.  The  bendg  mom,  at  cen  of  span,  is  Af  —  RL/2  » 
WLlA*  —  5000  inch-lbs;  and  the  mom  decreases  uniformly,*  from  its  max, 
at  een  of  [Q>an,  to  aero  at  the  supports.  In  the  extreme  upper  &  lower  Bbers, 
the  longitudinal  unit  stress,  (?  10,  p  468)  «,  -  MTjl^  where  r  -  rf/2  - 
dial  from  neut  axis  to  extreme  fibers  «  5  ins;  /  »  inertia  mom  of  cross 
section  -  fcd»/12  «  1000/12.  Hence,  in  Fig  19,  «  -  12  X  6  M/IOOO  - 
0.06  M,  Now  «,  l>eing  thus  proportional  to  Af ,  aJso  decreases  umformly,* 
from  its  max,  at  cen  of  span,  to  zero  at  the  supports.  Values  of  Af  and  of 
s,  for  the  sections  0,  a,  &,  c,  cf,  e,  are  figured  on  the  diagram. 


SeetUm     0 


Fig.  19. 


*  Under  a  uniformly  diatribiUed  load,  the  bendg  mom,  at  cen  of  span, 
is  WL/S:  and  the  bendg  moms,  M^  and  the  resulting  longitudinal  unit 
stresses,  «,  vary  as  the  ordinates  of  a  parabola,  as  indicated  by  the  dotted 
pai^bola,  r  *i«,  at  top  of  Fig  19,  which  corresponds  to  a  uniform  load  •»  400 
lbs  —  2  VF.  The  umt  shears,  «,  in  a  given  hor  section,  then  decrease  imi- 
fonnly,  from  a  max,  at  the  supports,  to  aero  at  the  cen  of  the  span.  Comt- 
pore  3d  and  4th  figures,  p  474. 
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114.  The  unit  hor  tensile  and  eomp  stresaes, «,  at  the  several  pointa 
in  any  vert  section,  are  proportional  to  tbe  dislA  of  thoee  points  CroMi 
the  nentral  axis,  as  indicated  by  the  diagram  at  each  vert  section,  Fiff  19. 

119.  In  Fig  20,  let  n  and  g  be  two  vert  sections  of  this  beam,  such  that, 
at  n  and  at  g,  the  extreme  unit  fiber  stresses  are:  m  n  —  15,  ana  u  (r  —  25, 
respectively.  Then  the  reetansrular  portion,  n  f,  of  the  beam, 
betw  sections  n  d:  §:.  is  acted  upon  by  a  series  of  net  or  resultant  forces, 
ranging  from  compression,  e  g  '^  u  g  —  mn  —  —25  —  (—16)  —  — 10,  at 
the  top,  to  tension,  »  +10,  at  bottom,  as  indicated  by  the  diagram,  e  k. 

116.  Suppose  the  piece  nf  to  be  divided  into  10  hor  strips  of  equal  depth. 
"  1  inch.     Then  the  net  unit  stresses,  s,  acting  at  the  tops  and  bottoms 

of  these  strips,  respectively,  are  those,  (—10,  —8,  —6, 6,  8,  10)  figured 

from  «  to  ^;    and  the  mean  stress,  or  (since  depth  of  each  strip  *  b  *  1) 

tbe  force,  actingr  upon  eaeb  strip,  b  that  (—0,  —7,  —5, 5,7,1^/ 

figured  betw  g  and/. 

117.  Tbese  forces  are  transmitted,  from  strip  to  strip,  thru  their 
surfs  of  contact;   and,  in  determining  the  shearing  force,  acting  in  the  hor 

Elane  betw  any  2  strips,  we  regard  the  upper  (or  lower)  strip  as  acted  upon 
y  its  own  push  or  pull  plus  (algebraically)  those  of  all  the  strips  above  (oc 
below)  it. 


118.  Thus,  the  3d  strip  from  the  top  is  pushed  to  the  left  by  a  force  of 
—9  —7  —5  —  — 21>  while  the  4th  strip,  just  below  it,  is  pulled  to  the  right 
by  a  force  of  9  +  7  +  6  +  3  +  I  —  1  — 3  -  21.  Hence  the  surf  betw 
the  3d  and  4th  strips,  sustains  a  counterclockwise  sbear  of  21 ;  which, 
divided  by  the  area,  bl  =  I,  of  that  surface,  gives  the  nuit  sbear  in  the 
plane  betw  the  3d  and  4th  strips.  With  central  load,*  this  unit  shear  is 
uniform  from  each  support  to  cen  of  span,  where  it  changes  sense  (from  plus 
to  minus,  or  vice  versa)  but  is  of  the  same  intensity  in  the  other  naif-span. 
See  3d  Fig.  p  474. 

110.   In  any  vert  section  of  Ibe  beam,  let 

V  -=  the  total  shear 

«>    "    reaction  of  either  support,  minus  the  sum  of  all  loads  betv 
that  suppt»rt  and  tne  section  ; 
/      =»    ••    inertia  moment  with  respect  to  the  neut  axis; 
6      =-    "    breadth;  d  —  depth ; 

a      =»    "    area  above  (or  below)  any  given  point  in  the  section; 
c      =»    "    dist  from  neut  axia  to  grav  cen  ot  o; 
Mg  =  ac  '^  static  mom  of  a,  with  respect  to  the  neut  axis; 

V  «•  the  unit  vert  shear  •»  unit  hor  shear  at  a  given  point. 
120.   Then 


*  See  f  oot>note  p  494  c. 
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At  the  neut  axia,  M^  (—  o  c)  —   v  *  "4    ""  ~^' 


Henoe,  at  ilie  nentral  axis : 

^  _  J 

8/  8<>d>         2      bd 


,_K-^    -F    12"^    -    =»       " 


3 

—  —   X  the  mean  vert  shear  in  the  oross  eection. 
See  also  11  51  etc. 

Since,  under  a  center  load,  (If  113  and  Fig  19)  «  increases  uniformly^  from 
lero  (at  support)  to  «max  (at  span  center),  we  nave,  for  the  increase  of  «•  in 
any  portion,  9A  ng    =»   U  Fig  20,  of  the  span: 

'  o  ' 

«r  —  •»  ■■  Snuuc  Yrnk   "       «in*x  7-. 


121.  At  the  left  of  Fig.  19  is  a  diagram  stiowinff  tlie  nnlt  shears 

in  the  several  hor  sections. 

122.  Let  Fig  21  represent  a  small  element  of  a  body,  of  unit  thickness, 
normal  to  the  paper,  and  acted  upon  by  a  right-hand  vert  shear,  F  -«  v  />, 
(where  v  —  the  unit  vert  shear,  and  D  ■»  the  depth  of  the  element)  and  by  a 
left-hand  hor  shear,  H  >»  h  L  (where  h  »■  the  unit  hor  shear,  and  L  <-*  the 
length  of  the  element).     For  equilib  of  moments,  we  must  have 

V  L  "  H  D\       oTvD  L  -'  hLD\       or  v  «  *. 
In  other  words, 

unit  vert  shear  —  nnlt  hor  shear. 


vJ> 
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Maxfmam  ITntt  Stresses  In  Beams. 
128.  The  eommon  theory  of  beams  (pp  466  to  494,1 1  1-103) 
considers  only  the  lonsrltndinal  tensile  an«f  eompressive  forces 

and  the  vert  and  hor  shearinflf  forees.  due  directly  to  the  load  and  to 
the  upward  reactions  of  the  supports,  ana  acting,  at  any  point,  upon  vert 
and  tu/r  planes  pasmnK  thru  such  point;  but,  except  in  certain  limited  por- 
tions of  the  beam,  these  stresses  are  not  the  maximum  stresses  act- 
ing at  such  point;  for  they  combine  to  form  resultant  diagonal  stresses, 
acting  upon  aiagoruU  planes  (passing  thru  the  same  point);  and,  upon  some 
of  these  dias  planes,  the  resulting  normal  and  tangential  stresses  are  greater 
than  either  of  the  original  streraes. 

124.  The  eommon  theory  is  sufficiently  well  adapted  to  beams  of 
many  kinds,  and  especially  to  steel  beams,  where  the  longitudinal  forces 
are  resisted  by  the  flanges,  and  the  shears  by  the  web;  but  in  certain  por- 
tions of  deep  and  heavily  loaded  beams,  especially  those  of  reinforced 
concrete,  the  diagonal  resultant  or  maximum  stresses  are  the 
ruling  stresses,  and  must  not  be  neglected. 

120.  In  a  beam,  at  top  and  bottom,  we  have,  respectively,  hor  tensile 
and  comp  stresses  only,  and,  at  the  neut  axis,  shear  (vert  &  hor")  onlv; 
but,  at  all  other  points,  we  have  shear  (vert  &  hor)  actinur  conlointly 
With  hor  stresses,  either  tensile  or  comp.  At  aU  points, these  shearing  and 
longitudinal  stresses  may  be  resolTCd  Into  components,  normal  dc 
tangl  to  any  plane,  at  pleasure,  as  in  the  case  of  |J^  J^^|^(^^  ,Fig  17, 


I 
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126.  Thus,  each  element  of  the  beam,  FifS  22,  23,  24,  is  acted  upon  by 
hor  &  vert  forces  (unit  Btreeaes),  which,  acting  upon  diagonal  planee,  are 
resolved  into  diagonal  components,  and  these  components  may  be  alge- 


braically snmined  into  resultants;  but  the  original  stresses  vary  is 

intensity,  and  the  resultant  stresses  both  in  intensity  and  in  dirsction,  from 
point  to  point.  For  the  directions  and  Talnes  of  these  resultant 
stresses  at  their  maxima,  we  have,  from  Eqs  1-4,  f  108,  p  494^ : 

T^"^  2  A  -  -^ (1) 


^  -   l/(«/2)»  +v^ 

«„  -  a/2  ±  »,    -    «/2  ± 


(2) 

/c«/2)a  +  »' ..(3)(4) 


where 


—  original  unit  tensile  or  comp  stress  at  the  point ; 

—  original  (vert  or  hor)  unit  shear  at  the  point. 


The  max  normal  stresses,  «p,  are  called  the  principal  stresses. 

ST.  Applying  these  formulas  at  numerous  points  in  the  profile  of  the 
n.  Fig  22,  we  are  enabled  to  construct  enrves.  Fig  23,  showing  the 
ectlons  of  the  stresses ;  and  to  plot,  as  in  Fig  24,  for  given  points,  the 
eetions  and  intensities  of  the  stresses  there  acting.  At  any  given 
it.  Fig  24,  we  have  resultant  normal  and  shearing  stresses  analogous  to 
^se  in  Fig  18,  p  404  b;  but.  in  the  present  Fig  24,  owing  to  want  of  space. 
Ay  the  max  principal  stress,  «_  max,  is  shown  for  each  point  selected. 
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laS.  In  Fig.  23»  the  directions  of  the  prlneipal  Btreflses,  «^ ,  are  repre- 
sented by  the  solid  curves;  those  of  the  resnltaiit  slieam,  ty ,  by  dotted 
Durves. 


Of  the  solid  curves 
(principal  stresses) 

concave 

horizontal 
at  cen  of  span 

at45<' 
with 

at  90° 
with 

The  tension  curves  are       !  upward 
The  compression  curves  are  downwd 

below  neut  axis 
above     " 

neut  axis 

top  of  beam 
bof    ." 

The  tensile  and  comp  curves  are  normal  to  each  other  at  their  interBeotions. 
1S9.  Following  any  cnrTe  (concave  upward)  of  normal  tension,* 
we  find  that, 

(1)  for  its  point  of  Uatg^nejr  irltli  the  hor  (viz:  at  cen  of  span) 
a    max  —  tension  —  « ;       a^  min  *  comp  —  0 ; 

(2)  for  the  point  where  the  enrve  Grosses  the  neat  axis  (at  45**) 
«P  max  (tension)  ->  tp  min  (comp)  —  v^  —  :fcv  (shear); 

(3)  shove  the  neat  axis,  the  tension  becomes  «p  min,  and  continues 
diminishing,  as  the  direction  approaches  the  vert,  becoming  zero  at  top, 
where  A  —  90**.  Above  the  neut  axi?,  for  points  in  the  same  curve,  the 
eompreanon  {normeU  to  the  curve)  is  now  s^  max,  and  increases  from  a^  « 
r,  »  ±r,  at  the  neut  axis,  to  «_  max  (comp)  »  »,  at  top. 

150.  Where  v  =  sero  (viz:  at  any  point  in  the  vert  cross  section  at 
cen  of  span,  and  along  the  extreme  upper  and  lower  fibers),  we  have  (t  126) : 

«P  max  —  «/2  +   Vy  —  « ;        tan  2  il  —  0 ; 
8p  min    -  «/2  —  r^  -.  0 ;        tan  2  w4  -  0. 

151.  The  equation,  tan  2  A  ^  0,  gives  either  2  .4  »  O*  or  2  /I  —  180°; 
i.  e.,  A  '^  €P,  or  A  ^  90°;  but  wo  know  that,  at  cen  of  epan  and  along  the 
extreme  upper  and  lower  fibers, «.  max  is  hor,  or  A  <»  0°;  and  «  min  is  vert, 
or  A  -  90*. 

182.  Where  s  —  sero  (as  at  the  neut  surf  and  where  bending  mom 
—  zero),  we  have  (H  126)  :  v^  -=  ±t> ;  a  max  =  a^  min  —  y^v^  —  ±v; 
tan2A-oo;       2  A  =-  90° ;      andil-  45°. 

183.  Of  the  (dotted)  shear  enrves.  Fig  23,  thoee  of  one  set  are  tan- 
gential to  the  neut  axis  and  reach  top  <Sc  bottom  of  beam  at  angles  of  45°, 
tending  away  from  cen  of  span;  while  thoee  of  the  other  set  are  normal  to 
these  and  to  the  neut  axis  at  their  inteiBeotiona,  reaching  top  and  bottom 
of  beam  at  45°,  tending  toward  cen  of  span. 


HOHEirra  Ilf  COMTISriTOFS  BEAMS. 

See  also  IfH  78,  etc. 
184.  Figs  25  and  26  show  positive  and  negative  bendinir  moments 
1b  two  eontlnaons  beams.  Fig  25  of  two  equal  spans,  and  Fig  26 
of  three  equal  spans,  resting  freely  upon  their  supports.     Each  span  —  1. 
Fig  26  (three  spans)  may  be  used,  with  sufficient  approximation,  for 
where  the  ^ans  are  more  numerous. 

»  Canveraely  for  curves  (concave  downward)  of  normal  compreaaion. 
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135.  At  any  cross  section,  the  ordinate,  betw  the  axis,  0  X,  of  abscissaa, 
and  the  curve,  (1)  m^^  (2)  m_  poi^  or  (3)  wi-  neg^  represents,  respectively, 
by  the  scale  of  ordinates  on  the  left,  (1)  the  dead  load  moment,  m^,  (2)  the 
max  positive  live-load  mom,  m.  po«,  or  (3)  the  max  negative  live-load  mom, 
m_  neg,  at  that  section,  the  dead  load  (1  per  unit  of  span)  being  uniformly 
distributed  over  the  entire  length  (two  or  three  spans,  as  shown)  of  the  beam, 
and  the  live  load  (1  per  unit  of  span)  being  uniformly  distributed  alternately 
over  two  portions  of  the  length  of  the  beam,  said  portions  being,  for  each 
cross  section,  such  that  the  uniformly  distributed  live  load,  placed  upon  said 
portions,  will  produce,  alternately,  the  max  poe  and  the  max  neg  mom  at 
that  section. 

136.  In  an  actual  beam,  at  any  point,  we  have,  for  bending  mom: 

M  —  m^  to  L*  +  flip  p  L*  ; 
where 

m^  —  the  ordinate,  at  the  point,  from  0  X  to  the  ciwve  m^\ 

m^--^    "  "  ••    "       "  **     *•  **    "    •*       *•      nip  po«  or  flip  fMo: 

to     "  uniform  dead  load  per  unit  of  span; 

t>     —        *'        live      *'      "       '*     "      '*    ,  placed  as  explained  in  ^  135. 

L     "  the  actual  span. 

Thus,  at  the  point,  a.  Fig  26  (distant  0.7  L  from  0),  we  have,  by  scale, 
m^  =   0.035;  m^  -poi  «-  0.070;       m^  n«Q  —  —  0.035.     Hence,  at  pomt  a, 

max  pos  mom  -  0.035  w  I?  +  0.070  p  /J; 
max  neg  mom  —  0.035  to  L*  —  0.035  p  L*. 
f,  therefore,  p  —  to,  the  max  neg  mom,  at  a,  is  zero,  and  there  is  no 
iltant  neg  mom  to  the  left  of  a;  but,  if  p   —   2  tr,  we  have  w  —  p/2  ■■ 
+  p)/3:  and,  at  a,  with  p  —  2  to  : 
c  neg  mom  -  0.035  w  U  —  0.035  X  2  to  L* 

-  0.036  to  La  —  0.070  to  L«  -  —  0.035  to  IJ 

0.035  (10  +  p)  L»/3. 
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COUCmLNH  WN  OElfEBAI.. 

Streairtli  •f  Golamns,  PUlara,  Struts,  of  irniforni 
Cross  Soetion. 


(For  iron  snd  steel  eolumns,  see  pp  1189,  etc. 
see  pp  1143,  etc.) 


For  wooden  columns, 


1.  The  axis  of  a  column  b  a  line  passing  through  the  centers  of  gravity 
of  all  its  cross  sections. 

2.  If  the  line  of  action  of  the  load  coincides  with  the  axis  of  the  column 
in  the  end  sections,  the  column  is  said  to  be  axlally  loaded ;  other- 
wise, eeeentrically  loaded. 

S«  Under  an  axial  load,  if  the  axis  remains  mathematically  straight,  it 
eoincidee  with  the  line  of  pressure  throughout  the  length  of  the  column, 
and  the  streos  is  uniformly  distributed  over  each  crora  section^  as  indicated 
bv  the  parallelogram,  a  6,  Fig  2;  but  eccentricity  of  loading.  Fig  1  a,  or  lack 
of  straikhtDesB  m  the  axis.  Fig  I  b.  or  of  homogeneity  in  the  material,  wiH 
cause  the  axis  to  diverge  from  the  une  of  pressure. 

4.  When  the  axis  and  the  line  of  pressure  fail  to  coincide,  in  any  section, 
their  divergence  sets  up.  in  that  section,  a  "  couple  "  (see  HII 148,  etc,  pp  401. 
etc;  11^  155.  etc,  pp  404,  etc)  represented  by  the  two  triangles,  bed  and 
ec/.  Fig  2,  i  6,  below. 

5.  In  all  cases,  therefore,  the  dlayram  of  the  stresses  in  the  cross 
section  consists  of  the  |M»rallelogrrain,  a  b,  modified  or  not  (as  the  case 
may  be)  by  the  two  trianfl^les,  bed  and  ec/.  (In  Fig  2.  the  extreme 
fiber  stresses  are:  »  —  a/(=a«  +  e/)  and  gd  i"  gb  —  bd,) 

6.  In  very  short  eolnmns,  axially  loaded,  the  parallelogram  is 
but  little  (if  at  all)  affected  by  the  triangles;  i  e,  the  pressure  is  nearly  or 
quite  uniformly  distributed  over  the  cross  section;  while,  tn  very  slender 
colnmiis,  on  the  contrary,  the  pressure  is  practically  certain  to  be  unequally 
distributed;  and  the  disturbing  effects,  represented  by  the  two  triangles, 
may  become  the  principal  feature:  so  that  the  maximum  unit  stress,  on  the 
concave  side,  mav  greatly  exceed  the  mean  stress,  ae  or  ^  b.  Fig  2;  while 
the  unit  stress,  g  a,  on  the  convex  side,  may  fall  to  xero  or  may  even  become 


^ 
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id 
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Flff.  2. 


7.  Ill  very  slender  eolnmns,  nnder  moderate  deflections, 

the  changes  of  length  in,  and  therefore  the  stresses  exerted  by,  the  extreme 
fibers,  are  relatively  small.  Hence,  the  column  may  fail  to  support  its  load 
long  before  th4»e  stresses  reach  the  ultimate  strenigth,  or  even  the  elastic 
limit,  of  the  material;  as  when  a  whale-bone  is  compressed  endwise  between 
thumb  and  finger,  and  thus  sprung  out  laterally. 

ft.  But,  as  the  deflection,  d,  Pig  1  b,  increases,  the  moment,  Pd.  of  the  load, 
P,  increases  also.  The  chMiges  of  length  of  the  fibers,  and  therefore  the 
stresses  exerted  by  them,  increase  also,  owing  to  the  increase  of  curvature; 
so  that,  eventually,  further  movement  of  the  load  may  be  prevented,  or. 
if  the  load  is  sufficient,  the  column  may  be  broken  or  permanently  crippled 
by  it. 

•.  A  very  slight  obliquity.  Fig  1  a,  or  deflection.  Pig  1  6,  may  reduce  the 
strength  as  much  as  50  per  cent;  and  difiFerences  of  10  per  cent  or  more,  in 
the  ultimate  load,  may  occur  between  two  pillars  which,  to  all  appearances, 
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are  precisely  similar,  and  tested  under  the  sama  conditions.  Henoe,  the 
behavior  of  columns  is  much  less  certain  than  that  of  pieces  in  tension,  or 
even  of  beams:  and  liberal  nmtety  faetors  ahoald  be  eaiployed 
in  using  formulas  or  tables  for  oolimma. 

10.  This  lack  of  certainty,  in  respect  to  the  strengths  of  columns,  is 
especially  unfortunate  in  view  of  the  necessary  and  extensive  use  of  eel* 
Dmns  as  compreMiloii  membeni  In  brldgre  and  roof  triuaea. 
See  Quebec  Bridge,  p  1202  [under  Iron  <&  Steel  Columns]. 

11.  Tbe  neatral  axis  of  any  section  is  a  line,  in  that  section,  passing 
through  its  center  of  gravity  and  perpendicular  to  the  plane  in  which  deflec- 
tion takes  place,  or  in  which  it  is  supposed  to  take  place.  A  crooe  section 
may  therefore  have  a  number  of  neut  axes,  as  the  col  may  be  supposed  to  deflect 
in  any  one  of  a  number  of  planes.  Usually,  however,  wnen  a  ool«  of 
homogeneous  material,  is  left  free  to  deflect  in  any  plane,  the  plane  of  ddieo- 
tion  is  determined  by  the  shape  of  its  cross  section,  and  is  tnat  of  its  least 
radius  of  gyration.  Thus,  if  the  section  is  circular,  whether  solid  or  hoUow, 
deflection  mav  equally  well  occur  in  any  plane;  but,  in  a  square,  deflection 
occurs  in  a  plane  parallel  to  either  side;  in  a  rectangle,  in  a  plane  parallel 
to  the  shorter  sides,  etc,  etc. 

12.  Wlien  the  plane  of  defleetlon  Is  predetermined  by  some 
constraining  feature,  as  bv  the  pins  in  Figs  3  c,  eeonomjr  of  material 
requires  that  the  section  be  so  disposed,  with  reference  to  the  pin,  etc,  thai 
the  least  radius  of  gyration  (see  pp  353  a,  6)  shall  be  peipendicular 
to  the  plane  of  deflection,  as  so  predetermined.  When  the  plane  of  deflection 
is  not  thus  predetermined,  economv  of  material  requires  tnat  the  section  be 
so  designed  that  the  several  radii  of  gyration  be  as  nearly  equal  as  may  be. 

18.  Since  a  structure  is  in  danger  when  any  portion  of  it  sustains  a  stress 
exceeding  the  elastic  limit,  that  limit  should  be  taken  as  constituting 
the  ultimate  stress. 

14.  Fatlcne.  In  our  following  remarks  on  this  subject,  the  pillars 
are  supposea  to  sustain  a  conHarU  load;  and  the  ultimate  or  breaking  load 
referred  to  is  that  one  which  would,  during  its  first  application,  cripple  or 
rupture  the  pillar  in  a  short  time.  But  struts  in  bridg^  etc  often  have  to 
endure  stresses  which  vary  greatly  in  amount  from  tune  to  time.  Their 
ultimate  load  is  then  less.     See  p  465. 

10.  The  resistance  of  a  column  is  greatly  affected  by  the  arrangemeot 
of  its  ends,  see  Fig  3,  below.     Thus: 


h'^ 


U 


FlflT.  8. 


A.  Free  end.    Column  free  to  deflect,  in  any  direction,  about  the  other 
(fixed)  end. 

In  the  following  cases,  the  ends  are  supposed  to  remain  stationary, 
altho  the  axis  is  more  or  less  free  to  bend. 

B.  Konnd  ends.     Axis  free  to  deflect  in  any  vertical  plane. 

C.  llluired  or  pinned  eu«ls.   Deflection  limited  to  one  vertical  plane. 

D.  Flat  or  square  ends.     Tangents  to  axis  of  column,  at  ends, 
ed  in  position  (see  D*),  until  rotation,  at  ends,  takes  place,  as  in  D*. 

E.  Fixed  ends.    Tangents  to  axis  of  column,  at  ends,  fixed  in  position. 
The  two  ends  of  a  column  may  be  differently  arranged.     Thus,  one  may 

e  fixed  and  the  other  round;  or  one  flat  and  the  other  pinned,  etc. 
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Axial  I^oatUn^. 

16.  The  welfflit  of  the  eolumn  itoelf,  whether  vertical  or  hori- 
soQtal,  is  here  neilected. 

17.  Let  all  dimensions  be  expressed  in  one  and  the  same  unit,  as  the  inch, 
and  all  forces  in  one  and  the  same  unit,  as  the  pound;  and  let 

a   »  area  of  cross  section  :  b,  m,  c  '^  coefficients,  as  explained 

r    a-  its  least  radius  of  gyration  ;  below. 

/    at  ar^  —   its    least    moment    of  P*  —  load  on  column ; 

inertia ;  _^        P  .^    •     j 

T  -  distance  from  neutral  axis  of  P*  -  —   -   average  umt    load   on 

section  to  extreme  fiber  on  column  * 

concave  ride  of  bent  col;  ^  „  ni^x  unit  stress  in  cross  section; 

L  -  UMupported  length  of  col  (see  ,^  .  elastic  Umit  of  material ; 

J/        '  ^  —  elastic  modulus  of  material  ; 

K  "  —  —  length  ratio,  or  slender-       e    —  eccentricity  of  load,  P;  Fig  5. 
''  f      1 .  ^^   —  deflection  under  load  P  Fig  1  b 

nesB,  oi  col ;  «  m^x  dist  from  line  of  pres  to 

axis  of  col. 

18.  EaleVfl  formala.  Sea  Fig  4.  Let  the  column  be  slightly  bent 
by  a  lateral  force.  Then  the  average  unit  load  p,  which  will  just  suffice  to 
hold  the  column  in  equilibrium,  in  its  bent  condition,  is: 

For  round  ends,  &  —  1;  for  fixed  ends,  b  «  4.  For  one  round  and  one 
fixed  end,  b  is  usually  taken  between  2  ana  2{. 

Under  any  less  load,  or  leas  K,  the  column  will  return  to  the  straight 
condition.  Under  any  greater  load,  or  greater  K,  the  bending  wUl  increase. 
See  US. 

19.  For  ver^  long  columns,  Enler'9  formula,  H  18,  gives  results 
agreeing  well  with  experiment;  but,  for  practical  lengths,  it  gives  excessive 
loads.  See  lines  Ee.E'  t^.  Fig  4.  For  practical  Lengths  (if  the  column  could 
remain  straight  and  axially  loaded),  and  down  to  short  blocks,  we  should 
have,  for  the  ultimate  strength,  jp  —  Pfa  —  s»  <-  elastic  limit,  and  the 
diagram  would  be /&  e  or  /  6^  0^,  fig  4.     See  K  13. 

20.  But,  owing  to  unavoidable  imperfections,  columns  of  usual  lengths 
are  liable  to  lateral  deflection:  and  the  diagram  therefore  falls  below  the  line 
JbV.    See  "Parabolic  Formula,"  1l  28. 

21.  Kanhlne^B  formala  t  for  axially  loaded  columns  of  practical 
lengths.     Fig  2. 

Ab  in  K  17,  let 
p    —  mean  unit  load  on  column ;     ■  ■"  max  unit  stresB  in  cross  seotn  ; 
K  —  Ljr  —  unsupported  length  ■¥■  least  rad  of  gyration  ;  m  —  a  coefficient. 

22.  In  an  axially  loaded  column,  (K  2)  while  unbent,  we  have 

a  -.  p  -  P/o; 

2S.  But,  when  the  column  benda,  an  additional  unit  stress,  «i,  is  thereby 
thrown  upon  the  material  on  its  concave  side  (see  1[  6),  and  we  have,  for  the 
total  unit  fiber  stress,  «,  on  that  side  : 

a  -  p  +  ,j  -  (p/a)   +  «i 

94.  The  bending  moment,  due  to  the  deflection,  d.  Fig  1  6,  of  the  column, 
is  Af  -  P<f . 

*  Undo*  any  given  oondltions,  P  and  p  are  the  total  load  and  the  avge  unit 
load,  respectively,  corresponding  to  the  extreme  fiber  stress,  «.  existing 
under  those  same  conditions.     Thus.  P,  p  and  a  may  be  those  corresponding 


to  ultimate  or  safe  or  any  other  loading. 
tW.  J.  M.  Rankine.  "Civil  En  * 


Sngineering,"  p  623.     "Gordon's  formula," 

«.«.. I,  of  Glasgow,  uses  the  least  diam«f«r.  instead 

of  the  least  radiua  of  gyratxan^  of  the  cross  section,  igitized  by  VvjOO^LL 
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05.    Ab  in  beams,  p  467,  we  have,  for  equilibrium  between  the  bending 
fnoment,  Af ,  and  the  resisting  moment,  R, 

M  ~  R;    or  Pd  -    J;  /. 

MT        PdT        ^dT 
Hence  *i  -  -j ^^  -  P  ^T 

dT  (^     ,    dT\ 

and  «  -  P  +  «i  -  P  +  P  ^  -  '  V  [I  +   -^) 

26.  In  a  beam,  p  481,  for  a  given  fiber  atreaa,  the  deflection,  d.  ia  propoiw 
tional  to  I?IT.     Assuming  that  this  ia  true  of  columns  also,  we  have: 
d  -  m  {UjT) 
Hence, 

»i-  p.  ^J   -  P.^n  ^.-^  -  pmK«;    and 

•    -  p(l  +mK?) (2) 

Henoe,  Rankine's  formiila: 

P  « .  .  1  /QV 

P   "    o    "    1   +  mX'         *    1   +  miP ^"^^ 

/, 


-V 


—  1 

P (3«) 


27-  Ritter*  gives  m  -  «•/(«)  ir^  £^);  and  Crehoref  givee  m  -  «/(b  ^  B). 
For  values  of  6,  corresponding  to  different  arrangements  of  the  ends  of  the 
column,  see  II  18.  ^     ^  ,  ,  ,  .   •  *•  j  * 

For  valnefi  of  s  and  of  l/m,  commonly  used  in  practice,  and  for 
diagrams  of  values  of  p/»  -  l/U.  +  m  iP),  in  columns  of  metal  and  wood, 
eec  Iron  and  Steel  Columns,  pp  li89,  etc.  and  Wooden  Columns,  pp  1143,  eta 

2S.  Parabolic  formala.    J.  B.  Jobnson.t 

»«  —  elastic  limit  of  the  material ;        q  —  a  coefficient. 

Ultimate  strength)    ^  ^   -  s« ^  K»  -  ».-Cr^ W 

Ibe   per   sq    inch,)  '^         a q^E  ^ 

^  .  ^|(^H^C« „ (4,) 

For  values  of  q,  see  Iron  and  Steel  Columns.  H  20,  p  1197.  See  aUa 
Wooden  Columns,  1  6,  p  1146. 

20.    Stralirlit-ltne    formala.    Thoa.    H.    JobiMOii.l     For  the 

sake  of  simplicity,  Mr.  Thoe.  H.  Johnson  proposes,  for  oolumns  ol  praeticai 
tengths,  the  straight-line  formula  : 

Ultimate  strength,  lbs  per  sq  inch  —  P  -  Pla  —  «,—  cX  (6) 

/C  -  («.-  P)lc (5o) 

For  Taluea  of  Ssand  c,  assigned  by  Thos.  H.. Johnson  and  ojthera, 
see  Steel  and  Iron  Columns,  pp  1189,  etc.  and  Wooden  Columna,  pp  1143.  etc. 
The  error,  involved  in  the  use  of  this  formula,  is  probably  muob  Jess  than 
those  inseparable  from  the  nature  of  columns. 

SO.  Fig  4  shows  a  eoin|»artsoii  of  reanlta  by  fomnlaa  «»r, 
and  experiments  upon,  round-end  mild  steel  columna,  as 

foUows:— For  Enler*s  formula,  p  is  that  umt  load,  in  lbs  per  89  inch, 
'hich  will  just  hold,  in  slightlv  bent  condition,  a  column  of  the  given  E 
id  K.    For  the  other  formulas  and  for  Tetmajer's  expenmente,  p 
the  unit  crippling  load,  in  lbs  per  sq  inch. 

*  Dach-  und  Brdcken-Construetionen,  1873. 

t  Van  Nostrand's  Magazine.  1879. 

t  Modern  Framed  Structures,  New  York.  John  Wiley  ic  Sons,  1808.  p  150. 

$  Trans  Am  Soo  Civ  Engrs.  July,  1886,  Vol  15,  p  517. 
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Fiff.  4. 


E  e. 
E'  e'. 
H  K. 
T  L 

i^- 

R  r. 
R  r'. 


Euler.  p  -  n^B/K*; 

Eulor.p  -  w*E/K?; 

T.  H.  JohnaoQ,  straight-line, 


7iP 

uuBOQ,  straiga 

Tetmajer,  straisht-line, 


Tetmaier,  straisht-line, 
J.  B.  Johnson,  paraboUe, 


Formalas. 

E  —  27.000.000  Iba  per  sq  inch ; 
E  -  30.000.000  Ibfl  per  sq  inch ; 

p  -  62,600  —  284  IC ; 

p  -  44.000  —  162  liC 


p  -•  44.UUU  —  io£  A.  :- 
p  -  42,000  — 1.489  i:«;t 
a  -  42.000;  1/m  -  6000; 
»  -  42,000:  1/m  -  8000. 


Experiment*. 


FVom  Tetnu^er  * :  (dimensiona  approximate) 

?16  round  bars,  from  %  mch  to  1%  inches  dCameter. 
102  experiments,   oovering  angles,  4  X  4  ins,  T-shapes  5X2%  ins. 
Channela,  5Vb  X  2)4  ine.  I-beams,  7  X  3^  ins ;  riveted  columns  as  follows:— 
2  angles,  3%  ins :  4  angles,  2%  ins :  2  T-shapes,  3%  X  1%  ins ;   2  channels, 
3^  X  1%  ins.     Each  point  represents  the  average  of  two  experimenU. 

*Mitteilungen  der  MaterialprOfungsanstalt  am  sohweiaerisehen  Poly- 
technikum  in  ZOrich.     Heft  Vnl,  1896. 

1 1.480  -  9^Jw*hB  -  42,000"/(9.87  X  30.000,000  b).  For  round  ends, 
6-4.     Materials  of  Construotion,  p  363.    Compare  Iron  andSteel  Columns, 

1107  Jigitizecl  by  Vj 005^  It: 


d 


1  20,  p  U«7. 
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81.  T.  H.  Jolmson  finds  that,  for  all  tangrents  to  Baler's 
cnrre,  the  oo-ordinates  of  the  point  (aa  h.  Fig  4)  of  tangeney,  are : 

Abfldflsa,  a;  -  Xik  -  \/3tE/»,;       Ordinate,  i/  -  p»  —  9j3  ; 
where  «  —  ir^  =-  9.87.  for  round  ends ;       t  —  (6/3)  w^  —  16.45,  for  hinaer' 
ends,  and  c  «  (5/2)  t>  —  24.67,  for  flat  ends  ;  and  a^  —  the  ordinate  of  tha'b 
point,  H,  where  the  tangent  meets  the  axis  of  ordinatea. 

Mr.  Johnson  takes  E  ->  27.000,(X)0  lbs  per  sq  in.  and  •«  -  52,500. 
Hence,  in  Fig  4,  z  -  123.3,  and  y  »  17,500. 

32.  TetmfOer  jsives  the  following  values,  a/,  for  the  abedasv  of  the  point 
where  his  straight  line  meets  Euler's  curve  : 

E  »' 

Wood 1,400,000         100 

Cast  iron 14.000,000  80 

Wrought  iron 28.000,000         112 

Structural  steel,  soft 30,000,000         105 

Structural  steel,  medium 32,000,000         105 

Hence,  in  Fig  4,  his  straight  line,  T  t,  meets  Euler's  curve,  E*  ef  (not 
tangentially)  at  t,  where  K  —  105. 

33.  J.  B.  Johnson  takes  E  «-  30,000.0(X)  Ibe  per  sq  in  ;  and  his 
curve,  /  y,  is  tangent  to  Euler's  curve,  E'  s',  at  the  point  where  K  —  120. 
For  mild  steel  columns,  with  pin  ends,  he  limits  K  to  a  max  value  of  150. 

84.  Stepped  formnla.  J.  R.  Worcester.  In  view  of  the  wide 
divergence  in  the  strengths  of  columns,  as  found  b:^  the  several  formulas 
and  coefficients  in  use,  and  of  the  similarly  wide  variation  in  the  results  of 
experiments,  Mr.  J.  R.  Worcester  *  considers  it  idle  to  assume  a  different 
value  of  p  for  each  vidue  of  K ;  and  proposes  a  fixed  value  of  p  for  a  certain 
range  of  vidues  of  K.  Thus,  for  compression  members  of  structural  steel  in 
bridges  he  proposes  (K/12  -"  L,  in  feet,  h-  r,  in  incheB) : 

for  X/12  from  2  to  4,  p  -  13.000  lbs  per  sq  inch  ; 

for  iiC/12  from  4  to  6,  p  -  12.000  lbs  per  sq  inch ; 
and  so  on,  with  a  decrease,  in  p,  of  1000  lbs  per  square  inch  for  each  succeed- 
ing increase  of  2  in  the  value  of  X/12.     For  steel  columns,  he  gives  (iC/12) 
>  16.      Mr.  Worcester's  formula  gives  a  "stepped"  diagram,  compQised  of 
horisontal  and  vertical  lines. 

*  Trans  Am  Soc  Civ  Engrs,  Vol  54,  p  417,  June,  1906. 
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Eeeentrie  I^mtUnfr.    Fie  6. 

55.  Hitherto  we  have  assumed  that  the  column  is  axially  loaded  (see 
f  2)  and,  in  considering  inequality  of  distribution  of  stress  in  a  croes  section. 
Via  2,  with  its  resulting  excess  load  on  the  extreme  fibers  of  the  concave 
side,  we  have  taken  into  account  only  that  excess,  «i,  which  is  due  to  the 
defieetion  of  an  axicMy  loaded  column. 

56.  But  it  very  commonly  happens  that  columns  are  (accidentally  or 
intentionally)  eccentrically  loaded ;  and  this  eccentricity,  e,  brings,  upon  the 
extreme  fibers  on  the  side  nearest  the  line  of  pressure,  an  additional  exceaa 
unit  stress,  «2,  Fig  5.  If  the  colimin  remained  perfectly  straight,  we  should 
have  (see  pp  467-8)  «3  -  TM/I  -  TPe/ar»  -  iP/a)(TeM)  -  pTe/r'; 
and  hence,  m  a  bent  column,  (see  £q  2  ,  where  «i  —  p  m  K?% 

s-p  +  Si+si-pd+mKa  +  Y^)   (6) 

and 

"  -  »-i^.^^^' <^> 

r»  TV 

-^-V"  1  '' ^'*^ 

whefe,  asin  K  17: 

p   —  mean  unit  load  on  oolumn ;     e  —  eccentrioity,  Fig  5 ; 

m    —  maximum  unit  stress  in  cross,  section  ; 

K  «  L/r  —  unsupported  length  -i-  least  radius  of  gyration  ; 

T  •«  dist  from  neut  ax  of  sectn  to  extreme  fiber  on  concave  side. 


Flff, 

S7.  As  a  matter  of  fact,  the  deflection  of  the  column,  provided  for  in  the 
term^  K*  (Eqs  6  and  7),  slightly  increases  the  eccentrioity,  e,  of  the  load, 
(see  Hg  5)  and  this  is  neglected  in  the  term  Te/r^.  Hence,  the  fiber  stress,  «, 
given  by  equation  (6)  is  a  little  too  small,  and  the  load,  p,  given  by  equation 
m.  is  a  little  too  great;  but  the  discrepancy  is  ordinamy  regarded  as  negli- 
gible in  practice. 
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88.    For  round  end  oolumns,  #•  BL  ]l[oiieri«ar*  t^Yea 

P 
p  -  -.  - 


1  + 


-v; 


\^E-5pJO) ^^' 


+    p  (TeM  -  5)    \p         ^  r»  ) ^^' 


f  5« 

39.  Let 

M  ^  P  e.  Fig  5,  »  moment  of  an  eooentric  load,  P.  about  c ; 
/    -"  moment  of  inertia  of  oroas  section  ; 
T   »  distance  from  neutral  axis  to  furthest  fiber : 
X  —  I  IT  »  section  modulus  of  cross  section  in  airection  of  bendinc ; 
«a  —  maximimi  fiber  stress  due  to  eccentricity  only. 
Then 

«,  -  M  r//  -  MIX (9) 

40.  With  columns  supposed  to  be  axially  loaded,  the  loading  ia,  in  fact, 
very  generally  more  or  less  eccentric,  and  to  an  unknown  degree;  but  where 
a  load  is  applied  at  a  point  at  or  beyond  the  edge  of  the  column,  as  in  Fig  5, 
the  eccentricity  is  so  ^^reat  that  unavoidable  uncertainties,  as  to  its  exact 
amount,  become  relatively  negligible;  and  Eqs  (7)  and  (7a)  may  be  used 
with  some  confidence. 

41.  If  a  very  lon^  col  be  so  braced  mt  InterTala  as  to  piwent  its 
bending  at  those  points,  then  its  length  becomes  virtually  diminished,  and 
its  strength  increased.  Thus,  if  a  column  100  ft  long  be  sufficiently  braced 
at  intervals  of  20  ft,  then  the  load  sustained  may  be  Uiat  due  to  a  «^"»"» 
only  20  ft  long. 

Cantlonii. 

42.  Cast  iron  columns  are  subject  to  blow  holes  and  to  other  hidden  de- 
fects, and  are  easily  broken  by  side  Mows.  Columns  of  all  kinds  are  subject 
to  jars  and  vibrations  from  moving  loads.  It  very  rarely  happens  that  the 
pressure  is  equally  distributed  over  the  whole  area  of  the  piUar;  or  that  the 
top  and  bottom  ends  have  perfect  bearing  at  every  part. 

4S.  In  column  tests,  exceptionally  high  results  may  oeour  where  the 
conditions  happen  to  approach  the  ideal. 

•  Trans  Am  Soo  Gly  Engrs,  Vol  45,  p  349.  June.  1901. 
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SHBARIN  Q  STRBNeTH. 

Sbearinft  or  detmslon  ocoiira  whea  a  body  is  acted  upon  by  two 
opposite  forces  lo  panllel  and  closelT  adjacent  planes,  tending  to  slide  some  of 
tne  particles  orer  the  others.  In  Fig  1,  the  two  forces  are  (1)  the  downward 
pressure  of  the  welghLW,  and  (2)  the  apward  reaction  of  the  support,  A. 

In  sloirle  aliea^^  Pig  1,  the  snearing  area,  a,  =  the  section  gg.  In  doable 
■liear.  Pig  2,  a  =  gy+oo'^iXffg'  In  rig  8,  a  =  6  X  cross  section  of 
piece;  In  Fig  4  (single  shear),  a  a  section  e  e.  In  punching  rivet  boles, 
a  »  circumference  of  nolo  X  thickness  of  plate. 

In  any  oase^  if  8  »  the  ultimate  unit  shearing  stress,  Shearing  strength  ■■So. 


Ftff.  1 


Flip.  9 


Fiff.  4 


UltliiiAte  vnit  Mtacarliiv  sireaa,  8,  in  fts  per  so  Inch.  The  following 
figures  indicate  the  range  of  values  of  S  in  luetals  and  in  umber. 

MeUla.  Wrought  iron,  85,000  to  55,000;  cast  iron,  20,000  to  80,000;  steeL 
46^000  to  75,000;  copper,  33,000.  «r,.u  *u         .     «    -      a  *v         . 

— »  >     r*— »     »  ^mj  ^^  grain.  Fig  4.    Across  the  grain. 

{Spruce  250  to 600  8,250 

White  pine  "  2,500 

Hemlock  "  ** 

Yellow  pine  4.800  to  5,600 

Oak  400  to  700  

White  oak  . 4^400 

TOBSIOMAIi  STBENeTH. 

Torsion  ocean  when  a  body  is  acted  upon  by  two  couples  or  moments  of 
contrary  sense  and  in  diilbrent  planes.  Thus,  torsion  takes  place  in  a  brake 
axle  when  we  try  to  turn  it  while  its  lower  end  is  held  fast  by  the  brake  chain  ; 
and  in  shafting,  when  it  transmits  the  motire  power  of  an  engine  to  tools.  Sup- 
pooe  snch  a  Ixildy  to  be  divided,  by  cross  sections,  into  layers.  Then  each  lajer 
tends  to  shear  across  from  those  next  to  it.  Hence,  in  order  to  maintain  equi- 
librium, each  two  acUaoent  layers  must  exert,  in  the  cross  section  between  them, 
an  internal  resisting  moment  equal  to  one  of  the  two  external  and  contrary 
torsional  moments. 

B«sistiii(g  momoBt  in  a  circular  cross  section  of  a  cylindrical  shaft.  I/Ct 
P  »  the  torsional  force  of  one  of  ttie  two  external  moments in  pounds ; 

Z  »  its  leverage^  =>  its  disUnce  from  the  axis  of  the  shaft. in  inches ; 

K  *-  P  /  »  external  or  torsional  moment in  indi-pounds; 

T  »  distance  from  axis  to  farthest  fibers,  =  radius  of  shaft in  inches; 

D  »>  diameter  of  8haf^  =  2  T iu  inches; 

S  »  unit  shearing  stress  in  farthest  fibers in  pounds  per  sq  inch ; 

t  a>  distance  from  axis  to  any  given  fiber in  inches ; 

*  a  unit  stress  In  said  giTen  fiber in  pounds  per  square  inch  ; 

a  s  area  of  said  given  fiber iu  square  inches; 

F  a  total  stress  in  said  fiber in  pounds; 

r  ^  resisting  moment  of  Mdd  fiber  about  the  axis in  inch-pounds; 

B  «  intemafresistinff  moment  of  the  entire  cross  section 

:>  2  r  »  sum  of  resisting  momentJi  of  all  the  fibers in  inch-pounds; 

Iy»  polar  moment  of  inertia*  of  the  cross  section 
«■  moment  of  inertia  of  cross  section  about  the  axis  of  the  shaft 
•^Jtfla,^  the  sum,  for  all  the  fibers,  of  fl  a » In  inches. 

*In  any  fignre,  the  polar  moment  of  inertia,  T^,  is  ^  the  sum  of  the  greatest 
and  tlie  least  momenta  of  inertia  of  the  same  figure,  about  two  axes  lying  in  the 
flnre  and  intemotlng  in  its  center.  In  a  solid  circle,  each  of  these  is  a  moment 
of  inertia  about  a  diametor,  and  is  —  w  T«  -i-  4.    Hence^  in  snob  a  (*irole, 


( 
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Then  the  unit  stress,  in  any  given  fiber,  i8«=-8/-»-T;  its  total  stress,  R  ii 
maas  =  &at-^Ti  and  its  resisting  luomeut,  f\  is  =»  F I  =>  8  a  I*  -•-  T.  Foe 
equilibrium,  the  internal  resisting  moment,  K^  of  the  entire  section,  most  be  i* 
the  external  tursional  moment,  M. 


2 M -I- (ir 'l'») ;    M  =  S»T»-i-2;    r  =  SirT«  +  (2 /);    and 

Diameter, D,  -  2T  =  2x\ffp  -  \f^  -  1.72  '^f. 

For  approximate  nltimate  Talaes  of  S,  for  torsion,  use  the 

values  for  shearing,  p  499,  with  safety  factors  from  6  to  10. 

Horse  power  of  shaltinff.  In  one  revelation,  the  force,  P  Ibe,  de- 
scribing a  circle  wllh  radius  =  /  ins,  does  a  work  =  2  v  /  P  inch- lbs,  and,  in  n 
revolutions,  work  =  2  v  /  P  n  Inch- lbs.  If  n  be  the  number  of  revolutions  per 
mintUe,  the  horse  power  is : 

H=:2w;PfH-(12X  33,000)  =  2  ir  M  n  -*-  (12  X  83,000) ; 

or,  since  P  /  =  M  =  R  =  S  Ip  -*-  T,  we  have: 

H  =  S  irn  Ip  +  (12  X  16,500  T) ;    and  S  =  12  X  16,600  T  H  -i-  (w  «  I,). 

In  a  solid  cylindrical  shaft,  !»  =  v  T«  -4-  2.    Hence, 
H  =  S  »  nir  1^  -5-  (12  X  33,000  T)  =  S  w^n  T«  -»-  (12  X  83,000) ; 
S  =  12  X  83,000  H  -i-  (irS  n  T»)  =  12  X  8,843  H  -i-  (n  T»)  j 
»- 821,000  H-i-(I>8  8):  and 

^.          ^        T^       -m      .w    '  il2  X  8,343  H         '/321,O0OH       ^  ' /T 
Diameter,D  -  2T  =  2X  ^' ^ \-^8»—  *  "  Vs^" 

Tlie  biffber  tbe  speed,  tbe  less  Is  tbe  force,  and  hence  the  leas 
is  the  strength  of  shaft,  required  in  order  to  transmit  Skoiven  hon&power;  but 
if  the  speed  is  increased  V  increasing  the  toniooal  force,  the  horse-power 
transmitted  is  thereby  increased  also. 

Example.  Given,  a  wrought  iron  sliaft;  let  S  =  6,000  lbs  per  sq  inch: 
P  =  7,600  lbs;  i  =  10  ins;  M  =  75,000  inch-lbs.  Required  the  diameter,  D. 
Here,  D  -  1.72  X  f  M  -i-  S  =  1-72  X  f  76,000  -!-  6,000-1.72  X  f  12:6  — 
1.72  X  2.82  :^  4  ins.  I^t  the  horse-power,  U,  =  26.  Then  n  »  821,000  H  1- 
(D*  S)  =  821.000  X  25  -*-  (4»  X  6,000)  =  21  revoluUons  per  mlnutei  Checking^ 
D«68XfH^-(Sn)=«8X^25-(-  (6,000  X  21)  -=  68  X  a058  =  tay  4  inohea. 
Rectang^nlar  Sections.  The  foregoing  equations  are  based  upon  tbe 
assumption  that  the  stress  increases  uniformly  from  the  axis  of  the  shaft  out- 
ward. It  has  been  shown  (notably  by  St.  Yenant*)  that  this  assumption  is  not 
applicable  to  square  and  rectangular  sections.  In  a  rectangle,  let  B  =»  the  longer, 
b  ==  the  shorter  side,  and  e  =  6  -4-  B.  Then  8  ==  M  (8  +  1.8  c)  +  (B  6>) ;  and 
P  =»  S  B  63  4.  [(34. 1.8  c)  /].  In  a  square,  with  side  «  ft,  this  becomes :  S  — 
4.8  M  +  b«:    M  =  8  6»  -*-  4.8.    P  =  S  6»  -!-  (4.8  0- 

Tbe  angrle  of  torsion  is  that  described  by  one  of  the  external  torsional 
moments,  relatively  to  the  other.  Within  the  elastic  limit,  this  angle  is  pro- 
portional to  tbe  torsional  moment,  M,  and  (assuming  /  constant)  proportional 
to  the  force,  P.  Other  things  being  equal,  the  angle  is  proportional  to  the  dis- 
tance between  the  planes  of  tbe  two  contrarv  external  moments,  and.  in  a  solid 
cvlindricai  shaft,  is  inversely  proportional  to  D<.  It  is  inadvisable  to  allow 
the  angle  of  torsion  to  exceed  I*'  in  a  length  =  20  diameters,  in  shafts  revolving 
in  one  direction.    In  reciprocating  shafts  allow  still  less.    See  Fatigue,  p  46S. 

Practical  Considerations.  In  many  cases  the  diameter  of  the  shaft 
must  be  made  greater  than  that  reqnfred  by  the  foregoing  formulas ;  as  in  a  long 
haft,  in  order  to  keep  the  angle  of  torsion  within  permissible  limits;  in  fly- 
heel  and  other  shafts,  carrying  considerable  bending  loads  in  addition  to  the 
rslon ;  and.  In  most  cases,  to  allow  for  additional  moments  due  to  alternate 
celeration  and  retardation. 

*See  Treatise  on  Natural  Philosophy,  by  Sir  Wffltam  Thomson  and  Fiet« 
authrie  Tait,  Part  II,  New  Edition,  Cambridge,  1890,  pp  236i  etc. . .^ .p 
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Art.  1.    B[jdrofltatt€9i  treats  of  the  pressure  of  water  and  of  other 
fluids  at  rest. 
At  any  giren  point  within  a  fluid  tbe  preflsnre  Is  equal  In  all 

directions;  and  the  pressure  against  any  point  of  any  surface,  whetiier 
plane  or  curved,  is  normal  to  the  pressed  sarfkee  (or  to  a  plane  tangent 
to  that  surface)  at  tliat  M>int. 

Tiae  Intensity  of  tbe  pressure  is  proportional  to  the  depth  of  the 
point  below  the  water  surface. 

Pressure  airalnst  any  plane  surfSsee. 
Ut 

a  =  the  tfrea  of  the  pressed  surface; 

h  —  tbe  vertical  depth  of  tbe  center  of  gravity  of  the  pressed  surface  below 
tbe  free  surface  of  tbe  fluid ; 

H  =  tbe  total  depth  of  tbe  fluid  ; 

tr  =  the  weight  of  a  unit  volume  of  the  fluid  ;* 

p  =  tbe  mean  unit  pressure  on  the  pressed  surface; 

P  =  the  total  pressure  on  the  pressed  surface; 


FIff.  1. 


Then  tlie  mean  unit  pressure,  p,  Is  equal  to  the  weight  of  a  prism  of 
the  fluid,  whose  base  is  =  1,  and  whose  length  is  =  A;  or 

p  =  Aw; 
and  tbe  total  pressure,  P,  is  equal  to  the  weight  of  a  prism  of  tbe  fluid, 
whose  base  is  =3  a,  and  whose  length  is  =  A.    Or 
F  =  a  htp  =  ap. 

In  tlie  dlairi*<^*ns  of  Figs.  1  and  2,  the  ordinatet  (supposed  to  be  drawn 
from,  and  normally  to,  the  pressed  surftoes  respectively)  represent  tbe  unit 
pressures  (as  in  fbs.  per  sq.  inch,  kilograms  per  sq.  centimeter,  etc.)i  ii»d  the 
area,  opitoeite  any  given  surface,  represents  the  Mai  pressure  on  thai  surface. 
Thus,  in  Fig.  1  (a\  tbe  unit  pressures  at  n.  at  (/,  at  e  and  at  o,  are  represented 
by  n  (=  0),  hj  </  a^y  by  eer  and  by  o  o  respectively;  and  the  totnl  pressure 
ou  no  is  represented  by  tbe  area  nog,  that  on  n  </  by  tbe  area  n  0'  9',  that  on 
</  0  by  the  area  0 g',  and  that  on  o' c  by  (be  area  e  cf, 

Tbe  eenter  of  pressure  upon  any  surface  is  opposite  the  center  of 
aravity  of  tbe  area  representiug  the  total  pressure  u{)on  that  surface.  Thus,  in 
figs.  1,  the  center  of  pressure  on  no^  is  opposite  tlie  center  of  gravity  of  the 

2 
triangle,  n  0  9,  or  at  a  depth,  «f,  =>  —  H,  below  the  water  surface.   See  The  Onter 

of  Pressure,  Arts  8,  etc.,  also  ff  133  etc.,  of  Statics. 

Tbe  bydrostatle  paradox.  For  a  given  depth,  A,  both  tbe  mean  unit 
.iressun  '  "  ' 

of  thee 


pressure,  p,  and  (for  a  given  area,  a)  the  total  pressure,  P,  are  independent 
of  the  quantity  of  water.  Thus,  in  Fig;*.  1,  the  walls  sustain  as  great  a  pressure 
from  a  vertical  film  of  water  only  an  inch  thick,  as  if  tbe  water  extended  back 

•  For  water,  w  ^  about  62.'^  lbs.  per  cub.  ft,  »  about  0.0362  Bm.  per  cub.  loeh. 
37 
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for  miles.  Id  Fig.  2  (6).  the  excess  of  weight  of  water,  over  that  in  Fig.  2  (a), 
is  carried  by  the  lower  slopiog  %oaU  of  the  vessel.  The  total  pressures^  P,  upon 
the  equal  bases,  a  b  and  a'  6',  Figs.  2  (e)  and  (<i),  are  eaual.  la  Fig.  2  (c).  the 
total  pressure  upon  the  base  is  greater,  and  in  Fig.  2  {d)  less,  than  the  weignt  of 
the  water;  but,  in  either  case,  the  algebraic  sum  of  all  the  vertical  pressures  in 
the  vessel  {upward  pressures  taken  as  neaative)  is  »  the  weight  of  all  the  water 
in  the  vessel :  and  the  algebraic  sum  of  all  the  noritontal  pressures  is  =  0. 

Thus,  let  tne  lower  part  of  Fig.  2  (o)  repret>ent  a  cubical  box,  8  feet  on  *  side^ 
and  filled  with  water.  Now  let  the  tube,  n  o,  36  ft.  high  and  of  0.287  inch  bore, 
be  filled  with  water.  The  water  in  the  tube  alone,  although  weighing  only  about 
1  pound,  will  cause  an  additional  bursting  pressure  of  2250  lbs,  per  souare  toot, 
or  say  384  tons  total,  to  be  exerted  upon  the  top,  bottom  and  sides  of  tbe  box. 


Air  preflsnre  on  water  snrfkee.  In  addition  to  the  pressure  of  thf 
irater  itself,  the  tree  surface  of  any  body  of  water  sustains  also  the  pressure  ol 
the  air,  =*  about  14.7  lbs.  per  so.  inch.  This  pressure  (transmitted  through  the 
water  to  the  walls  of  the  vessel)  is  indicated  by  the  disgrnms  (parallelognuus) 
taarked  "air  "  in  Fig.  2  (6).  In  most  coses,  the  pressure  against  a  surface,  due 
to  the  air  pressure  on  the  water  surface,  is  counter-balanced  by  an  equal  pressure 
of  the  air  in  the  opposite  direction,  as  against  the  outer  sides  of  the  waifs  of  the 
vessels  in  Figs.  2,  and  against  the  down-stream  sides  of  the  dams  in  Figs.  1. 

Strictly  sneakinf?,  the  air  pressure,  exerted  directly  against  the  walls,  Fig.  2, 
or  against  the  dams,  Fies.  1,  being  exerted  practicallj  at  the  centers  of  gravity 
of  those  surfaces,  and  therefore  at  lower  elevations  than  the  opposite  pressure 
due  to  the  air  pressure  on  the  water  surface,  is  a  very  little  greater  than  the 
latter.  In  a  dam  100  ft  deep,  this  difference  would  amount  to  about  a027  lb  per 
sq  inch,  =  0.0018  atmosphere. 

Braces  for  dams.  The  water  pressure  being  normal  to  the  pressed  sur- 
tMoe,  the  posta,  Fig.  8,  must  also  be  normal  to  the  surface,  D,  if  they  are  to  receive 


Fig.  S. 

that  pressure  longitudinally  and  thus  avoid  bending  moments;  but  other  con- 
siderations may  forbid  their  being  so  placed.  Thus,  if  the  face,  D,  of  the  dam. 
is  nearly  vertical,  the  posts  would  have  to  be  made  inordinately  long;  and 
their  consequent  weakness,  as  pillars  (unless  made  inconveniently  thick)  night 
more  than  offset  the  advantage  due  to  directness  of  pressure.  Moreover,  the  feet 
of  the  down-stream  posts  would  project  beyond  the  crest  of  the  dam,  and  would 
thus  be  liable  to  Injury  by  Ice  or  Iors,  etc.,  tumbling  over  the  dam. 

Inasmuch  as  the  pressure  increa'ie^  nnlformlv  from  the  water  surface  down- 
ward, the  posts  are  usually  placed  closer  together  near  the  bottom  than  near  the 
top,  although  the  shortness  of  the  lower  ones  renders  them  stronger  as  pillars. 
Similarly,  the  hoops  on  tanks,  if  of  uniform  strength,  are  placed  closer  tosether 
near  tiie  bottom.  o    >        i-  » 
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Hori»Mitel  and  Tertleal  eomponento.  Id  Figs.  1  (b)  and  (e),  the 
force  triangle  (Statics, |f  46,  etc.)  gives  us  the  horizontal  and  vertical  components, 
L  and  Y,  of  the  total  normal  pressaref  P.  Or,  if  n  o  be  taken,  in  each  case,  as 
representing  the  totol  normal  pressure,  P,  by  scale,  then  H  =  the  total  hori- 
xontal  pressure.  In  Fig.  1  (a),  with  pressure  against  a  vertical  surface, 
L  =  P,    and    V  =  0. 

In  Fig.  1  (ft),  the  vertical  component,  V,  presses  (he  wall  downward  against  its 
base;  but  in  Fig.  1  (e)  it  tends  to  uplift  and  overturn  it. 

The  depth,  H,  being  the  same  in  each  of  the  three  figures.  Figs.  1  a,  6  and  e, 
the  vertical  projections  of  the  three  submerged  surfaces  are  equal,  and  hence  the 
total  horizontal  pressures  are  equal  in  the  three  cases ;  but  the  horizontal  projec- 
tion, and  consequently  the  total  vertical  pressure,  vary  with  the  inclination  of 
the  surCaoe.  Thus,  in  Fig.  1  (a),  the  horiaontal  projection  and  the  vertical 
pressure  are  each  =  0. 

Preflsares  In  eableal  and  oilier  weflsels,  tall  of  water.    Let 

F  s»  the  weight  of  water  conuined  in  a  prismatic  vessel ;  and  /  =  -  -  =  the 
weight  of  that  in  a  oonical  or  pyramidal  veaeel  of  the  same  base  and  height. 

F 
In  a  cubical  vessel,  pressure  on  base  »  F ;  pressure  on  one  side  b  . ; 

pressure  on  base  and  four  sides  together  =:F  +  4~  =  8F. 

In  a  conical  or  pyramidal  vessel,  pressure  on  bsse  =>  8/  =  F. 

In  a  spherical  vessel,  total  pressure  =  3  X  weight  of  water. 

Art.  2.  IJneqval  preflaare  In  opposite  direetionn.  In  Fin. 
4,  let  A  0  represent  the  edge  of  a  parallelogram,  wh'ose  top  coincides  with  the 
water  surface,  and  whose  bottom  is  parallel  with  that  surface;  let  a  =>  the  area 
of  that  portion,  vf  o,  which  is  subjected  to  pressure  on  both  sides ;  and  let  H  and 


Figr-  ^• 

h  a  the  Teriical  deptha  of  the  center  of  gravity  of  n'  o  below  the  two  water 
surfaces,  n  and  n'  respectively.  Then,  in  each  Fig.,  the  large  triangle,  n  e  9, 
repreaenta  the  sum  of  the  pressures  of  the  deeper  water  on  the  left  against  the 
entire  wall,  n  0 ;  the  trapezoid,  m  0,  represents  the  sum  =  aKw,  of  the  pressures 
of  the  water  on  the  left  against  n'  0:  and  the  smaller  trianffle,  n*  0  g',  ^  n'  o^^ 
represents  the  sum,  s  a  A  ir,  of  the  pressures  of  the  shallower  water  on  the 
right  against  tbe^ portion,  n'  0.  Then  the  parallelogram,  m  <^'  represents  the 
exeesM  of  pressure,  from  the  left,  against  the  portion,  n'  0.  This  excess,  due  to 
the  difTerence,  H  —  A,  between  the  two  levels,  is  uniformly  distributed  over  n'  0,  (he 
uniform  excess  unit  pressure  being  represented  by  the  ordinate  n'  m  =  q"  q. 
The  total  excess  pressure,  represented  by  the  parallelogram,  m  9^  =  a  H  u*  — 
•  A  «0  s  (H  —  A)  a  w,  is  therefore  proportional  to  H  —  A. 

The  pressure  coming  from  the  rieht  against  the  portion  n'  0,  and  represented 
by  the  triangle  n' 0  <p,  is  balanced  by  an  equal  portion  (represented  by  the 
triangle  n'a9'')of  the  total  pressure,  mo^  from  the  left  against  the  portion 
nfo;  and  the  centers  of  these  two  pressures,  each  being  at  n  depth  =  %  n'  0 
below  n',  are  opposite.  Hence  these  two  pressures  are  in  equilibrium.  But  the 
center  of  the  excess  pressure,  n'  o  from  the  left,  is  opposite  the  center  of  Rravity 
of  the  parallelogram,  n'^.  or  at  trie  center  of  Rmvity  of  n'  0.  Hence  (he  portion 
it'o,  considered  independently  of  n'  n,  is  acted  upon  by  the  unbalanced  force 
»'7,  coming  from  the  left,  acting  through  its  center  of  gravity  and  therefore 
i«nding  to  move  it  bodily  toward  the  right,  without  rotatjpli^ OOQlC 


il  Yl^UUSTATIGB. 


> 


Tbia  will  b«  nnderatood  bj  i 


K  6.  whiob  nay  repr—a t  tvt 


pUnka,  I,  S,  S,  4,  and  5.  formiDg  a  dam,  and  teen  eudwlM:  eMta  on*  1  ft 
In  depib,  and  tay  20  ft  long  hor ;  making  the  ar«a  of  ewsb  aurf  p 
equal  to  20  tq  ft.    The  pre*  in  lb«  agalnet  each  eeparaM  20  aq  ft  o 


^ Jaqf 

ealoalated  by  the  rule  in  Art  1.  ia  abown  in  the  dg.  Now.  ibe  outvard 
prea  againat  the  upper  faiaMraad  tO  ft  area,  or  that  of  plank  S,  ia  S1X5  %m ; 
while  the  oounter-prea  againat  It  from  the  other  aide  Is  8Xi  l»s ;  making 
the  ezeeaa  of  outward  prea  equal  to  81i5  — «2&r:X5M>  fta.  Again,  at  tb« 
loweat  plank,  number  6,  the  outward  prea  exoeeda  the  inward  one  bj 
6625  ~  S1X5  =  2500  Iba,  the  aame  aa  In  the  upper  one.  And  ao  of  anj  other 
equal  area  of  aurf.  at  any  depth  whatever ;  the  exoeaa  depending  npen  the 
Tert  height  of  m  n.  will  be  equally  dlatribnted  over  a  5.  It  only  remaiaa 
.  to  ahow  that  the  total  exceaa  of  outward  prea  againat  a  h.  ia  equal  ia 
amount  to  the  wt  of  a  uniform  oolumn  of  water  with  a  baae  equal  In  ar«a 
to  a  6,  and  with  a  height  equal  to  mn.  Tbua,  we  have  aeeu  that  in  the 
Inaunce  before  oa,  the  ezoeaa  amouuu  to  3  timea  2500  Iba,  or  to  7500  fta. 
Now,  the  wt  of  the  oolumn  of  water  will  be  80  (or  area  of  •  5i  X  m  H(or 
2  ft)  X  62.5  Iba  =  7500  Bm  ;  or  the  aame  aa  the  aseeaa  prea  on  •  5. 
The  exoeaa  of  prea  againat  the  entire  aide  a  6.  «Ter  that  againat  n  e^  m 
•ridently  the  diff  between  thoae  two  preaaurea  calculated  reapectively  by  the  role  In  Art  1. 

Art.  :i.  Siirfoeeift,  Tert,  HBbtne»,auo  t,  Fig  8,  or  otherwise,  of 
eqnal  widths,  b  m,  a  n:  commencingr  at  the  level,  bnnn^  of 
tiie  water,  bnt  extendiiiir  to  dlflT  depths,  tne.no,  measnred 
vert;  and  having  the  same  inellnation  to  th^  snrf  of  the 
water ;  siiwtain  total  pressures  proportional  to  the  squares 
of  those  depths* 

In  Fir  A.  le-i  ihe  two  vert  ctdEat  m  n^t,  and  lme9,ot  %  vvaaal, 

huvR  ttie  Ba,ntx  vidib  a  n.  ami  it  m:  ibca  If  Kbv  d;«|>th  m  e,  be  2,  S, 

4,  h.  ko.  tlmeM  Rrf  Aii*r  than  thi>  liepih  n  a,  the  (»r«a  againat  the  enrf 

h  mpt.  will  Im!  t.  il.  Id.  -J^.  itc.  iliura  ttrckUr  ibau  I  bat  againat  •KOC. 

TbU  will  tK  i^-Q  tiv  i-f^riTrlng  Ed  tbe  [»rviiurF4  6Kiin<d  on  the  left  aid* 

or  l^i^5,  whrn!,  aj  itiiii'il  lu   Art  i,  iLe  oMrf  t,f  r<I<iBk  1.  cxpoeed  to 

ib«  prna  on  [h«  left  tide.  iiWiq  ft:  tbiiL  ■  '  i  !  r,K  >  1  and  2.  Maq  ft; 

Thai  of  plafifc*  K  t,  and  3,  OJ  mi  h,  ike.  uU  oomaMaoe  at 

.^-rik."  at    "^9-1  *^*  '•"''J  ^'f  '^^  ^ai^fi  *»<!  *"  "*'  1^*1'""'  '  »re  ofeonraeat 

y**V  ".  /^^  th#  iDicne!  lacUoatlon  witb  the  wat^r  «:! '  Ir  deotha  are  re- 

'        \  V      B    U      ipeaiJvfk  ],  2,  add  3  ft.     The  pm*  afar  f  of  I .  la  €25  fta : 

N     l*J        "^ "       tii*^  a^alD^t  the  ftarf  of  I.  £,  l«  015  4- 1<  and  that  againat 

^-'^r'  meiarioT  I- 2.  3.  1i  b^a-|-|S7:i+ Hi':  i        OOO  ia/mrtimee 

iS35    \a<\  ^  [ainat  the  entire 

11  ..      .    L  .  dnat  plank  I ;  or 

Tbia  follown,  from  the  Rule  In  Art  1 ;  for  twice  the  area  of  aurf.  mult  by  twloe  the  Tert  depth  of  the 


■nrf  a  h.  (which  ia  5  timea  aa  diKp 
625  X  25  -  15625  Iba  =  the  aum  of  all  % 


oen  of  grav  below  the  surf,  muat  gire  i  timea  the  prea ;  threetimea  the  area,  by  three  timea  the  depth, 
must  give  »  times  the  prea,  ka. 

It  followa,  alao,  that  at  any  particular  pofnf,  or  againat  any  gieeii  area  placed  at  Tarlona  depth*,  the 
prea  will  inoreaiie  Himplj  aa  the  vert  depth  :  tbua.  If  there  be  three  areaa,  each  one  aq  ft.  plaoed  in 
the  same  position*,  but  with  their  centers  of  grar  respectively  8.  16,  and  24  ft  below  the  aurf,  the  pree 
againat  them  will  be  respectively  as  8,  16.  and  21;  or  oa  1,  2.  and  S. 

Art.  4.  The  pressure  of  quiet  water,  in  any  one  riven  di- 
rection, against  any  given  plane  surface,  whether  Tertioal,  boriiontal,  or  inclined, 
ia  equal  to  tlie  weiglit  of  a  prisniNiic  column  of  water,  the  area  of  whose  aeetlon,  parallel  to  iu  base. 
la  equal  to  the  area  of  the  projeciiuu  of  the  given  surfaoe  uken  at  right  anglea  to  the  given  direction, 
and  whoae  height  Is  equal  to  the  vertical  depth  of  the  center  of  gravity  of  the  given  aurfeee  below 
the  upper  aurface  of  the  water.    Hence  the 

RvLB.  To  find  the  pres  in  lbs,  mult  together  thehres 

in  aq  ft  of  the  projection  uken  at  right  anglea  to  the  given  dlrcetiea  ;  the 
vert  depth  in  ft  of  the  oen  of  grav  of  the  preeaed  surf  below  the^pper  aurf 
of  the  water :  and  the  conatant  62.5  Iba  wt  of  a  cub  ft  of  water. 

Kx.  L«t  m  c  f  It.  Fig  7,  be  an  inclined  surf,  susulnlnc  the  prea  of  water 
which  is  level  with  its  top  m  e.  Then  the  Mai  prea  againat «  e  a  »,  and  at 
rlRht  anglea  to  It.  aa  found  by  the  rule  In  Art  1,  ia  an  illnatrattan  of  the  prea- 
ent  rule;  because  the  prelection  of  mcaa.  taken  at  right  angles  to  the  Klven 
direction,  or  parallel  to  m  c  a  ».  la  In  fcot  m  e  «  «  ItaelT.  or  equal  to  Ik  Henee 
the  rule  In  Art  I  is  merely  a  simple  modifleation  of  the  prearat  one,  eppli 
cable  to  the  ease  of  total  prea  againat  any  aurf. 

But  if  It  l»e  reqd  to  find  only  the  vert  or  downward  pres 

arainst  mean,  in  pounds,  mult  together  the  area  of  the  hor  projection  o  «c  » 

In^q  ft ;  the  vert  depth  In  ft  of  the  oen  of  grav  of  m  c  a  n  below  the  aurf;  uid  «2.&,    Or  If  only  the 

hor  prea  against  m  c  a  n  be  sought,  mult  together  the  area  of  the  vert  prqfeotion  #  «  *  •:  th«  rmrt 

depth  of  the  oen  of  grav  of  m  e  a  »;  and  62.6. 


Soping  side,  aa  as  a  t «.  Pig  T.  U  «i 


In  Fig  8  also,  the  totnl  pres  again«t  9fgh\*  found  br  rule  in  Art  1 ;  while 
the  Aor  and  vert  pressures  against  It  are  found  as  In  Fig  1,  by  using  the  pr>id«»- 
tlons  a  /H,  and  high.  In  Fig  7  the  vert  prea  la  downward :  while  in  Pig  8 
It  la  upward ;  bnt  thu  cirenmatanee  In  no  reepeot  aUbeta  the  mle. 

Maau  1.  At  any  given  depth,  tbe  prea,  perp  to  anv  given  aurC  ie  the  aame 
In  all  direotlona ;  but  FIga  7  and  8  ahow  that  the  total  pree  ohUftt*  to  a  given 
aurf  will  be  lesa  than  the  perp  one  at  the  aame  depth  :  becauae  aa  oMIqae  pr» 
Jectlon  of  a  serf  must  be  Veaa  than  the  aurf  Itaelf.  wbick  laat  la  the  prqfeeti'V 
when  the  prea  la  perp  to  It.    Thua,  In  a  reservoir,  the  total  prea  perp  to  a 


fc^Mto  either  the  vert  or  the  hor  pi 

■'igitized  by 


'CSTO^le 
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AffAin,  let  Fig  9  reprewnt  n  eonlMil  Teasel  tall  of  water; 

Hi  bttae  bc,t  rKtiam:  iu  wrt  iMisht  a  n.  S  ft;  ili«u  tlie  elrcttnif  of  Uw  b»»e  will  be 
6.XBU  ft:  U«  am  of  tlw  base  S.UU  aq  ft;  the  Irui^ta  of  Its  sImiI  aide  •  fr  or  a  c,  S.16 

ft;  tbe  STM  or  iu  earv«d  •ImoUng  tides  wul  be  ^•^°°*  ^  *'^*  =  ».W  tq  rt;  mud  the 

vert  depth  of  the  oen  of  gnw  nf  the  ilMitiiig  aldM  will  to  U  t«o-thlrda  of  the  vert 
height  <t  It  rn»m  thf  apex  «,  or  3  fu 

Uere.  to  Dud  the  total  pre*  agaliiet  the  base,  we  have  hj  rule  ia  Art  1,  S.14ie  X  < 
X  tt5  =r  aw.os  lb*.  Ker  the  total  pre*  agaiuat  the  alant  sidea,  bjr  the  same  rule, 
V.8S  X  <  X  6:1^  =  1241. to  lbs.  Vor  the  vert  pres  upward  against  the  entire  area  of  the 
alaat  sides,  we  have  given  the  area  or  the  base  (which  is  here  the  hor  pno|)eetloa  or 
the  slaat  aldcn)  =  3.1416;  and  tlie  vert  depth  or  theoen  or  grav  oT  the  slant  sides,  7  ft.  Therefore, 
3.1416  X  2  X  «U.&  =  W1.7  lbs,  the  upward  vert  pres. 

KiuaJlj,  for  the  bor  pres  la  aujr  given  direotion  against  the  slant  sides  of  ons  hnlf  of  the  oone,  w« 
have  the  vert  pnOecthiD  or  that  hair,  reprcaantrd  bj  ibe  triangle  •  &  e,  with  iu  base  2  ft,  and  iu  perp 
iMigbt  3  n ;  and  oonsaqaeuUj,  with  an  area  or  S  sq  fL  The  depth  of  iu  «oo  of  grav  it  S  ft:  tharaibMb 
8  X  2  X  tX.^  =  S75  »•,  the  rM|d  hor  pree.* 

la  Kig  10,  which  nspreMau  a  veesal  fall  of  water,  the  fofal  pre* 
against  the  seuiexiiMlrieal  sarf  m9»mdk,  and  perp  to  it,  mast  be  ^  X 

also  hor,  because  the  surf  is  vert ;  but  inasmneh  as  the  surf  is  curved, 
this  total  pna.  as  foaud  by  rule  la  Art  1,  aets  against  It  in  manj  di- 
reetioBa,  whieh  might  be  represanted  bv  an  iufluite  number  or  radii 
drawn  from  •  a«  a  oeotar.  Bat  let  It  be  reqd  to  And  the  hor  prea  in 
Ba,  in  one  direetien  oalj.  ny  parallel  to  e  e.  or  perp  to  a  rf ;  which 
woold  be  the  rercc  teodinf  to  taar  the  enrved  surr  away  rrom  the  flat 
4dcs  •  6  H  V.  and  d  c  «  ft,  by  prodaclng  flmctarea  along  the  linea  m  « 
and  d  ft ;  or  whieh  would  trad  to  burst  a  pipe  or  other  ejIiDd». 


I  eaae,  unit  together  the  area  of  the  vert 


IB 


irt  pn4cetlon  a  d  ft  v  in  sq 
ved  snrf  In  ft ;  (which,  ia 


.0 

ISM 


y.L, 


ft  t  the  depth  of  the  oRn  of  grav  of  the  enrved  snrf  In  ft ;  (which,  ia 
the  aeni-evlinder  would  be  half  or  «  m.  or  or  o  f ;)  and  62.&.  Sioeo 
the  raaalitiig  prea  la  rcaisted  eqnally  by  the  atreagth  or  the  veaael 
along  the  two  iinea  a  e  and  d  ft;  it  la  plain  that  eaoh  aingle  thickneaa 
along  thoae  iinea  need  only  be  aullleient  to  rcaist  aaTelr  put  ha{f  oT  it ; 
■ad  ao  in  the  eaae  or  pipea,  or  other  cylinders,  sneb  as  hooped  eistens 
«r  tanks.   Sea  Art  17. 

Shoald  the  pres  against  only  one  haU  or  the  onrved  anrf,  as  e d mft 
to  aoagfat,  and  tn  a  direetton  parallel  to  o  d.  tending  to  produoe  frae- 
tarsa  Uxoag  the  lines  a  m,  aad  d  ft,  then  use  the  vert  projection  o  •  m  < ;  with  i'le  same  depth ;  and  6tft 


Kg-IO 


It  follows,  that  ir  the  feee  or  amaUUlo  piatoa  to  mads  mamm  m  motsz,  do  more  pr«s  will  to  reqd 
»  force  the  piatoa  ttooach  aay  dUt,  thaa  ir  it  wcra  dat:  for  th#  pias ogataat  the  fsee  of  the  pMoa, 
In  tto  direction  in  whieh  it  movea,  must  to  measured  by  the  area  of  a  prqjeotlon  of  that  faoe,  takea 


k  throach  aay  dUt,  thaa  if  it  wcra  i 

I  whieh  it  aw vea,  must  to  measured    .  .    , 

at  right  aagica  to  said  direction ;  and  the  area  or  aald  prqieeiloa  will  to  the  same  in  all  three  oases. 

Rn .  2.    If  »  bri€i((e  pier,  or  other  foiistriictioii. 


Wk$s  lO  U,  l»e  fonnded  on  wnid  or  irravel,  or  od  any  kind  of 

fbnadation  taroagh  w 

sheet,  then  the  unwan.  r 

to  lift  Iu  with  a  foree  eqnal  Co  the  wtof  tho  wator  dlapfainidby  th«  pier;  (Arts  18, 


iroagh  whioh  water  mat  flod  iu  way  ondcnicath,  even  in  a  very  thia 

sheet,  then  the  upward  pres  of  tto  water  will  tato  elTrot  npon  tto  pier ;  and  wifl 
to  lift  Iu  with  a  foree  eqnal  Co  the  wt  of  tto  wator  dlapfaif«d  by  tto  pier ;  (Art 
U».  In  other  words,  (to  eflbetive  wt  of  the  awftmeryed  portion  or  tto  pier, 

will  to  redaced  iSH  fta  per  mih  ft:  or  nearly  tto  half  of  tto  ordinary  wi  of  masonry. 

Bat  if  the  fonndfaion  be  on  roefc,  covered  with  a jAjer       J\tf  |0^ 

of  coneat  to  prevent  tto  iuailration  of  waUr  beneath  the  ""^"^ »"  "«^f  *«* 
will  to  pr«iaird ;  hut  an  the  contrary,  the  vert  pnra  do wn ward,  afforded  by  the  tot.  ^m,,.,  . 

(ering  aides  of  the  pier,  and  bv  It*  olltou.  will  tend  to  hold  U  down,  and  thna  Inonaao  its  sUUUtj ; 
whieh.  In  quitt  water,  will  then  actually  to  greater  than  on  land. 

Art.  5-  To  divide  a  rectanifMlar  •nrff, 
whether  vert  tm  abed,  or  inclined  m 
m  ft  o  p,  Fiff  11,  whoM  lop  a  b  or  tnn  is 
level  with  the  Morf  of  the  water,  by  a 
hor  line  at  2,  liiieh  that  the  total  pres 
acalnst  the  part  above  said  hor  line, 
shall  e^nal  that  a«ainst  the  part  be- 

%mM.    MaUoaahair«rth«lcttflhorke,or«sj».satheoai« 
ma/be,  by  the  osasuab  aamber  1.4141;  tto  prod  will  to  &  2, 

"'£.**  Let  ft  es  IS  ft.    Thoa  6  X  1.4142  =  8.4852  ft ;  or  i  1. 
LsCsapsUfl.    Ttoa8X1.414»=U.813eft.orm«. 

BakT  Tbs  Itah  m  8,  (kw  foaad,  nasi  Aol  to  oeufoaadad  with 
Ifcaeeao/pres.  whioh  Is  eoUrelydlff.  i^ee  Art «.  »       ^  . 

Art.  6.  In  a  reetan«nlar  snrf.  whether  vert  as  a  bed,  or  In- 
el Ined  Ml  m nop,  Fi«f *  1.  whose  top  a  fr  or  m n  coincides  with 
SeSTrfofthe  water,  to  And  any  nnnilM>r  <»f  points,  asl,2,  Ac, 
thMsA  which  If  hor  lines,  as  1  *,  2x,  Ac,  be  drawn,  they  will 
dind?the7iVen  snrf  Into  smaller  rectangles,  all  of  which 
shall  snstain  eqnal  pressnres. 

»-.  -  wi.^  fl«  <m  the  Dumber  of  small  reoiangles  reqd.  Thea  ror  point  1  ft^m  the  top.  mult  the 
«£Kl."ru.ta«S.toJyiwlai.  Tatotto^rtofltoprod.  M  ult  this  sqrt  by  the  enUre  length 


•  In  a 


sphsro  flJJ-a  with  a  fliUd  the  total  inside  pre*  «  3  timei  wt  of  fluid. 
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r8.iaft=»S. 


&  e  or  MP,  u  the  east  may  be.  Dlr  the  prod  bj  the  aomber  ef  reotea^ee.  The  qnet  wiU  b«  Ike  4iel 
i  1,  or  fi  1,  M  the  case  may  be. 

For  the  diat  6  2,  or  m  i,  proceed  in  preolMljr  tbe  lame  waj;  oalj  inetcad  of  the  namber  1.  n*  the 
number  3  to  be  mult  bj  tbe  number  of  reoianglea:  and  eo  use  snooeMiiTel;  the  numbera  S,  4,  6,  4e, 
if  it  be  reqd  to  fled  that  number  of  points. 

Ex.  Let  6  c  =  10  ft ;  aud  let  It  be  reqd  to  find  S  pointa,  1  and  S,  for  diridiug  the  reetaacular  aaif 
mhcd  into  3  reetancular  paria,  whioh  ahall  suttain  equal  preeaurei.    Here  we  hare  for  point  1, 

1X8=8.    The  sqrt  of  3=1.732.    And  1.73S  X  10  (or  &  e)  =  17.SS.    And  j_lI'^L_=6.T78fl=»L 

For  poiut  2,  we  hare 

2X3  =  8.  Theeqrtor6=3.4tt.  And2.i48X10(or  ft  e)  =  14.tt.  And 

And  eo  for  any  number  of  pointa. 

Ruf.  1.  This  ral«  will  be  foand  aseftal  In  spacing  the  eross- 
bars  of  locic-irates ;  the  h4M>|Mi  around  cylindrical  cisterns ; 
and  the  profis  to  a  structure,  like  Fig  S. 

Kmm.  2.  For  dividinir  any  surf,  as  o  ft  e  ci.  Tig  12,  which  is  not 
rectanirular,  in  the  same  manner, 

with  an  aoouraey  ■nffloient  for  moat  praocieal  pnrpoeea,  per- 
hapa  the  following  method  ia  aa  eonvenlcut  aa  any. 

Rdlb.    Firat  dir  the  aurf.  aa  In  Fie  12.  into  aereral  aaaB 

hor  paru,  eq— '  or  ^ot  nt  p]ritvTire+    Tbes  by  Role  !•  Art  I, 

Ond  the  prea  -r.|.  ,r^ul;r,  «#  ii  iUfijMBa  u»  nm 

done  in  toe  o  -  l  u^nd  at  ib«  Di.  Tbe  eDH  fif 

tbeae  (in  thi  <   l-  ih--  iut*i  prea  e«dan  t^ttutlr* 

aurf  ob  c  d.     ^"  '^  fiyix^m}  wi.'  wUb  Ut  dlt  Lbii  mrf  la  4  parti 

bearing  equal  i<rrit^  Ant  Mw  ib&lQ  by  4=:3678.    T|»m  bafis- 

'  lAiltl    l«felJ3i!T  m  BaiUbet  of  Uto  a«pu-Hta 

ri   "<  tiiiDanl  Ui  3S7»;  by  MOj  ««■&>  flb4 

I    Hritb  Ibt  hddlitlpa  oeai  ^h*  aqn 

■T  7Ut,  wtilcb  wLtl  JbdkSKi*  |Kii«t  2 ; 

I  riiiJ  poibL  3n  by  addiDff  np  u<  ihrtw 

'  Pt(^ linear  ' 
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I  ii'j  a  Lba  bor  d«tM  lluea  ruled  ti)r«4a«a 
1 1  LI  fif  c  ib«  raqd  dlf  Ul«na  apiifnxbBacety, 
<"  iKxjpi  of  c^aieali,  aud  olbcr  abepei  tw^ 
aela,  may  be  -ta^n^I  iieariy  cnciugb  for  i^rartleaJ  jvarpttaea. 


polnu  1.  2,  aiK 
In  ihia  manri.^ 


Art.  7.  The  transmission  of  pressure  through  water.  W^- 
ter,  in  common  with  other  fluids,  possesses  the  important 
profierty  of  transmlttlnir  pres  equally  in  all  directions.  Thm, 

anppoae  the  veaael,  Fig  13,  to  be  entirely  eloaed,  and  iilled  with  water; 


anppoae  the  veaael,  Fig  1  .  .    .     

and  auppoae  the  tranarerae  area  of  T.O,  D,  and  R,  to  be  e 

eq  iooh.  Then,  if  by  meana  of  a piatoa,  or  otherwiae,  apraa eC  1  p.l 


Flff.13. 


I  equal  to  one 

ton,  or  any  other  amount,  be  applied  to  the  one  aq  la^  e^  area  of  T.'c, 
D,  or  R,  every  aq  tnoh  of  tlie  inner  aurf  of  the  veeaal.  aad  of  the  ptaea, 
will  ioaUntly  receive,  at  right  aaglea  to  Itaelf.  aa  equal  pree  of  I  A.  or 
1  ton,  te :  in  additloD  to  the  prea  whieh  it  befbre  anetidaed  ttfm  tke 
water  Itaelf;  and  thla  will  occur  if  the  veaael  oonatat  of  parte  evea  mtlae 
aanader ;  aa,  for  ioatanoe,  if  T  were  milea  diatant  fTom  B :  and  uatied 
to  it  by  a  long  aeriea  of  tubea.  If  the  veaael  were  a  atroag  ateam  boiler 
ftall  or  water,  a  aingle  prea  of  a  Afw  hnudred  ponada  at  T,  C.  *e,  would 
buret  it.   See  aiae  Pig  2  («)  and  paragraph  above  It. 

The  hydrostatic  press  acts  on  this  prin- 
ciple.   Any  body,  within  the  Tem«l,  would  also  TtK»i%'^ 
an  equal  additional  pree  oa  each  aq  Inoh  of  ita  aurf. 

If  the  top  of  T  be  open,  the  air  will  preaa  upon  the  eq  Ineh  of  the  expoeed  earf  of  water  to  tho  eneat 
of  nearly  15  Iba ;  and  the  aame  degree  of  pree  will  alao  be  tranamitted  to  everv  aq  Ineh  of  the  taiarior 
aurf  of  tbe  vensel.  and  ita  conneotlog  tubea;  but  no  danger  of  burating  will  reeuU  fTom  thla  auno* 
Bplwric  prea,  beoauae  tbe  air  alao  preaaea  every  aq  inoh  of  the  outaide  of  tbe  veaael  to  the  aame  extent. 

Air,  and  other  vaseous  fluids,  transmit  pres  equally  in  all 
directions,  like  liquidfl ;  but  not  as  rapidly. 

Art.  8.    The  center  of  pressure.    Let  Fig  14 

repreaent  a  veaael  full  of  water,  and  auppoae  the  aide  P  to  be  perfbetly 
looae,  ao  aa  to  be  thrown  outward  by  the  alighteat  prea  of  the  water  flrnai 
within.  Now,  there  la  but- one  aingle  point,  P,  in  every  aurf  ao  preeaed. 
no  matter  what  Ita  ahape  may  be.  to  whioh  If  we  apply  a  foroe  equal  to 
tbe  prea  of  the  water,  and  In  a  direetlon  oppoalte  to  aald  prea,  the  eMe  P 
win  be  thereby  prevented  from  yielding.  Sueb  point  ia  eallcd  the  ea»> 
ler  of  prtatwru  It  muat  not  be  aaderatood  by  thla  that  the  aetaal 
amount  of  prea  of  the  water  againat  that  part  of  tbe  aurfbee  whioh  la 
above  the  hor  dotted  line  paaaing  through  P.  ia  equal  to  that  of  the  water 
below  aald  line ;  but  that  the  anm  of  the  produeta  of  the  aeveral  preaeana 
above  it,  mult  by  their  aereral  leveragea,  or  vert  diata  fkttm  P,  la  equal 
to  the  aum  of  the  prodoota  of  the  preaaurea  bvlow,  mult  by  their  lever, 
ages :  or,  in  other  wordn,  that  the  aum  of  Uie  moaienCa  around  the  point 
P,  of  the  preaaurea  above  the  line,  ia  equal  to  the  aum  of  the  moaimla 
Piff.  14.  of  thoae  beluw  it ;  ao  that  If  a  hor  iron  rod  h  h  were  paaeed  entirely 

through  the  aide  P,  at  the  aanif*  level  aa  the  dotted  line,  aa  abown  ia  the 
If,  io  aa  to  larve  aa  a  hinge  for  the  aide  P  to  tnra  on.  the  aide  would  have  ao  tendaaey  to  tara. 
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Awtm  ••  To  Had  the  een  of  pros  of  m  4«ie$ 
ilnid,  •Saimt  a  plane  svrAice.    Fig  15. 

1.  TiM  flcater  of  preMura  of  •  qaM  flold  acalMt  auj  dIaim  inrflMt 
vhoM  width  U  aalferni  throMgboat  lu  depth,  whether  Mid  kurraee  be 
Tertleal,  as  •  o,  or  looUncd,  m  e  a.  (or  ineJined  In  the  oppoitte  direetloa :) 
■od  wboM  top  e,  or  «,  ooinoldea  with  the  hor  w«(er  earf;  b  dirtant  wmt 
betow  klM  waiM*  MUf,  two-thirds  of  the  vert  depth,  •»,  tnm  said  water 
earf  to  the  bottom  of  the  place ;  aa  at  n  and  i.  liaaaniieh  ai  a  hor  Una 
at  9i  of  the  depth  of  «  »,  ioleraeete  both  e  a  and  e  o  at  K  of  their  teagtha 

^^  might  nj  at  onoe  that  the  eeuter  of  prea  against  a  puMM 

,  wltb  lu  top  at  the  water  surfhoe.  Is  at  tvo-thlrda  of  Its 


pafaUelegram,  wltb  lu  top  at 
laDgth  below  the  water  avrnee. 


Fig.  15. 


Throuxhoat  Art  9  mnj  measure*  aa  yard,  foot,  or  Inoh 
dbCiinay  oe  used. 

&    Bat  If  the  hor  top  a,  or  o,  Fig  IS,  Of  the  reeungular  plane  «f,  ar 
pft.  na  eovered  to  some  depth  with  water,  then  the  rert  depui  s  ai,  aC  tha 
aaa  aT  pias  rf,  ar  e,  below  the  sorr  of  the  water,  wUl  be  aqoal  ta 
•    .     eabe  of  «  e  —  a«be  of  «w 

wbaaa aa  la  the  vart  depth  of  the  betiom,  and  s  w  the  rert  depth  of  the 

top.  of  the  pr eased  sarf.  below  the  water  sorf.    Or,  in  words :  From  the 

aoaa  of  ee,  take  the  eobe  of  s w;  and  oall  the  rem  a.    Then,  from  tha 

'    w;  and  anil  the  rem  (.    Diva  by  ft, 

99%. 


sqnare  of  s  e  —  sqaare  of 

D 

I.  of  tha  pr eased  sari 

MoT  se,  take  the  et 
aqaaia  of  «  e.  take  tha  sqaara  of  «t 
Bad  taka  isM-thlrda  af  tha  4«ol  for 


Tiff.  16. 


8.  Whan  a  plana  anrf  of  any  shape  wbatsrer,  whether 
raetasgnlar.  trfancniar,  or  drcular,  to;  whether  rert  aa 
op,  Fig  17,  or  iMlloed  as  asm.  is  sMilrrfy  fmaietved.  so  as  ta 
ha  praaaad  over  tha  entire  area  of  hef*  sides :  bat  hj  difg 
dtpau  of  water  on  Its  two  sides ;  then  the  ecn  of  pres  aoia. 
ablss  with  tha  cell  ^rw*  of  the  preesad  surf. 


la  thaSCsrivelng  flgarea  the  sa 
adflawlaa,  so  that  their  widths  da 


4.    In  any  trIaBfalar  plane 
tharwiee.  aa  a6e.  Fig  16:  wh< 


Rff.  17. 


ker  righvaaglad.  or    ^^ 
>r  IneUned ;  the  huf    ^ 


aft  of  whteb  aotaaldas  with  the  hor  snrf  of  tha  water;  theaan 
af  pras  a,  wlU  be  In  theaeniar  of  tha  Una  er,  whleh  Msaeu  tha 
baaaaft. 

Ol  Bat  If  aa  triangle,  as  a  s  c.  Tart,  er  laallnad,  hava  ita 
asca. «.  at  the  sarf  of  the  water ;  and  lu  base  s  e,  hor ;  then  the 
aes  of  pres  z.  will  ateo  be  in  tha  Una  a  at  whleh  blsaoU  the  base : 
tatacwillbaMefaak 


e.  Ifaii7planatrlaa^afte,Flf  19,  basevp,  t 
•  ft  aorared  to  some  depth  «d,  with  water:  then 
be  in  tha  Uaa  ««  whiah  Maaots  the  base;  and  »a  a 


ms*  -f  (Irna  X  ma)  -f  8ma« 
Ona  +  lata)  X  1. 


7.  ThaeeatarofpreaagalBatnnr 
plaM  raeiMywIar  aarlhoe.  Fig  W. 


pa,  er  wx;  harlag  iu  top  ooineidtng 
with  tha  sarf  of  the  water;   and 
■isastd  by  dlff  depths  of  water  oa     _ 
iia  apposlta  sUea,  as  shown  In  tha    "^ 
flg:  wlU  ba  ««rt  below  the«vpar 


Flff.ga 


("yp^or:ywV'x^^)"(en'ry»^o,';^«><^*^)"('y         ^) 

U^'pt.'^^ir.  X  »-V^**»)  -  (onT:?e'^o,'S^sx  X  ^^  '»•> 
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8.  To  find  the  center  of  meesare  agftinst  dtber  a  circular  or  an  elliptie  aun 
face,  pi-essed  on  one  side  only  ;  whether  vertical  or  inclined ;  and  having  iu  tofi 
eii  bar  coinciding  with  the  surface  of  the  water  or  below  it. 
iMi  A  =  the  verticiil  depth  of  the  center  of  pressure  below  the  water  sarikce. 
r  »  the  yeriical  or  inclined  Mmi-diaiueter  of  the  surface. 
tl  :=  tlie  vertical  disUuoe  of  the  oew/er  of  the  pressed  surfaoe^  below  tht 
water  surface. 
Then 

In  a  werttcal  elrel«»  with  top  at  water  sarfluse,  A  « 1^  X  fmUiu. 

Art.  10.  Walls  for  resisting  tiie  preMvre  of  qviet  water* 

A  study  of  our  remarics  on  retainiug.walls  for  eart  li,  pp.  tfOS,  etc.,  will  be  of  ose  in 
this  connection.  It  is  of  course  assumed  that  the  water  does  not  find  Its  war 
under  the  wall ;  and  that  the  wall  cannot  slide.  In  making  calculations  for  walu 
to  resist  the  pressure  of  either  earth  or  water,  it  is  convenient  to  assume  the 
wall  to  be  but  one  foot  in  length  (not  height,  or  thickness);  for  then  the  num- 
ber of  cubic  feet  contained  in  it,  is  equal  to  that  of  the  square  feet  of  area  of  its 
cross-section,  or  profile;  so  thnt  these  square  feet,  when  multiplied  by  the  weight 
of  a  cubic  foot  or  the  masonry,  give  the  weight  of  the  wall.  In  ordinary  caae^ 
it  is  well,  for  safety,  to  assume  that  the  water  extends  down  to  the  very  bottom 
line  of  the  wall. 

Now,  by  Art  1,  the  total  pressure  of  quiet  water,  against  the  rectilineal  back  of 
a  wall,  whether  vertical  or  sloping,  is  found  in  lbs,  by  multiplying  leather  tlM 
area  in  square  feet  of  the  part  actually  pressed,  (or  in  contact  with  the  water;) 
half  the  vertical  depth  of  the  water,  in  feet,  (being  the  vertical  depth  of  the 
center  of  gravity  of  a  rectilineal  back,  below  the  surface);  and  the  couatani 
62.5  fi»;  and  this  total  pressure  is  alvfuji  perpcHdicular  to  theprened  t 


~    — ^ — s 

ol'\ 

I 

t  T 

0      < 

Fl 

s    a 
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When  the  back  of  the  wall  Is  vertical,  as  In  Fig  20W,  this  preanre  p  fa  oT 
course  less  than  when  it  is  battered ;  and  is  also  horizonUu;  and  It  tends  (oover* 
throw  the  wall,  by  making  it  revolve  around  its  outer  toe,  or  edge  L  The  center 
of  pressure  is  ut  c;  es  being  %  the  vertical  depth  on;  in  other  words,  the  entire 

f>ressure  of  the  water,  so  far  as  regards  overthrowing  the  wall  as  one  mass,  may 
>e  considered  as  concentrated  at  toe  point  e:  where  it  acts  with  an  overthrowing 
leverage  1 1.  The  pressure  in  Bm,  multiplied  by  this  leverage  in  feet,  gives  the 
nwment  in  foot-lbe  of  the  ovorturuiug  force.  The  wall,  on  the  other  hand,  resists 
in  a  vertical  direction  ga^  with  a  moment  equal  to  its  weight  (supposed  to  be 
concentrated  at  its  center  of  gravity  tf),  multiplied  by  the  norizoutal  distanee 
a  /,  which  coustitutes  the  leverage  of  tlie  weight  with  respect  to  the  point  /  aa  a 
fulcrum.  If  the  moment  of  the  water  is  greater  than  that  of  the  wall,  the  latter 
will  be  overthrown ;  but  If  less,  it  will  stand. 

In  Fig  21  the  overturning  moment  of  the  water  is  equal  to  Its  calculated  pres- 
sure p  X  its  leverage  1 1 ;  while  the  moment  of  stability  of  the  wall  Is  equal  to 
its  weight  X  its  leverage  a  t.  By  aid  of  a  drawing  to  a  scale,  we  may  on  this 
principle  ascertain  whether  any  proposed  wall  will  stand.  For  we  have  only  to 
calculate  the  pressure p,  then  apply  it  at  e,  and  at  right  angles  to  the  back ;  pro- 
long it  to  / :  measure  tl  by  the  same  scale.  Then  calculate  the  weight  of  wall ; 
find  its  center  of  gravity  o  ;  d  raw  g  a  vertical,  and  measu re  the  leverage  a  I,  We 
then  have  the  data  for  calculating  the  two  moments. 

If  the  water,  instead  of  being  quiet,  is  liable  to  waves,  the  wall  should  be 
made  thicker. 
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Fig.  23. 


Fig.  24. 


%rU  11.  To  find  ibe  thickness  at  iMMe  of  a  wall  reanired  to  b« 
safe  against  overturning  under  the  pres  of  quiet  water  level  with  Its  top,  and 
pressing  against  iu  entire  vert  back.    CTantlon.    See  Art.  18. 

(Iflt)  Tertieal  wall.  Fig  22. 

Thickness      Height ,,     /   Factor  of  safety  •       Heiffht      the  proper  decimal 
in  feet    -  in  feet  X  \  s  X  sp  grav  of  wall  *"  *"  «««*  ^  *"  following  Ubte 


(9d)  Rifflit  anvled  trlanvnlar  waU,  Fig  28. 

Thickness     Height         I   Factor  of  safety  •        Height  ^  the  proper  decimal 

?i  flirt     "  *°  ^^^      V2^X»PgraTofwall  "  »°  '^^^  ^  i«»  (SUowing  Ubla 

—  thickness,  mo,  of  Tertieal  wall  X  1.226. 

Notwithstanding  their  greater  thickness  at  base,  such  triangular  walls  con* 
tain,  as  seen  by  the  fig,  not  much  more  than  half  the  quantity  of  masonry  reqd 
for  vert  ones  of  equal  stability.  This  is  owing  to  tlie  fact  that  their  cent  of 
grar  is  thrown  farther  liack;  thtis  increasing  the  leverage  by  which  the  wt  of 
the  wall  resists  overthrow. 

(Sd)  Wall  with  vertical  hack  and  sloping  fl»ce.  Fig  24. 

Tl'Jckness^     f  (Ht«  ft  X  factor  of  safety  *)  +  (batter  A  n«.  ft  X  ep  gray  of  waM) 
*n  fe^         '  3  X  specific  gravity  of  wall 

B  Height  in  feet  X  the  proper  decimal  in  the  following  table. 
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Art.  12.    Table  showlnip  how  th«  atablllty  of  a  wall  snsu&in- 
Inur  water  ia  affeeted  b^  a  chanipe  in  tiie  form  of  the  wall « 

the  qUMiiiiiv  uf  mH8<iiiry  reiiiainiuff  the  Kaiiie.  Rkm.  When  the  l4k»e  of  a  iri- 
aaguiar  whII.  of  sp  gnv  2,  i^  less  than  1  the  ht,  the  iitabiliiy  to  greatest  wht-n 
the  water  preaaes  the  vert  side;  but  if  the  base  exceeda  ^  the  ht,  the  BtabllUjr 
k  greatest  with  the  water  on  the  baUered  side.    Caatlou.    See  Art.  la. 


All  thcae  walla  eontalu  precisely  the  aame 
qnantity  of  maaonry.    The  masonry  is  supposed 

to  b«  mortw  nibMe,  wdgbiog  125  »•  per oobio foot;  or  Iwloe  u  maeh 
M  water;  or  about  tb«  same  ••  ordiaary  roagh  morUr  robble.    It 
tbe  tp  gr  of  the  maMiiry  is  actoallj  greater  or  lesa  than  thia.  the 
Mfetj  alao  will  be  greater  or  leaa.  in  preeiaelj  tbe  nne  proportion. 

Baaein 

waU. 

• 

Vertical  wall 

A 
.56 
J» 

jm 
jm 

.7 

.75 

.55 

.8 

.«X5 

J67 

.7 

.75 

.6 

,1 

.75 

.881 

1.5 

Pace  rertionl :  back  batters  one-tenth  height. 

1.8 

••      '    ••         "       one-flflh        •*      

1.S 

"         "          «•         •«       one-fourth    "      

U 

one-third      "      

••         M           "         •«       fonr-tenthe  **      

S.6 

4  • 

"         "          ••         «•       one-bair        "      

14  0 

1.8 

10 
11 

oneOrth       •'      

"         ••       one-fourth    "      

••         ••           »•         ••       one-third      ♦•      

1.1 
8.4 

13 

S.6 

"         "           »•         "       one-half        **      

S.9 

•  ^ 

Buck  an4  fSoe.  each  batter  ooe-ten(h  bright. 

1.8 

16 
17 
18 

"       one-afth       ••      

"         ••           "         "        ooe-fonrth    "      

"         "           "         "       onethird      "      

•«         •*           •«         "       fonr-tenthe  *' 

8.4 

4.6 
8.0 

88  jt 

.  13.'  JLIabllltjr  of  wall  or  foandatioM  to  ervah  aiuler 

uneqaal  diatribntlon  of  preaaure.  Arts  11  and  12  applv  only  to 
t  'e  MtabUiiy  of  a  riffid  wall  reittiDg  upon  a  riot'd  base,  and  therefore  incapable 
»f  Cailure  except  bp  overturning  as  a  whole.  They  show  that  the  UabUuy  is 
greatest  when  the  water  presses  against  tbe  slopina  side.  But  in  practice  the 
point  where  the  rehultant  of  all  the  presaurea  on  the  base  of  tbe  wall  cuts  the 
base,  must  not  be  so  near  to  either  toe  as  to  endanger  a  cnuhing  of  wall  or 
of  foundation.  Ttiis  consideration  often  makes  It  l>est  to  let  the  water  press 
against  ilie  vert  back,  notwithstanding  the  consequent  loss  In  stability. 
Art.  14.  Fig.  2-5 shows,  to  scale,  a  dam  wall  at  Pooua,  India,  doigned  by  Mr. 
,  rife,  G  £.,  of  England.    It  is  of  mortar  ruoble,  of  ISO 

rbX  lbs  per  cub  ft.  its  total  Tert  height  is  100  ft;  thicknesa 
uv  at  base,  60  ft  9  ins:  at  top,  rx,  13  ft  9  ins.  The  front 
ru  slopes  42  ft  in  100  ft;  and  the  back  xv,  5  ft  in  100  ft. 
Its  foundation  is  7  fe^t  deep;  bitl  we  itere  assume  that 
the  water  presses  agaioat  it3  m/ire  back  xv.  Through 
tlie  cen  of  grav  G  draw  G«  vert.  From  c,  where  the 
direction  of  tlie  pres  Pof  the  water  strikes  G<,  lay  olT 
en  by  scale  =  139.6  tons  (of  2240  lbs)  waicr  pres  sgainst  1 
ft  in  length  of  xv;  and  cl  =  249.4  tons  wt  of  1  ft  length 
of  wall.  Complete  the  parallelogram  cnmt  of  forces. 
-^  Its  diasr  em  npresents  the  resultant  of  all  the  pressures 
^7  upon  the  base  Mv,aiid  cuts  the  base  at  a, 20  ft  liack  from 
the  toe  «.  Doing  the  same  with  the  lftl.4  tons  presji 
ngainbt  rt«,  we  get  the  rexnltant  oy^  which  Is  greater 
than  em,  and  cuts  the  base  (at  i)  only  12.7  ft  from  tbe 
t«»e  V,  or  7.3  ft  less  than  a  is  from  m. 

Hence  when  the  water  pretwes  sgainst  xv  ike  wall  is 
less  liable  to  fracture  or  crusliing,  and  the  earth  foun- 
dation uv  Is  more  evenly  loaded, and  hence  less  lisble  to 
yield  nnequaJly  so  as  to  cause  cracks  in  the  wall.  On 
this  account  zr  is  made  the  back  of  the  wall,  although 
the  moment  of  stability  of  the  wal!  is  then  only  2.2  (calling  the  oTertnrning 
moment  of  the  water  1),  while  if  the  water  pressed  agalnatrw  it  would  beS,or 
M  per  cent  greater. 
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Art.  15.  The  polDts  a  and  «,  Fig  25,  are  called  centers  of  preasmre 
upon  the  base,  or  centers  of  reeistanee  of  tlie  base.  If  similar  poiiita,  as 
d  and  «,  be  found  in  the  same  way  for  other  lines,  as  /A,  by  treating  a  part  (as 
rxhf)  of  the  wall  as  if  it  were  an  entire  wall;  a  slightly  curved  line  joining 
these  points  is  called  the  line  of  preaenre.  Thus,  6a  is  the  line  of  pres- 
■ure  when  the  water  presses  against  »v.  Each  point,  as  d,  in  A  a,  shows  where 
any  joint,  aa /A,  drawn  through  that  point,  is  cut  by  the  restultant  of  all  the 
forces  acting  upon  said  joint,  bi  is  the  line  of  pres  when  the  water  presses 
against  r u.  These  lines  do  not  show  the  direelian  of  the  result auta.  Thus,  at  a, 
the  latter  is  em,  not  6  a.  The  angle  between  the  direction  of  the  resultant  and  a 
line  at  right  angles  to  the  bed  or  joint,  must  be  less  than  the  angle  of  friction 
of  ttie  materials  forming  the  Joint.  ,  , 

If  from  the  end  m  or  y  of  the  resultant  of  the  pressures  upon  any  joint,  we 
Iraw  in2  or  y/  hor,  then  e 2  or  o 2  (as  tbe  case  may  be)  measures  the  entire  eerl 
pres  on  that  joint:  and  m2  ory/  measures  the  Aor  pres  against  the  itack  of  the 
wail,  which  tends  to  cause  sliding  at  the  same  joint.  If  tbe  direction  of  the  re- 
mltant  comes  within  tlie  limit  stated  in  the  preceding  paragraph.  jn2  or  yl  will 
be  leas  than  the  frictional  resistance  to  sliding,  which  last  is  «»  o2  (or  ol)  X  the 
coeflT  of  friction  for  the  surfaces  forming  tiie  joint.  Hence  sliding  cannot  take 
place.  Sliding  neTsr  oocnra  in  the  masonry  of  walla  of  ordinaiy  forms.  Good 
mortar,  well  set  aide  to  prevent  slidinir,  bat  it  is  better  not  to  rely  upon  It  Bat 
entire  walls  have  slidden  on  slippery  fbandationa. 

Art.  16.  In  Callfernla,  abont  1860,  were  built  dams  of  dry 
rough  stone,  founded  on  rock.  Height  70  ft ;  base  90  ft ;  top  6  ft ; 
hor  spread  of  up-stream  slope  70  ft;  of  outer  slope  14  ft.  Stone 
laid  with  some  care  by  hand,  except  a  core  of  about  one-fifth  of  the 
mass,  which  was  roughly  thrown  in.  Water  slope  covered  with 
8-incli  plank,  laid  hor  on  12  X  12  inch  stringers  built  into  the  stone 
work.  Cost  about  $3  per  cubic  yard.  G.  H.  Mendel  1,  Report  on 
projects  for  San  Francisco  water  supply,  1877,  page  18. 

Art.  17.  To  And  the  thlekneM  of  m  cylinder  to  resist  aafdy  the 
pressure  of  water,  steam,  Ac,  against  its  interior.    If  rireted,  see  next  page. 

Wliere  the  thleknem  Is  leas  tfinn  one-tblrUetb  of  tbe 
nMllne»  aa  k  is  in  moet  cases,  the  usual  formula 

-,^  Tlilckneee  pressure      ^x— ^i-.* 

(1)  ininchea     -  safe  rti^ngth   X  radius^ 

Is  employed.    It  regards  the  material  aa  being  subjected  only  to  a  direct  tensile 
Btrala,  whleh  ia  saffldently  correct  in  such  thin  shells. 

For  oomewlMt  irrenter  preMinres  and  tlilekneMiea,  Professor 
F.  Reoleaiix  (Der  Konstrukteur,  p  02)  gives 

^^      Thlekneaa         pressure      /,  .  preasnre        \  ^  ^ai^* 

W  in  inches      "  safe  strength  I'  "^  2  X  «afe  strength  j  ^  ^*^'°^ 

Wvwwmrj  irr«nt  pr 


2  X  safe  strength/ 

,   . ^ tlileltnemee,  as  In  hydraulic 

ureases,  cannons,  ^  Professor  Beuleaux  (Konstrukteur,  p  S3)  gires  Lamp's 
Ibmiala: 

ThlekneiMi 

W)  in  Inches     ^  y  ^  ^^^  strength  —  pressure 

The  three  ibminln  givo  results  as  follows^  pressures  and  strengths  in  ftw  per 
•quarvlnchi 


V  \  8af(B  strength  —  pressure        /  ^ 


pftpiAtAr. 

Badlus. 

Pressure. 

Safe 

tensfle 

strength. 

Tkleknens,  inehes. 

Formula  (1).  Formula  (2). 

Formula  (8). 

m 

10  Inches. 

m 
m 

8M 
8000 

imoo 

<« 

•05             .050125 
M              .5125 

5.00              6.25 

.518 
7.S2 

Tbe  thMnesses  glveii  by  the  fbrmuln  appropriate  to  the  sereral  pressures  are 
pHnted  In  lieatry  tjrpe.    It  will  be  seen  that  in  these  cases  the  results  differ 
but  aUghtly,  except  fbr  very  great  pressures. 

•  In  an  three  formntetake  tb* mdfat «i inMas^and the  pressure  and  strength 
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Rem.  2.  Wan  t  of  un tformlt  j  In  tlie  eoollny  of  thick  castings  makci 

them  proportiooaUj  wMker  than  ttaic  oaes,  ao  that  in  order  to  reduoe  thieknen  In  inp«rtaBt  omm 
«•  sbould  use  ontj  best  iron  remelted  3  or  4  time*,  bj  which  mean*  an  nit  coheaion  of  aboat  SOOM 

tbs  per  sq  inch  mar  be  secured,  liui  even  with  thia  precaution  no  rnle  will 
appljr  Nnfely  in  practice  to  cast  cjllndera  whose  thickness  exceeds  either 

about  8  to  10  ins.  or  the  inner  rad  however  amall. 

Under  a  pres  of  8000  lbs  per  sq  inch,  water  will  oome  thron^b  cast 
Iron  8  or  10  ins  thick ;  and  under  but  250  B>b  per  sq  inch,  through  JR  inch. 
Table  of  IhlekneAses  of  slnirle-rlTeted  wroniplit  iron  pipes. 

tank*.  aUndpipe*.  he,  by  the  abore  rule,  to  bear  with  a  aafetr  of  6  a  quiet  preeanre  of  lOw  ft  hand 
of  water,  or  4»4  lbs  i e-  aq  inob  ;  the  ult ooh  of  fair  qualitT  plate  iron  beinc taken  at  4WuO Iha p«r  aq 
inch,  or  at  8000  lb*  for  a  aafeiy  of  6 ;  which  U  farther  reduced  to  8000  X  .56=  «480  fte.  to  allow  ter 

weakening  by  rivet  holes;  for  slnKle«rlweted  cyls  have  but  about  .56  of  the 
strength  of  the  solid  sheet;  and  don ble- riveted  ones  about  .7.  With  the 
above  pres  and  other  data,  the  rale  here  ieadi  to  thiokneea  =  .1016  X  inner  rad  in  las. 


Di. 

Ths. 

Dl. 

Th*. 

Dl. 

Ths. 

Di. 

Ths. 

Dl. 

Ths. 

Dl. 

Dl. 

Ths. 

Ins. 

In*. 

In*. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

.Ft. 

Ins. 

.6 

.085 

5 

.254 

16 

.81.1 

SO 

1.62 

60 

8.05 

120 

10 

6.09 

1.0 

.051 

6 

.805 

18 

.914 

8S 

168 

66 

8.35 

182 

11 

«.7« 

1.6 

.078 

8 

.406 

20 

1.016 

86 

1.88 

72 

8M 

144 

12 

7Jl 

2.0 

.102 

10 

.608 

22 

1.117 

42 

2.18 

84 

4.27 

192 

16 

9.75 

f.O 

.152 

12 

.609 

24 

1.219 

48 

2.44 

96 

4.88 

240 

20 

12.19 

4.0 

.206 

14 

.711 

27 

1.S71 

54 

2.74 

106 

5.49 

288 

24 

14.83 

For  a  less  bead  or  pressure,  or  for  any  safety  less  than  6,  It  Is  safe  ai.i 
near  enough  In  praetlos.  to  reduce  the  thiokneas  of  wrought  iron  ojis  In  the  same  proportion  as  s^l 
head,  pres,  or  safety  is  less  than  the  tabular  ono. 

Donble*ri  voted  oyllnders«  Fairhalm  says,  are  about  1.26  times  as  strong 
as  single-riveted.  Hence  they  may  be  one-fifth  part  thinner.  Ijap-weldeci 
ones  are  nearly  1.8  times  as 'strong  as  slngle-riyeted ;  and  hence  may  be  only 

.56  as  thick. 

Many  continuous  miles  of  double- riveted  pipes  in  California  have 

oeen  in  oae  for  jears  with  saOetvs  of  but  2  to  2.6.  In  one  ease  the  head  is  1720  ft,  with  a  pi«s  of  T4e  lbs 
per  sq  inch ;  diam  11.5  ins ;  thickness,  .84  inch. 

CJast  iron  city  water  pipes  must  be  thicker  than  required  by  forraola 

il),  in  order  to  endure  rough  handling  and  the  eflfects  of  **  waier-ram  ** 

due  to  sudden  stoppage  of  flow,  see  second  Rem,  p518),  and  to  provide  against 
rregularity  of  casting  and  the  air  bubbles  or  voids  to  which  all  castings  are 
more  or  less  liable.  In  the  following  table  the  ultimate  tensile  strength  of  cast 
iron  is  taken  at  18,000  lbs  per  square  inch.  Column  A  gives  thickneasM  bj  Mr. 
J.  T.  Fanning's  formula  (Hydraulic  Engineering,  p  454). 

Thickness )  ^  (pres,  lbs  per  sq  in  + 100)  X  bore,  ins      j^^  /       bore,  insX 
in  inches  /  .4  X  ultimate  tensile  strength    "  +  •«»  \*  loo      / 

These  correspond  with  average  practioe.  The  addition  of  100  lbs  to  the  pres  ta 
made  in  order  to  allow  for  water-ram.  Column  B  gives  thicknesses  by  fbrmuls 
(1),  taking  coefllGient  of  safety  a-  8  (thus  making  safe  tensile  strain  •»  2259 

lbs  per  square  inch)  and  adding  three-tenths  Ok  as  inch  to  tach  thickness  given 
by  the  formula: 


Head  in  feet   SO 


100 


800 


500 


1000 


Pressure, 
B)s  per  sq  in 

21.7 

43.4 

86.8 

180 

217 

484 

Bore,  ins. 

Thiekness  of  pipe,  in  Inebes. 

A 

B 

A 

B 

A     B 

A    B 

A 

B 

A      B 

2 

M 

.81 

.87 

.32 

JSS    M 

.89    .86 

.42 

.40 

A&     JSl 

8 

JS7 

.81 

.88 

.83 

M    .85 

.42    .40 

.45 

.45 

M     M 

4 

JSd 

jn 

.40 

.84 

.42    .88 

.45    .42 

M 

J50 

j61      .72 

6 

A\ 

4» 

.43 

.86 

.47    .42 

.50    .48 

jn 

.60 

.75     .94 

8 

.45 

.84 

.47 

.88 

.52    .47 

.57    JSS 

.66 

.70 

.90    1.15 

10 

.47 

.85 

.50 

.40 

.56    JH) 

.62    .60 

.74 

.81 

1.04    tM 

12 

,49 

.86 

.53 

.42 

.60    M 

.67    .66 

.82 

Jl 

U8    IJff 

18 

165 

JB8 

.60 

.46 

.70    .62 

.79    .77 

.98 

1.10 

L46    2.00 

18 

.67 

.89 

.68 

.48 

.74    .65 

.85    .84 

1.06 

1.21 

1.80    2Jm 

20 

.61 

.40 

.67 

.60 

.79    .68 

.91    .90 

1.15 

1.31 

VnS    2.50 

24 

.66 

.42 

.73 

JSS 

.87    .77 

1.02  1.01 

1.80 

1.51 

2.03    2.84 

80 

.74 

.45 

.83 

.59 

1.01    .89 

1.19  1.19 

155 

\M 

2.46    8.47 

86 

.82 

.47 

.98 

.65 

l.lS  1.01 

1.86  1.87 

1.80 

2.12 

2J8    4.11 

48 

.98 

M 

1.18 

.77 

1.42  1.24 

1.70  1.78 

2.28 

2.78 

8.7S    6.88 
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T»Me  •f  UilekiicMi  of  leiMl  pipe  to  bear  internal  pressures  with  a 
ibCkj  of  •:  taklac Um  Blttmate  oobMioa  of  terndftt  1400 lb«  per  tq  Ineh. 

ReBk  Although  these  thicknesses  are  safe  sgainstquiet  pressures.they  might  not 
wit  ■hoolii  onwrt  by  too  wdden  oloalag  orttop-oodks  afalDii  roDBtag  wMar. 


HaMlflinFaet. 

1 

3 

Heads  in  Feet 

1 

100  1   aOO       MO   1    400         BOO 

lOO       900   1    900       400         600 

£ 

Free  In  lbs  per  sq  Inoh. 

Free  in  Iba  per  sq  inoh. 

1 

43.4  1  86.8       IM       174    1     SIT 

1 

43.4      86.8  1    IM        174     1     217 

Thlokneas  in  Inefaea. 

Tbiokneee  in  Inohea. 

■u 

.OM 

.066 

.060 

.128 

.171 

1 

.102 

.221 

.357 

.611 

.682 

i 

.088 

.0B3 

.ISi 

.102 

.SM 

IH 

.127 

.276 

.447 

.680 

.863 

i 

.061 

.111 

.170 

.06 

.841 

IH 

.163 

JS2 

.636 

.767 

1.02 

^ 

.004 

.188 

.128 

.910 

.427 

IH 

.178 

.387 

.626 

.806 

1.20 

s 

.07C 

.106 

.168 

J88 

.612 

t 

.204 

.442 

.714 

1.02 

IM 

JOM 

.1» 

jm 

.447 

.M7 

Bern.  The  valTes  •f  waler-plpee  must  be  closed  slowly,  and 

the  necessity  fbr  this  precaution  iooieaflea  with  their  diams.  Otherwise  the  sud- 
den arreoUog  or  tlie  monMatani  or  the  ranntDg  water  will  create  a  great  preesore  agaiaet  the  pipe* 
Id  all  dlreedMis,  aad  tbroagkoat  their  eutlre  length  behind  the  gate,  even  If  It  be  manj  miles ;  thua 
'   I  their  bunting  at  anj  point.    Henoe  atop-gatee  are  ahat  bj  aorewa. 


Fl«.  86. 


Art.  18.  Baojanej'.  When  a  body  is  placed  in  a  liquid,  whether  it  float 
or  siulE,  it  erideDtJy  displaces  u  bulk  of  the  liquid  equal  to  the  bulk  of  the  im- 
mersed portion  of  the  liody ;  siid  the  body,  in  both  cases  aud  at  any  depth,  and 
iu  any  position  wbaierer,  is  buoyed  up  by  the  liquid  with  a  force  eauai  to  the 
weiglit  of  the  liquid  so  displaced.  Ibiis,  if  we  immerse  entirely  in  water  a 
piece  of  cork,  e,  c,  Fig  26,  or  any  body  of  lees  specific  grarity  than  water,  the 
cork  will,  by  its  weight,  or  force  of  gravity,  teud  to 
descend  still  deeper;  but  the  upward  buoyaut  force  of 
the  water,  t>eiug  greater  than  the  downward  force  of 
gravity  of  the  cork,  will  compel  the  latter  to  rise.  In 
this  case,  the  cork  receives  a  total  downward  pressure 
equal  to  the  weight  of  the  vertical  column  of  water 
above  it,  shown  by  the  rertical  lines  in  vessel  1 ;  and 
a  total  upward  pressure  equal  to  the  weight  of  the 
column  sbowu  in  vessel  2.  The  difference  between 
these  two  columns  is  evidently  (from  the  figs)  equal  to 
the  bulk  of  the  cork  itself;  therefore  the  diiference 
lietweeu  their  welghu  or  pressures  (or,  in  other  words, 
I  be  buoyancy  of  the  water)  is  equal  to  the  weight  or 

pressure  of  the  water  which  would  have  occupied  the  place  of  the  cork;  or,  in 
other  words,  of  the  water  which  is  displaced  by  the  cork.  This  difflsrenee,  or 
buoyancy,  will  plainly  be  very  nearlv  the  same  at  any  depth  whatever  of  entire 
immexaioo.  it  mcreases  slightly  with  the  depth,  owing  to  increase  in  the  density 
of  the  water:  but,  on  the  other  hand  It  is  diminished  by  compression  of  the 
oork.  Now  the  eoik,  if  left  to  itself,  will  oontinae  to  rise  until  a  portion  of  it 
reatAes  above  the  anrfsoe.  as  In  ressel  8.  Ttie  downward  pressing  column 
then  ceases  to  exist;  and  tne  cork  is  pressed  downward  only  by  its  own  weight. 
But,  as  it  now  remains  stationary,  the  upward  pressure  or  the  water  must  be 
equal  to  the  weight  of  the  cork.  But  the  unwnrd  pressure  of  the  water  arises 
only  from  the  shaded  column  shown  in  vessel  3;  and  this  cohinin  in  (as  in  the 
ease  of  total  ininiersion)  equal  to  the  bulk  of  water  displaced,  'i  herelore,  in  all 
eoMS,  the  Ixioyancr  is  equal  to  the  weight  of  water  displaced  ;  and  when  the 
body  is  in  equillbiinm,  whether  at  or  below  water  level,  the  buoyancy,  or  the 
weight  of  water  displaced,  Is  also  equal  to  the  weight  of  the  body  itbclf. 

If  the  body  be  of  a  substance  heftwler  than  water,  its  weight  is  greater 
than  the  buoyancy  of  the  displaced  water,  and  the  body  therefore  sinks,  with  a 
force  equal  to  the  difference  between  the  two.  Thus,  a  cubic  foot  of  cast  iron 
weighs  450  lbs.,  and  a  cubic  foot  of  water  62.5  lbs.,  so  that  the  iron  sinks  with  a 
force  of  4.50  —  62.5  =  887.6  lbs.  .... 

The  same  principle  applies  to  other  flaids.  Thus,  light  bodies,  such  as 
■moke,  a  balloon,  etc.,  in  air,  all  tend,  like  a  cork  in  water,  to  fall ;  but  the  air, 
being  hesvfer,  crowds  them  out  of  the  lower  positions  which  they  tend  to  assume, 
and  pushes  them  upward.  .  .  . .    ^«.     «    w.i 

Although  a  pound  of  lead  and  a  pound  of  feathers,  weighed  in  the  air,  balance 
eSM^h  other.  ydTiii  a  vacuum  the  feathers  will  ontwe  gh  the  l«id.  by  «  much  as 
tbe  balk  of  the  air  displaced  by  them  outweighs  that  displaced  by  the  lead. 
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The  dowDwd  force  of  gnr  nmy  be  regarded  m  opncMitratad  at  tbe  oea  cf 

gray  O  of  a  floating  body.  The  upwd  pree,  or  buoy  ancy.f  of  the  water  may  similarly 
be  regarded  as  acting  at  the  cen  of  gr  W  of  the  displaced  water.*  W  is  also  ealled 
the  eenter  of  pressure,  or  of  baoyaney,  of  the  water;  and  a  mt  line 
drawn  through  it  is  called  the  axis,  or  vertical,  of  buoyancy,  or  of  flo- 
tation.  Ordinarily4  W  shifts  its  position  with  every  change  in  that  of  the  body. 
Thus  in  L  it  is  at  the  cen  of  gr  of  the  rectaugle  oobb;  and  in  M  at  that  of  the  tri- 
angle aav. 

When  a  floating 
body,  L,  P  or  R,  is  at 
rest,  and  undisturbed 
by  any  third  force, 
as  F,  it  is  said  to  be 
In  eqaillbrlnm, 
and  U  and  W  are  then 
In  the  same  vert  line 
1 1  Figs  L  and  R,  or 
seFigP;  which  line 
is  called  the  axis, 
or  vertical,  of 
eoiilllbrlaiii. 

when  a  third  force,  g  as  F,  in  N  and  O.  cansea  the  line,  joining  O  and  W.  to 
lean,  as  in  Figs  N,0  and  S,  then  if  a  vert  line  be  drawn  upwd  front  the  cen  W  of 
buoy,  the  point  M  where  said  line  cuts  said  axis,  is  called  the  metacenter  of 
the  body.jf  G  and  W  arc  then  uo  longer  in  the  same  vert  line  \X  and  the  two  opp 
and  vert  forces,  grav  and  buov,  acting  upon  those  points  respectively,  form  a 
*^XKipIe"  and, when  the  third  force  F  is  removed,  th^  no  longer  bold  the  body  in 
equilib,  but  cause  it  to  rotate.  If  (as  in  Figs  O  and  8)  the  positions  of  G  aoa  W 
are  then  such  that  the  metacenter  M  is  above  the  cen  of  gr  G,  this  rotation  will  tend 
to  retlore  the  body  to  Us  former  posUion,  and  the  bodj  is  said  to  have  been  (before 
the  applioation  of  the  third  force  F)  in  stable  eqnlllbrlani.f  But  if  (as  In 
N)  M  is  beiowG  the  direction  of  rotation  is  such  as  to  upgot  the  bodv,  by  causing 
it  to  depart  further  from  Us  former  potUion,  and  the  body  is  said  to  have  been  in 
unstable  eqailibrinm.| 


Th«  teadenej  or  moment  In  ft-lbi  of  m.  floating  bodjr  either  to  upeei  or  to  right  itaelf,  la. 


.  the  wt  of  the  body  (or  the  cqaal  v>  (*»•  b«r  dist  between  W  M  nad  Q  H. 


upwd  pres  of  the  water)  in  V 


Fige  N.  U  and  S,  la  ft. 


The  third  foroe  F  may  of  ooaree  be  ao  great  ae  to  overpower  the  teadcno^  of  the  body  to  richt  lfe> 
self.  Thai,  a  ship  may  npset  in  a  hurricane,  althoagh  Jadleiooaly  loaded  aad  ^tiT'r*  Ihr  ocdIiMij 
wind*.    A  bor  section  ^r  a  body  at  water-line  ia  ealted  its  ptaae  of  BotallMk 

*  The  body  Is  in  fact  acted  npon  by  other  forces,  such  as  the  bor 

presRurea  of  tbe  water  agatnat  ita  immeraed  portiona ;  but  as  all  of  these  In  any  one  given  dlreetkiD 
are  balanced  by  equal  ones  in  tbe  opposite  direction,  tb^  have  Doeflhet  npon  the  Ibroea  G  aad  W. 
It  ia  alao  acted  upon  by  the  air,  which  preanea  it  downwsrda  with  a  foroe  of  14.76  Iba  per  sq  Ineh :  bni 
this  ia  balanced  by  an  equal  prea  of  the  anrroundlng  air  upon  the  snrfaoe  of  the  water. 


t  Thin  buoyancy  Is  made  np  of  the  parallel  upwardpressures  of  the 
Innumernhlo  vert  filaments  of  the  displaced  water  as  shown  by  Fig  26,  and 

the  axis  of  flotatloH  ia  their  reaulunt,  as  In  the  case  of  paralle)  fbroee. 


I  The  shape  of  abody  (aa  tha»of  a  enhereor^llnder  U)nay  beswjfathattlMposltleaerftBeMSl 
buoy  W,  relatively  to  that  of  ita  oen  of  gr  O,  la  not  ohanged  by  the  rotation  of  the  body  abemt  a  givaa 
axia  (aa  anv  axis  of  tbe  aphere  or  the  tongittutinal  axia  of  tbe  eyl)»  but  remains  eonstantly  in  the 
same  vert  line  with  O,  ao  that  the  body,  in  rotating,  remaina  in  equilib.  Such  a  body  it  aaid  to  be 
in  Indifferent  tNiullibrlnni  about  said  axis.  But  if  a  cyl  U  be  made  to 
rotate  abont  ita  tranwera*  axia  *  c,  it  plainly  eomea  nnder  tbe  remarks  on  Figa  R  and  8,  and  may 
Owfore  rotadntr)  be  in  either  stable  or  nnaiable  equilib  abont  that  axia  aoonrdlng  to  the  vaj  in  whJob 
lU  wt  ia  diatrtbuted. 

I  Tbia  metacenter  staifta  Ita  poaltion  on  tbe  line  ( t  according  to  the  Inclination  of  tbe  latter. 

{ 17ne¥en  loadinitr,  inotead  of  a  third  force,  may  cause  a  vessel  at  rest  to 
lean  aa  at  P ;  and  yet  tbe  veaael  ao  leaning  m^y  be  In  eqnillb :  for  Its  axis  «  «  of  eqnilib  mav  he  vert, 

although  not  coinciding  with  the  axis  of  symmetry  of  the  vessel,  aa  It  does  a| 
1 1  In  L. 

1 1n/ooCtof  bodlee.  this  may  eomecimes  (as  In  Pigs  R  and  S)  be  the  ease  even  wh«i  tke  ««•  ff 
Istoy  w  (not  the  metaeenier)  ia  (alow  the  een  of  gr  O ;  beoanae,  when  the  body  la  foroed  to  tas.  « 
myss  la  saiifcii  1 1  Ini  t>  %  nod  this  psiat  aey  he  aneh  ae  in  hrin«  M  ahevo  tf.  Visal«Mab#f« 
G  in  bodtea  of  uniform  density,  floaiitiK  at  rest.  If  any  part  of  the  body  m  abova  vrater.  When  aneb 
bodiea  areentirelv  aubmerged,  W  and  O  oolnoida. 
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Art.  19.  A  body  lighter  than  wat«r.  If  placed  a« 
the  bottom  of  »  veosel  ooatoininir  water,  will  not 
rtse  nnlees  the  water  can  set  nnoer  it,  to  bnoy  it, 
or  preiM  it  npward,  as  the  air  preeaes  a  balloon  or 
■moho  upward.    Thaa,  if  on«  aide  of  a  block  of  light  wood, 

perfaetlg  flat  aod  snooih,  be  pUoed  apoD  tbt  limilarly  lUt  and  smooth  bottom  of  » 
Touel.  ud  held  then  uDtU  the  wm»\  to  tiled  vith  veter,  the  dowawaid  prai  wilk 
keep  it  la  lt«  plane,  aotil  water  liuliiiiatee  iteetf  beaeath  thraoch  the  perei  of  the 
wood.  Bat  if  the  wood  be  ■moothlj  varnlelied,  Id  eoolade  waler  from  ita  poi 
will  ramaln  at  the  bottom. 


Fig  27 


On  the  other  hand,  a  piece  of  metal  may  be 
anted  flrom  stnlcinfr  in  water,  by  suUectlng  it  to  i 

nt  tvtrard  pree  only,  while  the  aownward  prce  U  exoloded.    Thoa,  if  tha 

an  open  glaaa  tube,  (.  Fig  f7,  aad  a  plate  of  iron  m," 

tter-tlffht  when  plaeed  aa  in  the  flg;  and  If  in  thto 


a  sulB< 
the  boMom 


, --,  .  .    1  P"*  to  eXOiHwu.       «uwa,  ti   WIS  WUUVI4 

glaaa  tube,  (,  Fig  tl,  and  a  plate  of  iron  m,  be  made  amooth  enoof  b  to  b« 

~"  m  plaeed  aa  in  the  flg;  and  If  in  thto  poaitiea  they  be  placed  in  • 

to  a  depth  greaier  than  ahoot  •  timee  the  tbiekneaa  of  the  iK»a,  the 


upward  prae  of  the  water  will  hold  the  iron  la  ito  place,  and  prevent  ita  afnklof  r 
■aed  apward  by  a  oolama  of  water  heavier  thaa  both  the  ooloma  of  air,  and  ita  owa 
it  dowaward.    Oa  thto  prlaolple  troa  shipe  float. 

Rn.  1.  A  retaininff-wall,  aa  In  Fis  28, 
Ibnnded  on  pile*,  may  be  strong  enough  to  re- 
Btot  the  pree  of  tha  earth  «  behind  It,  la  eaae  water  doea  net  find 
tto  way  aademeath;  aad  yet  may  be  orerthrowa  If  It  doea;  or 
•▼aa  tr  the  earth  •  •  arouad  the  headi  of  the  pilee  beooraea  aata- 
rated  with  water  ao  aa  te  form  a  floid  mad.  In  either  eaae,  the 
apward  pree  of  the  water  a«alaat  the  bottom  of  the  waU  will  Tlr> 
taally  redaoe  the  wt  of  all  aoeh  parte  aa  are  betow  the  water  aart 
to  theeztaator  nu  Iba  per  cab  ft;  or  nearly  one-half  of  the  or* 
dlaary  wt  of  rabbla  maaonfy  tn  mortar. 


Bab  t.  AUhongh  the  pflea  vnder  a  wall,  aa  la  Vlg  SB,  amy  be 
aboadantly  aafltoleat  to  aoataln  the  wt  of  the  wall ;  and  tha  waO 
•oaally  atronff  in  iutif  to  reatot  the  piea  of  the  booking  a ;  f  et  If 
Ite  aoO  ««  aroaad  the  pOaa  be  aofl.  both  they  aad  the  wall  may  be  poahed  outward,  and  the  latter 
•verthrowB  by  the  prae  of  the  baeklBg  a.  Frem  thto  eanao  the  wSag-waUa  of  hridgea,  whea  beill 
an  nitoe  la  rery  aoft  aell,  are  flreqaeatfy  baited  ontward  aad  dlaflgured.  In  anch  eaaea,  the  plUtig. 
aad  tha  wooden  platform  on  top  of  It.  aheald  extend  ever  the  whoto  apaoe  between  the  waltog  or  elal 
aeme  other  remedy  be  applied. 

Art.  SO.  Dranarhtof  ▼eaeele.  8lnoeA>Ioa<in^  body  dlsplaoea  a  wt  of  liquid 
eqaal  to  tha  wt  of  the  body,  we  nuy  determine  the  wt  of  a  veaael  aad  ita  oargo.  by  aaoertalalag  bow 
maay  eah  A  of  water  they  dtoplaook  The  oab  ft,  malt  by  «34,  will  give  the  reqd  wt  la  l»a.  Bappoaau 
tor  iaetoaee,  a  flat-boat,  with  rcrt  aldaa.  tO  ft  long.  15  n  wide,  and  drawing  unloaded  6  ina,  or  .6  o' 
a  ft.  In  thto  oaae  tt  dlaplaoea  flfl  X  IS  X  J»  =  4fi«  oub  ft  of  water ;  whtoh  weigba  tfO  X  «3M  s  «12t 
fta  {  whieh  eoooeqaeatly  to  the  wt  of  the  boat  alao.  If  the  oargo  thea  be  put  in.  and  found  to  alnl 
the  boat  S  ft  mon,  we  hare  for  the  wt  of  water  dtoplaoed  by  the  eargo  atoae,  «0  X  15  X  9  X  MM  » 
IMifl  fte ;  whtoh  ia  aim  the  wt  of  the  eargow  So  also,  knowing  bcfenhand  the  wt  of  the  boat  and 
aa»io,andihe<Hmenelooeoftheboee,weeaaftBdwhntthedr»agh»wfllhe.  Thaa,  If  the  wt  aa  balbia 

140635 
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EIDMULIOS. 

Flow  of  Water  throuffli  Pipes. 

Much  of  the  theory  of  hydraulics  is  still  matter  of  dispute.  This,  and  the 
anaroidable  imperfections  of  actual  work,  render  it  advisable  to  use  liberal 
safety  factors  iu  applying  hydraulic  formulas.  Even  new  pipes  are  liable  to 
tuberculations,  which  materially  diminish  the  flow,  and  these  sometimes  greatly 
increase  under  the  action  of  chemicals  in  the  water.  Air  in  the  pipes  also 
diminishes  the  flow. 

F       -.flmin  1  LEVEL 


Th»  t«<rm  HEAD  or  TOT  AX  1T:EAD  of  wm%&rt  u  ^ppHed  t<i  the  flowace  of 

w&ler  tbTQidf  h  <iuii&]i,  plpti,  (nr  ope>i}kb£t  In  t«ii«r%uln,  Mc,  acwit  1^  wrt  dlj<i  <  f  4rpe,  Plsl*  froM 
Ih*  !«*<]  »ll.rr,  aii,  of  Lb»  ^^m  in  ttyn  fmcrralr,  or  KflToc  vt  tupiiljp  to  tbe  ccniej-  (ur  mere  properlv  tm 
Ui«  (Xli  oi  pEt-K «)it,ot  ihd  orl Cl(*t  t, w^pi b«T  t±c  c od  or »  pi pe,  r  o,  r  o,  v  g,  r o,  1 0  L  or  *nj  other  BiDa  of 
■pAnltii)  UimticJi  »b1eb  thD  dliicb.  lmM.tt  plvji  TT^\Wyinto  thu  mfr;  at-  Ifae  Tfr|.dL«(oi»,  or  /a,  tnm 
IfaB  HiDi  mart,  m  i,  lu  liid  JH-ftil  n*r.f.  s"it,  ^T  Ihe  njtter  Ln  tbi  loiiA  rewrroir;  tJj4D  tlwdlaOB  UkOi 

Staot  vnefcf  v^icef.     TLu*,  iLd  llie  umm  vl  AUah  int>3  rAn  air^  %bt  nrl  diil  I  «  or  po,  li  tbo  ioUl  bOAd 
tr  allfaer  of  tbe  ^l;pn  ra,  C  c^,  v  o,  j  0,  or  i  u ;  ■□(!  1I 1  Ij  lii#  fa<nd  for  lfa»  «f!lLc«.  i.  Id  ttao  lldo  of  tbO 
IfMTOlr.     A  Oil  Tiir  Il4«f<h  ifMfi'T  frof^r,  o  u.  or  /  p.  Ii«  Vine  hf  *d  Tor  clthEi-  Ibe  [iItic  ^.  or  tho  optttlDg  «{ 
'""""T  BO/  n'^siril  m  htkicvar  Ui  llii  Ir  ij'f  [ith>i'  l^.  low  thv  marl  at  t^b?  lover  wmUir ;  m  <%Uh,  —nnnllng  U 
SV  HLU,oiiUa*«  ilc  uul  A.t  mil  *ni»l.  lLiiIf  (IJiacb. 
A  pO'TiloD  Of  K  pi^*'  ntar  h* vo  »  h^^^l  B.Tf\i-tr  tbin  tbe  li^lal  htmil  ot  tdbf"  rtjllrc  pipt.    VhW  Ms 
^Dlb  ju  l»v  j.;,.c  -  ■:.  ■      >■.;,■>,■-!     ■■  .      ■•'  .   I  .J  ■    ■  .-     ■-_.■■■:•.■.]  J    .; 

JmiBAterlal  mm  reamrda 

discliaived,  whether  the 

1|  orlior,«s«o|  orin- 


,  ^  '  total  head  po,  and  also 

le  piperreniain  nnehaased.    If  one  pipe  is  longer 

tboa  oaottaor.  Its  tidot  will  oridcnUy  preoont  mora  Motion  afalnat  the  wator.  and  thna  dinlDtah  tho 
ral  and  tho  qaanUty  of  diaeh.  Tho  inolinod  plpco,  ro,l  e.  betng  of  ooorae  a  Uttlo  longer  than  tho 
bor  one  *e,  will  therefore  each  diaeh  a  triSe  leaa  water;  hat  if  the  hor  one  were  extended  iUghtly 
hojond  o.  80  aa  to  give  it  the  mum  length  aa  tho  othera,  then  oaoh  of  the  three  wonld  diaeh  the  mubo 
«nnnttv  la  the  mim  tine. 

Art.  1  <s.    Biwlslonii  of  the  Tatal  Vead.    In  any  pfpn,  tm  §9itr9i» 

to.  *  o,  «  0,  or  I  o.  Pig  1,  tho  total  head  haa  three  dtsUaoi  dniloa  to  perftomii  in,  to  OTW^anH  the 
reaiatanoe  to  eMlry  at »,  r,  t,  «.  M.  or  l|  Vd.  to  overeooio  the  reeUuneee  wfttte  the  pipe}  and,  M,  M 
give  to  the  water,  entering  the  pipe,  the  nniform  eeleeito  with  whieh  it  aotaallj  flowa. 

For  conTonlenco,  we  regard  tbe  total  head  aa  diTlded  into  three  portiona,  eomepondlnc  to  Ibeeo 
dutlea;  nanelr,  lat,  tho  mtrp  head;  Sd,  the  rMiatanee,  or/Heltom  heed;  and,  Sd.  the *e(ae(l|r  nea& 

Art.  1  6.  The  weloelty  head  is  tbe  height  through  which  a  body  most 
fkll.  In  Taeno,  to  noqnire  tho  vol  with  whioh  the  water  aotnalljr  flowa  Into  the  plpo.    It  la  therar«r«  a 

-jr.  in  whioh  « la  the  vol  In  ft  per  aeo  |  and  f  la  the  noeelemtlon  of  traritj*  or  8S.t 

Art«  1  e-  Experiment  shows  that,  with  the  usual  sharp^ged  entry,  the  ea* 
try  head  is,  near  enough  for  practice,  »m  half  the  vel  liead.  If  the  entry  Is  shaped 
like  Pig  T,  ioaroelT  any  entry  head  will  be  required.    Bnt,  In  pine  longer  than  ahont  IflSt 

diaaetcra.  tho  entry  head  beara  ao  alight  a  proportioo  to  the  total  head,  that  thia  adTaatafe  la  ef  bag 
little  inportanoe.   It  boconea  nM>re  apparent  In  aborter  pipea. 
Art.  1  dL    In  Fig  I  we  will  assume  that  for  any  of  tho  pIpea,  It  rsprssenta 
•  aoni  of  tbe  Tol  and  entry  heada.    Then  tho  reaBalader  •  «,  or  wo, of  the  total  head,  la  the 


dli  ^  _        .    . 

little  inportanoe.   It  boconea  nore  apparent  In  aborter  pipea. 

Art.  Id.    In  Fig  I  w€    ^'^  » 

the  eon  of  tbe  rol  and  ontryh  

frietlon  head  I  or  tho  head  which  is  Just  sufflcient  to  bolance  tliefHction  and 
other  reaiatanoea  wUkim  the  pipe :  and,  ainoe  the  otOry  bead  balanoea  tho  rcelatanoe  at  the  encranoe 
to  the  pipe,  the  vloettt  head  baa  only  to  giro  relodty  to  tho  water  In  tho  reaael.  oanalBf  it  ta  enter 
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ttt  pipe  M  rapldlj  m  it  Aqvi  thravfh  It,  snd  thai  kecplag  the  pip*  mipplM.    If.  bj  ■hurtenluf  ih 
pipe,  or  ^  noootfiiDc  its  inoer  larf.  we  dlmiDiah  the  totml  fHedoa.  tbeD  »  len  Motion  heed  will  be 

Silred ;  bat  the  ref  wfll,  nt  the  Mme  tine,  be  Incrcued.  and  IhU  will  require  m  greater  vel  head, 
entry  bead,  so  that  the  three  together  make  op  the  toul  head,  as  before.    Blaoe  the  JlrietUm  le 
eqaal  te  the  r«roe  or  head  reqd  to  owreoae  it.  It  aleo  Is  represented  by  wo. 

Art.  1  «•  TbefHetioD  hend  nutyiisin  vo,flo,and  2o.Flgl,beall«teMtli««BtraaM 
In  the  pipe,  and  tterefore  evisfde  of  tbe  pipe :  or,  as  in  a  pipe  laid  fyon  •  to  •»  U  any  be  all  Mom 
the  entranee,  and  within  tbe  pipe;  or.  as  in  re  and  to. It  maj  be  partly  above. and  partly  below,  the 
entraoee:  and  tberefore  partly  within,  and  pertly  without,  the  |  ipe.  Ibe  tcI  and  diseh,  «^/k«r  tht 
ptp«  U/UUd,  are  not  affeeted  by  this  diSbrenoe  in  position  of  tbe  entry  end  ;  but  the  pruaur^M  in  the 
pipe,  and  the  Tale  wkUt  tkt  vatsr  Ujmng  on  tmptg  p^M,  are  afTecied  by  lu 

Art.  1/1    Bat  It  is  necessary  that  the  entry  end  of  the  pipe 
De  placed  so  fltr  below  the  surf  m  <,  that  them  sball  b«  left. 


( 


should 

nbore  tbe  een  ttffkr  of  the  entry  end,  at  leant  a  bead.  <  «,  soOcient  to  perform  tbe  duties  of  tbe  entry 
nad  Tel  bends,  fr  the  entiy  end  of  any  of  the  pipes  be  raised  abore  «.  a  portion  of  tbe  vel  bend  will 
be  te  the  pipe.  In  other  words,  tbe  head  ta  tbe  pipe  will  be  more  tbsn  soffleient  to  overoome  tbe 
lesistanees  in  tbe  pipe :  and  the  surplus  will  set  as  rel  brad,  and  will  give  greater  rel  to  the  water 
fa  the  pipe.  The  nducad  bead  thus  left  above  tbe  entry  end  will  plainly  be  InraflBeleiit  te  malntalo 
Ibe  supply  Ibr  tbe  frsoler  vel,  and  tbe  pipe  will  run  only  partly  rnll. 

la  ordlnarv  eases  of  pipee  of  eonsldenble  length,  tbe  sum  of  tbe  entry  and  fnl  beads  tbeoredeanT 
tequtred.  Is  not  a  small  portion  of  tbe  total  bead,  and  rarely  exceeds  a  foot.  Indeed,  In  a  pipe  or 
ceasidermble  diameter,  the  npper  half  of  its  erosa  aeotion  at  the  entry  end  may  often  be  ■ 


CBough  to  proTide  snffldent  entry  and  vel  heads  abore  the  een  of  grav  of  said  eross  aeetion ;  so  that 
tbe  top  of  tbe  entrv  end  might,  so  fkr  ns  these  oon*ideratlons  alone  are  oooeemcd,  prq)ert  above  tbr 
■nrf  of  the  water  In  tbe  reservoir.    But  tbe  end  of  the  pipe  should  In  practiee  alwajs  be  entlrsly  b^ 


rater  In  tbe  reservoir.  But  tbe  end  of  the  pipe  should  In  practiee  alwajs  be  entlrsly  b^ 
:  otherwise  air  and  floating  Impurities  will  be  drawn  Into  it,  and  cause  obstruction^ 
liereovti,  fkm  water  surf  of  reserveire  la  always  liable  to  considerable  ebanges  of  height ;  and  tbe 
aatiy  end  of  tht  pipe  must  be  piaoed  at  aneb  a  depth  that  the  water  een  flow  Into  It  with  su 


ve!  when  at  Its  loitesC  stagea.    As  before  suted,  this  wlli  cause  no  diminution  or  increase  of  dlseb. 

Art.  1  a.  To  And  the  Arietlon  head  reqd  for  any  part  of 
m  pipe  I  Knowins  the  fric  bead  reqd  for  the  whule  pipe  8ir.ce  the  friction.  In  m 
pipe  of  nalform  diam.  Is  (other  thlnn  being  equal)  In  proporilon  to  ita  length ;  and  since  v  e.  Fig  1, 
npraaeau  the  total  (Hctioa,  or  reqd  tHctloa  head,  we  have 

Total  length  •  Length  of  tha  «  ,  _  .  •  Tke  ftietlon  head  reqd 
of  the  pipe   •   given  portloa  ••      *  •       forihat  portion. 
Or,  kaviag  inwmwokj  aeale^  •«  hor.  aadeoi 

Total  length  .  Leagthertba  .....  A  dial,  ns  s  e,  to  be  laid 
•f  the  pipe   •  flveaportto«  •  •  **  •        offfhwieoBea. 
A.  •  •  .«  •  A  diet,  nee  ft,  to  be  laid  of 

"'  •  •  ••  •  fremeonev. 

Then  a  vert  Oaib  M I  «^  drawn  fhna  A  or  e.ud  joining  •«  and  •e.gf  vet  by  nale  the  Metloa  teai 
isqd. 

Art.  1  lu    If  the  pipe  Is  straight,  nMro^vOfto,  the  fHctlon  In  any  part  bfgtm> 

mtrnt  mi  Che  rsssrsoir,  an  i  •  la  the  pipe  I  a,  may  be  fbnnd  at  once  by  drawing  a  llne<    1  vert  upward 

base  the  nzla  or  the  pipe  etc    Thalinel   1  wiU  then  give  the  IHetion  la  I  d.  It  also  gives  the  frie- 

Hea  lard,  aria  that  part  of  ee  which  lies  betweeaeaad  the  dotted  Mne  1   d.    tt  must  be  reneas- 

hvred  that  all  tbe  pipes  la  Fig  1  are  sonpoaed  to  be  of  the 

same  netaal  length.  They  would  thus  end  at  diflbrent  poinM 

e.  and  strictly,  a  separate  diagram  must  be  drawn  for  each 

pipe.    In  a  part  of  the  pipe  not  begtnoing  at  the  reservoir, 

ns  In  r  e.  e  o.  or  <  e.  between  pdnta  vertically  nnder  e  and 

a.  tbe  smonnt  ot  iHetlon  la  i^ven  by  the  line  il  a,  fbr  it  is 

pUlolT  z-  jr  y—  S  <;. 

A  rt.  1  J.     If  the  pipe  Is  vert,  as  v  o, 

f  if  I  A  :  let  /« ton  Its  axis  to)  represent,  as  before,  the  sum 

ot  ibt  f  si  and  «DLry  heads.    From  s,  *,  and  o,  respectively, 

dr* w  har  Utufw  i  v,  e  ft,  aad  0  f ,  making  o  y  =  e  0.    Draw 

liijiM  llD?  <  V.    Then,  to  And  t^ ■ 

bt-^MtnciiDj:  1,1  thereserv 
M ij hi  (A  f  4 ,  B ci li  il raw  tbe  vc 
Tht  a  h  !}  will  irui>  Ibe  fHction  in  o  9. 


tbt  ithiiijiM  lioe  <  V.  Then,  to  And  the  friction  In  any  part. 
•  tu.  bt-^gtnciiDj:  1,1  the  reservoir i  freatolayolTf  <lhor,and 
iiijtaj  (A  f  4.  BUii  draw  tbe  vert  line  a  a,  crossing  ef  at  9. 
itta  h  !}  will  irui>  Ibe  fHction  In  o  9. 

Art.  1  /f.    If  the  pipe  is  enrved,and 

if  theenrvatore  Is  uniformly  distributed  along  iu  length,  or 
so  slight  that  it  may  be  neglected ;  tbe  friction  beads  reqd 
for  the  several  portions  of  the  pipe,  may  be  found  In  the 
1  way  aa  for  straight  pipes,  as  In  Art  1  H.    Otherviee 


^v  \  they  must  be  found  by  proportion,  as  In  Art  I  O. 

\i  Art.  1  I.      While  water  is  flliinK 

jy      m,  empty  pipe,  the  excess  of  the  toUl  hei3 

Vltr  1    A  ^       above  tbe  reqalrements  of  fHetlon.  he,  gives  to  tbe  water  a 

*  gretkter  vel  than  it  has  after  the  pipe  is  filled; 

out  this  gradually  decreasee  as  the  sdraneing  water  enoonni 
tVB  the  fHetlon  along  the  ln< 
As  the  whole  length,  and  I 

^gn^  are  left  above  tbe  eatri        ,  ,-, -__-, —    

•r  total  head,  nad.  eonaoqnently«  no  each  change  of  vel  diuing  the  milng  of  theVp«> 
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Art.  1  tn-r.«  ReUitloii  between  dtochaive,  aren,  releelty  aatf 
preMiire.    In  Fig  1  B-D,  where  the  pipe,  b  /*,  ranulng  fall,  recelTeBjrater 


firom  an  unlimited  reservoir,  R^  at  b,  an( 
Tolume  of  water,  passing  any  giren  en^ 
ooustani  and  equal  to  the  rate  of  discharge 
at  jP,  be  Q  cubic  feet  per  i         '    •       ^ 
(he  pipe^  b  F,  per  second. 


,  -  . , barges  through  an  orifice,  F',  the 

Tolume  of  water,  passing  any  giren  cross  section  at  b  F.  in  a  given  time,  ia 

.    .1  to  the  rate  of  discharge  at  F.    Thus ;— i  f  the  rate  of  disehai^ 

at  jP,  be  Q  cubic  feet  per  second,  then  Q  cubic  feet  will  pass  each  cross  section  of 


ES 


4  d. 


Flff.  1  Il-B. 

Let  a  »  the  area  of  cross  section,  and  r«  the  velocity,  of  the  stream  issuing 
through  the  short  pipe  bevond  F.     V  is  called  the  velocity  of  efflux. 

I>et  Au  Af.  etc.,  be  the  aiflbrent  areas  of  cross  section  of  b  F,  and  let  ts,  «^  etc 
be  the  velocities  at  those  cross  sections  resnectively.    Thea  Q  »  a  K  »  Ji  «i 

=  A»v^  etc;  or  F  —  --,    ii  «■  ^,  «^  »  -^,  etc    In  other  words,  the  velod- 
a  Ai  A* 

Q  Q  Q 

ties  are  inversely  as  the  areas  of  cross  section.    Also,  a  =  ^,  ^]  =  — ,  Ax'^- 


The  losses  of  pressure,  due  to  the  velocities,  respectively,  are  cfi 


etc.;  an  represented  by  the  ordinates  between  the  line  o  </.  of  static  pressure,  and 
the  diagram,  ol284'5  6^of  actual  pressures.  The  difference,  due  to  velocity, 
between  the  pres  heads  at  any  two  points,  as  ci  and  c^,  where  the  vHoeities  are 

^       2g      2g  2ff      ' 


vi  nnd  tJi  respectively,  is  p^  —  Pi^^  ^i' 


The  remaining  pressure  head,  pi,  p^,  etc.,  at  any  point,  is  «-  static  head  in 
reservoir  —  velocity  head  at  the  point,  =  //  —  <*i,  If —  df,  etc 

The  loss  of  pressure  bead,  at  /*,  is  <6  ^)  «  f)s  »  if  —  <^;  and  the  presaure 
drops  to  zero ;  i.c,  to  the  atmospheric  pressure. 

Art.  1 «.  Open  plemometers.  If  the  lower  ends  of  vertical  or  inclined 
tubes,  open  at  both  ends,  be  inserted  into  a  pipe,  b  F,  Fig.  1  ^  ^,  as  at  c,,  c» 
•tc,  the  water  surface,  in  these  tubes,  will  stand  at  heights, p,.  /j],  etc.,  corre- 
spoudiug  to  the  presnure  heads  at  the  points  where  the  tuoes  are  inserted.  Such 
tubes  are  calleu  0|>eri  piesometers.  In  order  that  the  water  level  mav  be 
observed,  they  are  of  glass,  at  least  in  those  portions  where  that  level  is  likely  to 
be  found.  An  obstruction,  in  the  pipe,  l>etween  c>  and  F,  would  raise  the  level 
in  a  pieiometer  at  Cs ;  while  an  ol>structiou  lietween  6  and  e^  would  Unctr  it. 

*In  Art.  1  m-r,  for  simplicitv,  we  neglect  all  resistances,  indading  thoea  due 
to  the  abrupt  enlargements  and  contractions  of  the  pipe 
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Art.  1 1.  If  we  liMglne  any  pipe,  full  of  water,  to  be  eiipplied  wtth  a  nvBtat 
•r  Bieiometoia,  tben  a  line  Joining  the  tops  of  tbe  columns  of  water  in  tlie  •evoral 
niesometera,  ic  called  the  kydraalie  ff riule  I Ine. 

ArU  i  M.  In  a  straight  tube  of  uniform  diam  throughout,  as  r  o,  r  e,  or  I  e.  Fig 
I.  rnauiac  mil  aad  diMharging  fraatj  Imio  ttia  mir.  ibM  byd  grade  liM  Is  a  atraight  Una  drava 

tnm  lu  diaeta  end  o  to  a  point  •  tmm«dlatclj  oT«r  tha  aatrj  end  of  tlie  pipe,  and  at  a  dcpih  below 
the  aarf  aqual  tt»  the  turn  of  the  rel  and  entry  heads.  _.^^^         ^„  ^  ^    m 

If  the  orlfiee  al  o  be  conftraeicd,  the  hjd  grade  line  must  be  drawn 
fltaa  •  to  eame  point,  ai «.  tnaMdlatoly  over  e,  nad  dapeadlng.  tor  iu  beighi.  apon  the  amoaat  of 
^^  F-  ^        .  ,  ^  eontrMrtton  at  e.    Bat  In  tbia  ease 

the  points  will  also  be  higher  than 
before,  bceaMse  tbe  vel  In  tbe  pipe  is 
redoeed  bj  tbe  ooninciion ;  and  tbe 
aam  <  s  of  tbe  rel  and  entijr  beads 
wlUbelaea. 

If  ibe  discb  at  o  to 
under  water^  tbe  effect 


upon  tbe  poaitlon  of  tbe  grade  line 
will  be  tbe  same  as  that  of  a  oon- 
traetion  of  tbe  orifiee  at  e.  The 
point «  will  be  on  the  surf  of  tbe 
lower  water,  and  imncdlately  over  •. 

Art.  1  r.    If  tbe  pipe,  of  uniform 


ttan,  (wbetber  dlsobarging  tntij  or  tbrongh  a  oon- 
traeied  opening  at  o,  wbetber  into  the  air  or  under 
water),  M  bent  or  enrved,  the  hjrd  ^rade 


FifiT.l  F 


-8-K 


^ 


'^^ 


cV 


2jv^— f 


'fro    \, 


s\rU- 


'I 


line  will  still  be  straight,  prowlded  tbe 
raatsuneea  are  OQaal  In  each  equal  dlTitlon  of  tbe  Aor 
length  of  the  pipe,  as  lu  Pig  1  B,  where  equal  dlTisloni 
V  w,  w  «.  kc,  of  «be  (elol  length. oorrespond  witb  equal 
divisions  V  «,  •  6.  *e,  of  the  Aor  lengtb. 

But  in  Pig  1  7,  the  bjd  gram  line  vlll  take  the 
shape  •  a  e.    For  if,  in  acoordanoe  with  Art.  I  O.  we 
divide  «  o  into  two  equal  parts,  •  at,  m  o.  eorrespocd' 
ing  witb  tbe  two  equal  parts  •  r,  r  e,  of  the  lengtb  of  tbe 
pipe,  we  obtain  at  c  =  a  •  for  the  head  oonsumed  in  tbe 
lealatanoes  in  *  r,  leaving  onlj  r  a  for  tbe  pres  bead  at  r. 
Art  1  ur.    In  a  very  large  vessel,  tbe  total  head  upon  any  point  at  the  level 
ef  the  entrance  I  to  a  pipe  loo'  Fig  1  G,  is  represented  by  </,  as  already  ex- 
plained but  of  this  total  head  a  portion,  as  t«,  is  required  to  net  hs 
velocity  bead  and  entry  head  for  the  entrance  at  f,  leaving  only  «/  as  the  pres- 
sure head  upon  a  point  in  the  pipe,  immediately  to 
•      A         n  the  right  oi /.    Thus  while  the  pressure,  in  pounds 
per  square  inch,  in  the  ve*ael  at  l.  is 

;)  =  i/X0.434    . 
that  in  tbe  pipe  at  /  Ls 

p=>slX  0.434. 
But  now  a  portion,  as  «r,  of  « /,  is  expended  in 
/o  in  balancing  or  "overcoming"  the  resistances 
throughout  th:it  nortion  of  the  pipe ;  and,  in  doing 
this  work,  it  graaually  diminishes  from  gv  (at  /)  to 
nothing  (at  o)  as  indicated  by  the  dotted  line  se. 
Thus,  at  the  point  (>,  a  portion  —be  has  already  been 
expended  in  overcoming  the  resistances  in  the  pipe 
between  /  and  6,  leaving  c  6  as  the  pressure  head  at 
6,  o/  which  c  m  must  still  be  expended  against  resist- 
ances  in  the  wide  pipe  between  6  and  o,  leaving 
m6»i7/=s«oas  the  pressure  head  for  tf  point  just 
to  the  left  of  the  contraction  at  o.  The  pressure  in 
fo  is  thus  gradually  diminished  from  si  (at  /)  to 
eo^vl  (at  o). 
Now  a  portion  es^of  eo  is  required  to  act  as  ve- 
iocity  and  entry  head  for  the  entrance  o  to  the  narrower  portion  o  o'  of  the  pip^; 
becau!<e  we  need  at  o  not  only  an  additional  fjitiy  head  to  overcome  the  resist- 
ance due  to  tbe  square  shoulder  formed  by  the  contraction,  but  also  an  addi- 
tional velocity  head  to  give  the  increase  of  velocity  which  must  take  place  as  tl:e 
water  passes  flrom  the  wide  pipe  lo  to  the  narrower  one  oo'\  for,  so  long  as  a 
pipe  runs /utf  and  the  discharge  remains  constant,  the  relocily  in  each  part  of 
the  pipe  must  be  inm-Befy  ax  the  areji  of  cross  section  of  that  part ;  because  in 
each  second  the  same  quantity  of  water  passes  each  point;  and  this  constant 
quantity  is  =  area  X  velocity.  Hence,  as  the  area  diminishes,  the  velocity 
increases. 

There  remains,  therefore,  /o  as  the  pressure  head  upon  a  point  in  the  narrow 
Vart  just  to  the  right  of  o;  and  this  in  turn  gradually  diminjj^^  to  nothing  at 


Fig.l  a 


\ 


^•2(1  a  X  uxukv  L,i%ja, 

the  end  </  of  the  pipe,  u  indicated  by  the  dotted  line  s</,  being  all  expended  In 
overcoming  the  reeistancee  in  o  o'.  We  thus  have,  for  the  hydraulic  gradient  in 
Fig  1  G,  the  broken  line  ites'o'. 

When  the  pressure  is  thus  diminished  bv  orercoming  resistances,  or  by  ac- 
celerating velucity,  the  diminution  is  called  loss  of  head.  Thus  ve  say  that 
t«  is  to«/  Ht  the  entrance  /.««  as  firiction  head  in  /o,  e«'  at  the  contraction  o,  and 
«"  0  as  ftriction  head  in  ov^ 

At  i/,  all  the  available  head,  i  /.  has  been  used  up.  The  water  flowing  out  at  y, 
therefore  exerts  no  lateral  pressure,  so  that  the  stream  flows  out  in  parallel  lines, 
and  iu  capacity  for  forwara  pressure  is  due  entirely  to  its  kinetic  energy  (energj 
of  motion)  and  to  tlie  premure  of  the  air  upon  the  surface  in  the  reserToir  at  i; 
but  this  last  is  of  course  balanced  by  the  air  pressure  from  without  aaainst  the 
opening  </.  Where  a  great  reduction  of  cross  sectional  area  in  a  pipe  Is  followed 
(down-atream)  by  a  re-eiilargeroent,  the  increase  of  Telocity  may  (under  certain 
circumstances)  consume  not  only  the  entire  bead  of  voter,  but  also  a  portion  or 
all  of  the  atmoipherie  pressure  on  the  surface  in  the  reservoir,  thus  causing  a 
partial  or  eomjplete  vacuum  at  the  constrictioo.    See  the  Venturi  Meter. 

Ilie  ■jrpllOfi  *  «r  pfpth  1(1  Tf  f^Vin  lo^  fi  h  of  a  ticml  hibo  or  plpo  a  6c, 
Fie  U^  "I  *i<</  'ii4iiK  eULl-iI  *uli  '■•Unr,  *inl  wUh  bo&h  lu  t«idi«  altrpcwxl, 
fw  pUcoJ  lu'ft  rrt«r«okf  of  w^tcr,  IU  m  Vk'a  Uf ;  KDd  If  ib»  ulAppm  be 
thcD  rrjBov«<l,  Ibe  wat«r  ta  iJiO  r^ffriiatr  will  IbifiD  to  d»v  C4K  jit  c,  aLwJ 
«iLl  Boallau*  Lo  dD  ad  aalll  lu  IbtcL  Ia  r«ilud«d  to  t.  vblob  U  Um  wva*  u 
Iha^t  of  t,bvkig:keM  rndl  c  ottht  pLp«  or  Bjplioa.     Tli«  How  wjlj  iii^ii  Ua^ 

««t  [xnlQl :  KEid  ibU  U  oorm?l  su  far  iiS  rElAlri  to  1 1  mrrvlr  ft«  k  P^*^  ^ 

Kitwi  litit  OMitLlderlof  It  piiniLj  vltb  rcgurd  Lji  lln  churkcUir  ■«  A  I]jpdr*ii> 

Lk  mtteblAt.  tb«  p^ri  f  «  below  tb«  I^tfJ  of  ihe  hlf  bnl  mad  c.  mftf  b'  m 

itnlj  DafttMadp  fnr  tlte  w«tcf  lu  tbe  r«*«rv4iir  will  do(.  Im  driivn  dn^a 

biiow  ilw  llTll  of  tEie  bl|ii«ti  ernl.  wlietber  thkt  b«tJ!ie  iDueror  tb^DULar 

WW.   Tbotfor*,  If  til*  dlush  rtii  be  *ttove  tht  w*(«r  In  Uio  rawrTuIr,  u, 

for  LaiLAUeii!,  ftt  v,  tic^  Ito*  will  t«lla  p]*e#.     Th^  vwrt  bflfhl  6  0.  rt-Jioi  CJ)» 

bEiheiL  put  of  lb«  ijphob,  lo  Ibfr  low««l  lvv«|  t,  lo  vbli^h  thn  reterrulr 

l«  to  b«  drkWD  <la«D.  mu.iL  uat,  IkmnUcatl; ,.  eiot^  ibout53or34  ft; 

or  thmt  at  whkh  the  prv>  of  the  alrnrill  tuiENln  «  oolamQ  of  water. 

Fracdcallf  H  muil  to  leti,  to  m\iaw  far  the  frlcdoa  of  ihtr  flowlDt «''(««', 

•wd  for  air  w  Kkh  fi:»riH<i  lu  wkj  |q,   And  ilEJL  kii  ml  pUwir  fut  b,lHiT«  tsm, 

let^fl ;  for  at  auch  th«  rt^ucM  wcLq'ht  of  thr  Almoiphenc  d^lumna  ^lll  not 

balaniM  «a  gnmt  a  b«((ht  of  waE«r,     In  orttpr  rvadllf  to  andentanti,  of 

jpt^   ^  tt  nay  lliB*  la  raeiil  ibt  piioelfiK*  cna  which  the  irpboa  met*,  bemr  1« 

J<J|r«  JB*  tniad  lbati«i|  miif  lApMnUH,!!;  «(iii«l4vr  Ihf  eudof  (.he  Inn^^r  leg  to  im 

Dol  Kiuall;  Llnaurav«d  &«law  IbA  w^t^r  f  arf,  but  i^oSr  Ui  Irx'  l(ept|yr«elBelj 

«jll,  M  lb*  eurr  d««oeDde  while  (btwabeT  te  Am*  J  or  oni;  builBij  ra- 

^■rd  the  rert  diat  &  •  ma  the  lia  |Xh  of  iho  ou  Eer  Irg ;  .  nd  a  Tio-Tlng  d  ht ,  w  bich  nt  n  mt  in  fr  *,  ittd  AoaUj 

»e  (u  the  surf  of  the  rcMrroIr  4r«c<iiil»>  a*  ibe  len^tb  of  (b«  Inotr  leg :  »□>!  thai  Ui*  flotr  isoatioMt 

M1I7  while  thU  oater  leg  is  loo(«r  than  rAii  lnni<r  oue.     Tl^e  tMtoki  ar«  wroag  In  nf  tng  that  the  tnttr 

leg  60  MiMf  be  longer  then  Ibe  kiU^ronA  64,  In  ord'^r  theUbe  wairr  waj  run  at  all.     The  priodpl* 

then  la  almffly  tfala:  thet  botil  ih<!-^ii<  )ft*  hr,  and  ht,  bfUtu  Unt  BIIH  wkb  wster,  nba  ]:iar|  In  being 

eonildered  at  flrat  aa  •  portion  of  lh<<'  rrMtrrait.  eail  odv  of  the  ajpbr>a,>  li  ft^ltawi  ibat  when  the  atop- 

nere  are  removed  ftam  the  end*  r  au<i  a,  lh4  air  prcaici  CHqaatlj'arnlmt  the»i^  rndie :  bat  Hit  pvMTvn 

head  of  water  boio  the  outer  kir  £f,  preiKi  agalmt  the  air  at  c.  with  more  tnrrv  than  lht«mmyrb«*d 

ef  water  h»  in  the  Inner  leg  &f.  d>>v«  agalnil  th«  air  ai  a  or  L*   ToQie^iurnilir.  tbv  watrr  In  he  will 

lend  to  fall  out  more  rapidly  than  ihnt  In  ti  ii  and  ai  k  f<immeQ<!«  to  falU  '•vf^u'ld,  pntdoLie  a  taenmm  at 

ft,  were  U  not  that  the  prea  of  Litr^  jiLr  Bfiilnit  ihe  other  end  a  or  £.  fnreri  the  watvr  up  i  b,  toamppl^ 

the  plaoeof  that  wbloh  flowa  out  at  <u     lu  thU  manner  Itee  flow  ooniluLMHi  until  ttii*  eurf  sf  the  wati^ 

in  tbe  reaerroir  deaoenda  to  t.  on  iht  aame  level  aa  e,    Tte  preaaarsa  ol  Hm  ten  heada  d  o.  &  e.  In  Uu 

two  lege  he,bt,  being  then  equal.  It  eeaaee. 

The  syphon  principle  may  be  employed  for  draining  ponds  into  lower  ground 
at  a  considerable  dist,  even  though  an  elevation  of  several  feet  On  practice  pei^ 
haps  not  exceeding  about  28  ft  above  the  level  to  which  the  pond  is  to  be  re- 
duced} Qu^  intervene.  In  such  a  case  an  e»e»pe  must  be  provided  at  the 
sumnut  (or  summits,  if  there  are  more  than  one)  of  the  bends,  for  the  disch  of 
free  air,  which  will  inevitably  enter,  and  soon  stop  the  flow,  unless  this  precau- 
tion be  taken.  The  air-valve  will  not  answer  for  tliis,  because  as  soon  as  the 
valve  9  opens,  the  svphon  becomes  in  effect  two  separate  tubes  open  at  top; 
and  the  water  will  fall  in  both.  An  orifice  at  the  escape  will  be  needed  for  filling 
the  syphon  at  the  start;  and  to  prevent  the  water  thus  introduced,  from  run- 
ning out,  stopcocks  must  be  provided  at  the  ends,  and  kept  closed  until  the 
filling  is  completed. 

The  greatest  pains  must  be  taken  to  make  all  the  joints  perfectly  air-tight. 

Tbe  motive  power  or  head  which  causes  the  flow  in  a  syphon,  is  the 
vert  dist  «  o,  from  the  surf  of  the  reservoir,  to  the  disch  end  c;  or  in  other  words, 
it  is  the  diff,  «  o,  between  the  theoretical  lengths  6  «  and  6  o,  of  the  two  legs.  Coo- 

*  Said  pressure  of  the  air  is  of  course  not  exerted  directlv  at  a  or  t;  but  ia 
transmitted  to  o  through  the  water  in  the  vessel;  and  thence  upward  to  % 
through  the  water  in  the  syphon. 
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■eqaently,  the  farther  e  is  below  <  the  more  rapid  will  be  tb'^  flow ;  and  it  is  plain 
that  as  the  surf  gradually  sinks  below  «,  the  less  rapid  will  the  flow  become.  Hay- 
ing this  head,  the  entire  length  a6c  of  the  svphon,  and  its  diani,  all  in  ft.  the 
dibch  may  be  tound  approximately  by  either  of  the  rules  given  in  Art  2  for  straight 
pipes.  These  niles  give  55>^  galls  per  min.  Instead  of  the  43^  galls  actually  dischd 
by  Col  Crozet's  svphon,  with  a  head  of  20  fU    See  below. 

In  n  true  S9J»lloii«  agnyo  Fig  U,  free  frtnu  air  inside^  and  running  fti/l, 
the  total  heaa  po  is  measured  vertically  from  the  surface  mt  in  the  reser- 
voir to  the  center  of  gravity  of  the  outlet  o,  as  in  Fig  1 ;  the  hydranlle 
frradient  (with  the  restriction  named  in  Art  1  v)  Is,  as  before,  a  straight  line 
I  sro  drawn  from  the  foot  j 

Jim b. 


of  the  combined  entry  and 
velocity  heads  to  the  end 
o:  and  the  velocity  and 
discharge  are  the  same  as 
they  would  be  if  all  parts 
of  the  pipe  were  brought 
below  *ro.  But  see  cau- 
tiona  1  and  2,  below. 

The  premsare  at 
any  point,  g,  n  or  y,  is 
then  given  by  a  vertical 
line,  gu,  nr  or  yv^  drawn 
from  the  point  in  question  to  »ro:  but  for  points,  as  n,  situated  above  sro,  this 
pressure  js  negative  or  innrard ;  while  at  points  where  «ro  and  the  pipe  are  at  the 
same  level,  as  at  /and  e,  there  is  neither  pressure  nor  vacuum. 

Caution  1.  But  if  the  water  be  admitted  to  the  empty  pipe  at  /i,  while  the 
end  0  is  open,  the  pipe  will  not  form  a  true  syphon.  The  part  agn  will  then  run 
full,  and  will  have  ten  as  its  hydraulic  graaient;  but  upon  reaching,  at  n,  a 
portion  no  of  the  pipe  with  a  much  steeper  grade,  the  water  will  run  oflT,  in  n  o, 
with  a  velocity  greater  than  that  with  which  it  arrives  from  a  n.  Hence  the 
stream  in  no  will  have  a  less  area  of  cross  section  than  in  a n,  and  therefore  can- 
not fill  n  0,  but  will  run  otf  in  it  as  in  an  open  gutter. 

Cantton  2.  The  tendency  to  vacuum  at  points  above  «ro  causes  an  accu* 
mnlation,  at  n,  of  particles  of  air  that  have  been  carried  into  the  syphon  by  the 
water  or  have  found  their  way  in  through  imperfect  Joints,  etc. ;  and  these 
bring  about  a  condition  approaching  that  described  in  Caution  1 ;  for  their 
expansive  force,  by  reducing  the  negative  pressure  or  vacuum  n  r  at  n,  diminishes 
the  total  hf'ad  A  r  of  the  puri  agn,  while,  oy  practically  reducing  the  croes-sec* 
tion  of  the  syphon  at  n.  tney  require  thai  a  portion  of  the  remaining  head  be 
used  at  ft,  as  entry  head  to  overcome  the  resistance  caused  by  the  contraction, 
and  as  velocity  head  to  give  the  increase  of  velocity  needed  for  passing  the  nar^ 
rowed  section  at  n.  Now  since  the  friction  head  required  for  the  part  a  .9  n  re- 
maloa  about  the  same,  the  velocity  head  in  the  reservoir  is  considerably  dimin- 
ished, and  the  water  arrives  at » too  slowly  to  keep  n  0  filled.  The  accumulation 
of  air  at  n  thus  retards  the  flow  and  disturbs  the  distribution  of  the  pressures, 
•o  that  these  are  no  longer  correctly  indicated  by  vertical  lines  drawn  to  sro. 

At  Bine  BIdire  Tnnnel.  Virginia,  CoL  C.  Crozet  constructed  a  drainage 
syphon  1792  ft  long  of  cast  iron  nuoet  pipes  3  ins  bore,  9  ft  long.  Its  summit  was 
9  ft  above  the  surface  of  the  water  to  be  drained ;  and  its  discharge  end  was  20  ft 
bek)w  said  ior&ce,  thus  giving  it  a  head  of  20  ft.  At  the  summit  570  ft  from  the 
inlet,  was  an  ordinary  cast  iron  alr^weaeel  with  a  chamber  8  ft  high  and  15  ins 
inner  dJam.  In  the  stem  connecting  it  with  the  syphon  was  a  ent-oflT  stop- 
eoeh  t  and  at  its  top  was  an  opening  6  ins  diam,  closed  by  an  air  tight  screw  lid. 
At  ea<»i  end  of  the  srphon  waa  a  stopcock.  ^  To  start  the  flow  these  end 
cocks  are  doaed,  and  the  entire  syphon  and  air-yessel  are  filled  with  water  through 
the  opening  at  top  of  air-vessel.  This  opening  ic  t.hen  closed  airtight,  and  the  two 
end  cocks  afterwards  opened ;  the  cutoff  cock  remaining  open.  The  flow  then 
b^ns,  and  theoretically  it  should  continue  without  diminution,  except  so 
fkr  as  the  head  diminishes  by  the  lowering  of  the  surface  level  of  the  pond.  But 
in  praetiee  with  very  long  syphons  this  is  not  the  case,  for  air  bc^ns  at  once 
%o  ouengage  itself  from  the  water,  and  to  travel  up  the  syphon  to  the  summit, 
where  it  enters  the  air-vessel,  and  rising  to  the  top  of  the  chamber  fpradually 
drives  out  the  water.  If  this  fs  allowed  to  continue  the  air  would  first  fill  the  en- 
tire chamber,  and  then  the  snmmit  of  the  syphon  itself,  where  it  would  act  as  a 
wad  completely  stopping  the  flow.  The  water-lewel  in  the  air  chamber 
can  be  detected  by  the  sound  made  by  tapping  agt^nst  the  outside  with  a  hammer 


i 
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T»  prerent  tlita  stoppairey  the  cuUoff  at  the  foot  of  the  chamber  li 
closed  oefore  the  water  is  all  drlren  out;  and  the  Ud  on  top  being  ranoved  the 
chamber  is  refilled  with  water,  the  lid  replaced,  and  the  cutroff  again  opened. 
The  flow  in  the  meantime  continues  uninterrupted,  but  still  gradually  diminish- 
ing notwithstanding  the  refilling  of  the  chamber:  and  after  a  number  of  reflU- 
iufi^  it  will  cease  altogether,  and  the  whole  operation  must  then  be  repeated  by 
filling  the  whole  syphon  and  air  chamber  wiUi  water  as  at  the  start. 

At  Ck)l.  Croset's  syphon  at  first  owine  to  the  porosity  of  the  Joint-caulking, 
which  was  nothing  but  oakum  and  pitch,  air  entered  the  pipes  so  rapidly  as  to 
drive  all  the  water  from  the  chamber  and  thus  xequire  it  to  be  refilled  every  6  or 
10  minutes;  but  still  in  two  hours  the  syphon  would  run  dry.  The  Joints  were 
then  thoroughly  recaulked  with  lead,  and  protected  by  a  covering  of  white  and 
red  lead  made  into  a  pnttv  with  Japan  Tarnish  and  boUed  linseed  oil.  But  even 
then  the  chamber  had  to  De  refilled  with  water  about  every  two  hours:  and  after 
six  hours  the  syphon  ran  dry,  and  the  whole  had  to  be  refilled.  In  this  way  it 
continued  to  work. 

Care  in  making  the  joints  air-tight,  and  an  o«it«ide  and  inside  coating  of  the 
pipes  and  air-vessel  with  coal  pitch  varnish  are  important  precautions. 

Art.  S.  Approximate  rommlae  for  the  weloeity  of  water  in 
straight,  smooth,  cylindrical  iron  pipes,  as  r  o,  v  o,  /o,  Fig.  1.  Having  the  total 
headp  o,  and  the  length  and  diameter  of  the  pipe. 


Approx 
mean  vel 

in  ti  per  sec 


1       coeflicieut  / 

)        as  below        \^ 


diam  in  ft  X  total  head  in  ft 
total  length  in  ft  +  M  diams  in  ft 


Table  of  eoeflielentA  **  m  * 


INam  of  pipe, 

Dlam  of  pipe, 

feet 

inches 

feet 

inches 

0.1 

1.2. 

28 

1.6 

18 

68 

0.2 

2.4 

30 

%0 

24 

57 

0.8 

8.6 

84 

2.5 

80 

60 

0.4 

4.8 

87 

8.0 

86 

62 

0.5 

6.0 

89 

8.6 

42 

64 

0.6 

7.2 

42 

4.0 

48 

66 

0.7 

8.4 

44 

6.0 

60 

68 

0.8 

9.6 

46 

6.0 

72 

70 

0.9 

10.8 

47 

7.0 

84 

72 

1.0 

12.0 

48 

10.0 

120 

77 

For  heads  not  less  than  4  feet  per  mile,  this  formula  gives  results  praetieally 
oorresponding  with  those  by  Kntter^s  formula  (p.  528}  with  ooeAeient  n  of 
roughness  =»  0.012.  But  slight  differences,  as  to  roughness,  etc.,  may  cause  con- 
siderable variations  of  Telocity,  especially  in  small  pipes ;  for,  in  such  pipes,  a 
given  roughness  of  surface  bears  a  greater  proportion  to  the  whole  areaofaurftboo 
than  in  a  pipe  of  large  diameter.  Extreme  accuracy  is  not  to  be  ezpeeted  in 
such  matters. 

As  in  a  river  the  velocity  half  way  across  it,  and  at  the  surface,  is  usoally 
greater  than  at  the  bottom  and  sides,  so  In  a  pipe  the  velocity  ia  greater  at  the 
center  of  its  cross  section  than  at  its  circnmf.  The  mcaB  Telocity 
referred  to  in  our  rules  is  an  assumed  uniform  one  which  would  give  the  aoaif 
discharge  that  the  actual  onunlform  one  does. 

Hence 


IMseliaripe 

in  cub  ft  per  see 


Mean  weloeity  w  Area  of  erom  section 


in  ft  per  sec 


of  pipe  in  sq  ft. 


1  cable  foot     a  7.48052  U.  S.  gallons 

1  IT.  S.  gallon  >■  .13368  cubic  foot  ■■  231  cubic  inches. 


•  F«r  IntenMediaM  dlaiaotars, 
porttaa. 


•IS,  uln  InteriBAdlat*  eoefflaitatt 


froB  the  Ubls  l7  dsipit  J 
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f  n  the  OMM  of  long  pipes  with  low  heads,  the  sun  of  the  velocitr  aud  entry 
is  Area       -  -        ^  ^     "'• 


J  frequently  so  small  that  it  may  be  neglected.    Where 

thia  ia  the  eaae,  or  where  their  amount  cau  be  approximately  aaoerUln(Hi«  H.nU 
ter's  formala.  although  designed  for  open  channels,  may  be  used.  This 
formula  Is  the  joint  production  of  two  eminent  Swiss  enirineers.  E.  Ganguillet 
and  W.  B.  Kutier,  bat  for  convenience  it  is  usually  called  by  the  name  of  the 
Utter.* 

It  is,  properly  speaking,  a  formula  for  Unding  the  eoeffiolent  e  in  the  well 
known  rormula, 

▼elodtj  —  c  i/mean  radius  X  slope 


|diam€ 


iiameter 


According  to  Kutter, 

,U  +  ^  +  l^  ^. 00155       1 

slope n  ^_      ^ slope       » 

/^,  «  .    .00281  \  "■  /^  .  .00155  \ 


l/inean  rad  in  fsei  v^meau  rad  in  melrei 

See  also  tobies  of  e,  pp  666  etc 

The  meftn  mdias  is  the  quotient,  in  feet  or  in  metres,  obtained  by  dirid- 
Ing  the  area  of  wet  oroes  section,  in  square  feet  or  in  square  metres,  by  the  wet 
perimeter  (see  below)  in  feet  or  in  metres.  In  pipes  running  full,  or  exactly  half 
full,  and  in  semieiroular  open  channels  running  full,  it  is  equal  to  one-fourth  of 
the  inner  dlkmetar. 

The  iret  perimeter  is  the  sum,  abeo Fig G,  p 528,  of  the  lengths,  a b, 
be,eOf  in  feet,  or  in  metres,  fouud  btr  measuring  (at  right  angles  to  the  length 
of  tlie  channel)  such  paits  of  iu  sides  and  bottom  as  are  in  contact  with  the 
water.    In  pipes  running  full,  it  is  of  course  equal  to  ibe  Inner  circumference. 

For  the  slope,  we  have 

filoiie  •»  A*rfi»»  heed  v  o  Fig  1, 
^^^  **  length  of  pipe. 

In  open  duumels,  this  becomes 

^  Ihll  of  water  surface  in  any  portion  of  the  length  of  the  channel 
length  of  that  portion 

—  fUl  of  water  surface  per  unit  of  length  of  channel 

-•sine  of  the  angle  formed  between  the  sloping  surface  and  the  horisoo. 

The  number  indicating  the  slope  in  any  given  case  is  plainly  the  same  for 
{.nglish,  metric  and  all  other  measures. 

w  n »» Is  a  **  ecMlilelent  of  roiiff  hness**  of  wet  perimeter,  and  of  course 
depends  chiefly  upon  ibe  character  uf  the  inner  surface  of  the  pipe  as  related  to 
itssiae;  a  given  diff  in  roughness  resulting  in  a  greater  diff  of  n  iu  large  than  in 
small  pipes.  For  iron  pipes  in  good  order  and  from  1  inch  to  4  feet  diameter,  n 
may  be  teken  at  from  0.010  to  0.012 ;  the  lower  figures  being  used  where  the  pipe 
ia  in  exoeptionally  good  condition.    See  pp.  564-6. 

*8ee"Flowof  Water,"  translated  from  GanguiUet  and  Kutter,  by  Rudolph  Herinc 
and  John  C  Trautwine^  Jr.,  New  York.  John  Wiley  A  Sons,  1889.    94.00. 
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rnrvcs  and  bends  do  not  rrefttly  aflTect  the  diflcfaarge,  so  long  as  the  total 
headn,  and  total  actual  lengths  oi  the  pipes  remain  the  ftame ;  provided  the  topa 
of  all  the  curves  be  kept  below  the  hydraulic  grade  line ;  and  provision  be  made 
for  the  escape  of  air  accumulating  at  the  tops  of  the  curves. 

Relation  between  area,  veloelty,  and  dlscliarire. 

I^et  q  =  rate  of  discharae  (as  in  cubic  feet  per  second), 
t'  =  mean  velocity  (as  in  feet  per  second), 
a  —  area  of  cross  section  (as  in  square  feet). 

Then :     q  =  av:    v  —  - ;    a  =?. 

Relation  of  dlacharge  to  diameter  *and  slope.  If  wo  assume 
velocity  =  c  |/meau  radius  X  slope,  or  v  =  c  \/rs  (page  523);  and  if  the  pipe 
be  of  circular  cross  section,  we  have,  fur  tlie  rate,  Q,  of  discharge  through  a  pipe 
of  diameter,  dj  and  area,  At  of  cross  section,  running  full  :— 

or :  Q  is  proi)ortional  to  the  ^/g  power  (square  root  of  fifth  power)  of  the  diam- 
eter, and  to  the  ^  power  (square  root)  of  the  slope.  For  tables  of  filth  power?, 
aud  of  square  roots  of  fifth  powers,  see  pp  67-69. 

Effect  of  resistances. 
Tbe  pressure  head  of  running  water,  upon  any  point  in  a  pipe  between 
the  orifice  and  the  reservoir,  is : 

*ka  k^.^  ***«  ^*«*^  consumed 

S««  i^^Tk-      the  *"  overcoming  re- 

Sli  «V         +  «n<<T  +  sistances  in  the  pipe 
Vifi  ♦Li  „  ♦      bead        between  t  lie  reservoir 
.that  point  and  the  point. 

Thus,  at  the  point  6,  in  the  pipe,  I  o,  Fig  1,  the  pressure  head  is  A  »  (S  6)  -•  (1  6) 
—  [(1 2)  +  (2  3)1  ;  where  (t  2)  »  <  «  =  the  sum  of  the  velocity  and  entry  heads. 
At  4,  in  the  pipe  r  o,  A  =  (3  4)  =  (1  4)  —  [(1  2)  +  (2  8)]. 

In  Fig  1,  let  the  straight  line,  *  o,  represent  the  actual  length  of  the  pipe* 
whether  straight,  bent  or  curved,  etc.;  and  «  v  the  sum  of  the  resistances 
(supposed  to  be  uniformly  distributed)  within  the  pipe.    Then,  the  angle,  «  o  v, 
is  called  the  hydraulic  gradient,  and  sine  sov^sv-i-ao. 
In  the  vertical  pipe,  v  o,  Fig  1  i4,  the  pressure,  at  9,  is  »  ^  (L 

•Diameter  =  4  X  mean  radius,  or  d  —  4  r  (p  828). 


(the  total 
=»  <  head  on      >■  minus 
(that  poini 


nt) 
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TABIA  OF  WEIOHT  OF  WATER  COHTAimEB  IJt  OME 
FOOT  UBITGTH  OF  PIPES  OF  DIFFEBEIVT  BOBEB.  • 

(Original.) 

Water  at  maximaiii  dentiij,  C2.425  lbs.  per  cabio  foot « 1  gram  per  cubic  centi< 
meter;  corresponding  to  a  temperature  of  4°  Centigrade  »  39.2^  Fahrenheit. 
Weight  a-  0.340476658  X  square  of  bore  in  inches. 


Bore.* 

Water. 

Bora* 

Water. 

Bore.* 

Water. 

Bore.* 

Wster. 

Ins. 

Lbs. 

Ids. 

Lbs. 

lus. 

Lbs. 

Ins. 

Lbs. 

0.006820 

6 

12.25712 

28 

180.1116 

62 

1308.788 

L ' 

0.021280 

(L^ 

13.29963 

24 

196.11.9 

68 

1351.347 

Sz 

0J)47879 

874 

14.38609 

25 

212.7972 

64 

1304.588 

H 

0.Q6S119 

6%[ 

15.61292 

26 

280.1619 

66 

1438JW9 

R 

0.138996 

7 

16.68830 

27 

248.2067 

66 

1483.112 

^l 

0.191518 

"fViC 

17.89625 

28 

266.9828 

67 

1528.395 

K 

0.280677 

7!^ 

19.15175 

29 

286.8899 

68 

1574.359 

1 

0JMOI76 

nS 

20.44981 

30 

306.4280 

60 

1621.004 

iH 

0^480914 

8 

21.79044 

31 

827.1970 

70 

1668.880 

ig 

0J»199S 

23.17362 

32 

848.6470 

71 

1716.387 

0.648712 

gl2 

24.59936 

88 

370.7779 

72 

1765.02.'^ 

IV 

0.766U70 

8% 

26.06766 

34 

398.5897 

78 

1814.3IM 

\0. 

OJ99068 

9 

27JS7862 

85 

417.0826 

74 

1864.444 

]£ 

1U>42706 

9^4 

29.18194 

86 

441.2563 

75 

191.1175 

i^l 

1.196964 

912 

80.72792 

87 

466.1110 

76 

1966Jy87 

2 

1.861902 

oO 

82.86646 

88 

491.6467 

77 

2018.680 

2Mi 

1.687460 

10 

84.04766 

89 

517.8633 

78 

2071.468 

2W 

1.72H658 

lOH 

87jy3748 

40 

544.7609 

79 

2124.908 

2^  1 

1.920495 

11 

41.19754 

41 

572J»94 

80 

2179.044 

2(2 

2.127972 

"H 

45.02789 

42 

600.5989 

81 

2233.860 

254 

2.346069 

12 

49.02848 

48 

629.5398 

82 

2289.358 

20? 

2^74846 

1214 

63.19931 

44 

650.1607 

83 

2345.536 

jS 

2.814243 

18 

67JM037 

40 

689.4630 

84 

2402.396 

8 

8.064280 

ISK 

62.06167 

46 

720.4463 

85 

2459.986 

8.824957 

14 

66,78321 

47 

752,1105 

86 

2518.167 

gL 

8.596273 

uii 

71JS8499 

48 

784.4557 

87 

2577.060 

m!  1 

8.878229 

15 

76.60700 

4t 

817.4818 

88 

2636.648 

8V 

4.170826 

19H 

81.79925 

50 

851.1889 

89 

2696.907 

M| 

4.474062 

16^ 

87.16174 

61 

886.5769 

90 

2757.862 

j(S 

4.787988 

16^ 

92.69447 

52 

920.6459 

91 

2819.478 

fa,' 

6.112458 

17^ 

98.39744 

53 

956.8958 

92 

2881.786 

4 

6.447609 

17H 

104.27064 

54 

992.8267 

98 

2944.778 

6.149840 

18^ 

110.31408 

55 

1029.9386 

94 

3006.442 

6.894680 

18^ 

116JS2776 

56 

1067.7814 

95 

8072792 

^0 

7.681980 

19^ 

122.91168 

67 

1106.2061 

96 

8187J28 

5 

8.511888 

19H 

129.46583 

58 

1146.8698 

97 

8203J»5 

5»< 

9.384858 

20^ 

186.19022 

69 

1186.1964 

98 

3269.927 

*H 

10.299386 

21 

160.14972 

60 

1226.7120 

99 

8337.001 

J«_ 

11.266978 

22 

164.79017 

61 

1266.9096 

100 

8404.766 

The 

circular    , 
inner  diameter. 

other  diameter ^,         -     ^  .  •  -     «  ,     . 

inch  pipe,  0.840476558,  by  the  square  of  the  in  ner  diameter  of  the  given  cylinder  in 
Inchee.  Thus,  for  a  cylinder  120  inches  diameter :  diameter*  » 120»a  14400,  and 
weight  of  water  in  1  foot  depth  =  0.840475658  X  14400  -  4902848  lbs.  Or,  weight 
for  120  ins.  diam. « 100  X  weight  fbr  12  ins.  diam. »  100  X  49.02848  «  4902.848  Rw. 
Similarly,  (^)  '  «  ^^  «-  0.191406,  and  0.840476568  X  0.191406  =  0.066169  lb.  - 
weight  in  1  foot  of  ^  inch  pipe.  Here,  also,  ^  »  haff  of  { ;  hence,  weight  for 
^  ineh  «  on^-fipmrtk  of  weight  for  }  inch  -•  one-foorth  of  0.260677  -  0.065168. 

Welffht  of  one  aqaare  Incli  of  water  1  foot  lilffh,  st  62426  lbs. 
per  ciibte  foot  =  62.425  +  144  =  0.433507  lb.  

*  Actual.    See  nominal  and  actual  diameters,  foot  note,  p  526. 
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.pes*.  AreaJit  Contents i  Sanare  roots  of  Diameters.   Orlglxial. 

D  =  diameter*  in  Inches ;  d  =  diameter  in  feet. 

A  =  cross  section  area  in  sq  ft,  =  cub  ft  in  1  ft  lengtli. 

For  d,  see  p  221.  Thus;  let  D  =  17%  ins  =  12  ins  +  6%  ins. 

len  (p221)   d  =  1ft  -f  0.4792  ft  =  1.4792  ft.    Or.  sqnare     <T, 

A  V~d 


-V  d 


<d 


V* 
'41   0, 

v« 
"'^^ 

"A« 
•A 

Vs 
"A« 

">;• 

»A<i 
•A 
"/if 
'A 

Vs 

y» 

•A 
•A 

'A 


0.0003409 

0.144 

0.0005327 

0.161 

0.0007670 

0.177 

0.001044 

0.191 

0.001364 

0.204 

0.001726 

0.217 

0.002131 

0.228 

0.002578 

0.239 

0.003068 

0.250 

0.003601 

0.260 

0.004176 

0.270 

0.004794 

0.280 

0.005454 

0.289 

0.006157 

0.298 

0.006903 

0.306 

0.007691 

0.315 

0.008522 

0.323 

0.009396 

0.331 

0.01031 

0.339 

0.01127 

0.346 

0.01227 

0.354 

0.01332 

0.361 

0.01440 

0.368 

0.01553 

0.375 

0.01670 

0.382 

0.01792 

0.389 

0.01918 

0.395 

0.02047 

0.402 

0.02182 

0  408 

0.02320 

0415 

0.02463 

0.421 

0.02610 

0.427 

0.02761 

0.433 

0.02917 

0  439 

0.03077 

0.445 

0.03240 

0.451 

0.03409 

0.456 

0.03581 

0.462 

0.03759 

0  468 

0.03939 

0.473 

0.04125 

0.479 

0.04315 

0.484 

0.04508 

0.489 

0.04707 

0.495 

0.04909 

0.500 

0.05327 

0  510 

0.05761 

0.520 

0.06213 

0  530 

0  06681 

0.540 

0.07167 

0.550 

0.07670 

0.559 

0.08190 

0.568 

4. 


10. 


11. 


12. 


13. 


14. 


0.08727 

0.09281 

0.09851 

0.1044 

0.1105 

0.1167 

0.1231 

0.1296 

0.1364 

0.1433 

0.1503 

0.1576 

0.1650 

0.1726 

0.1803 

0.1883 

0.1964 

0.2131 

0.2304 

0.2485 

0.2673 

0.2867 

0  3068 

0.3276 

0.3491 

0.3712 

0.3941 

0.4176 

0.4417 

0.4667 

0.4922 

0.5185 

0.5454 

0.5730 

0.6013 

0.6303 

0.6599 

0.6903 

0.7213 

0.7530 

0.7854 

0.8185 

0.8522 

0.8866 

0.9218 

0.9575 

0.9940 

1.031 

1.069 

1.108 

1.147 

1.187 


0.577 
0.586 
0.595 
0.604 
0  612 
0.621 
0.629 
0.637 
0.645 
0.654 
0.661 
0.669 
0.677 
0.685 
0.692 
0.700 
0.707 
0.722 
0.736 
0750 
0.764 
0.777 
0.791 
0.804 
0.816 
0.829 
0.842 
0.854 
0.866 
0.878 
0.890 
0.901 
0.913 
0.924 
0.935 
0.946 
0.957 
0  968 
0.979 
0.990 
1.000 
1.010 
1.021 
1031 
1.041 
1.051 
1.061 
1.070 
1.080 
1.090 
1.099 
1.109 


% 


15. 


16. 


17. 


18. 

20. 
21. 
22. 

23. 

: 

24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
38. 
40. 
42. 
44. 
48. 
54. 
60. 
66. 
72. 
78. 
84. 
90. 
96. 


1.227 
1.268 
1.310 
1.353 
1.395 
1.440 
1.485 
1.S30 
1.576 
1.623 
1.670 
1.718 
1.767 
1.867 
1.969 
2.074 
2.182 
2.292 
2.40S 
2.521 
2.640 
2.761 
2.885 
3.012 
3.142 
3.409 
3.687 
3.976 
4.276 
4.587 
4.909 
5.242 
5.585 
S.940 
6.305 
6.681 
7.069 
7.876 
8.727 
9.621 
10.56 
12.57 
15.90 
19.64 
23.76 
28.27 
33.18 
38.49 
44.18 
50.27 


1.118 
1.127 
1.137 
1.146 
1.155 
1.164 
1.173 
1.181 
1.190 
1.199 
1.208 
1.216 
1.225 
1.242 
1.258 
1.275 
1.291 
1.307 
1.323 
1.339 
1.3S4 
1.369 
1.384 
1.399 
1.414 
1.443 
1.472 
1.500 
1.528 
1.55S 
1.581 
1.607 
1.633 
1.658 
1.683 
1.708 
1.732 
1.780 
1.826 
1,871 
1.91  S 
2.000 
2.121 
2.236 
2.345 
2.449 
2.550 
2.646 
2.739 
2.828 


•Caution.  In  the  tables,  pp  526  and  526,  the  diameters  or  bores 
i  the  actual  ones,  as  mesured  in  incheB.  Wrought-iron  and  steel 
am,  gas  and  water  pipes  are  commonly  designated  bj  flctitioua 
MnominaP*  diameters,  which  are  mere  arbitrary  names.  In  the 
aller  sizes  especially,  the  discrepancies  are  serious.  Thus,  the 
)e  whose  "nominal"  inner  dlam  is  one  eiahih  inch  has  an  aetuai 
ler  diam  of  fuU  quarter  inch.    See  p  11G4.  <    r^r^.^ic> 
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Art.  S.   Tlie^rj  of  flow  In  Ions  pipea  and  eluumela. 

Boolsioaiee  to  flow.  When  one  solid  oody  moTea  over  another,  most 
of  iU  puticlea  retain  praeticallr  their  original  relatire  pUees;  but  wheo 
water  flows,  as  in  a  pipe  or  channel,  the  roughnesses  and  irregularities, 
which  exist  in  even  the  smoothest  surfaces,  disturb  the  current,  the  several 
particles  describing  spiral  or  other  paths  not  parallel  to  the  general  direction  of 
flow.  Besistance  to  flow  is  beliered  to  be  due  to  such  disturbances,  rather  than 
to  firiction  proper,  as  we  understand  it  in  solids.    See  p.  407,  and  f  194,  p.  416. 

In  the  abseoce  of  complete  knowledge  respecting  the  nature  of  these  disturb- 
ances, we  are  forced  to  rely  upon  experiment  in  determining  the  manner  and 
extent  of  their  influence  upon  the  flow. 

McoB   Teloeltyi  rmte  of  dlscliaivo.    Figs  A,  B.    In  a  pipe  or 


FiiT*  A. 


VOoettiet,  ft,  per  mewmd 


F1«.B. 


&a  iJ»  S.9' 

VtloettUa^  ft,  per  aeeona 

channel,  owing  to  the  disturbing  influence  of  contact  with  the  sides,  the 
particles  of  water  move  in  tortuous  paths.  The  mean  weloelty,  through 
the  entire  cross  section  at  anj  point,  is  the  quotient  obUlued  by  dlyiding  the  rate 
of  discharge  by  the  area  of  cross  section.  At  mny  riven  point  in  a  cross 
section,  tne  weloeitj',  as  recorded  by  any  form  ofcurreiit  meter,  is  the  com* 
ponent,  parallel  to  the  axis  of  the  pipe,  of  the  actual  Telocity  of  the  particles 
passing  that  point.  We  deal,  at  present,  only  with  cases  of  **  steady  flow," 
t.  e.,  where  the  velocity,  at  each  point,  remains  constant. 

The  weloeitles,  as  measured  at  different  points  in  tlie 
cross  section  of  a  pipe  or  channel,  are  generally  least  near  the  sides  of  pipes, 
and  near  the  sides  and  bottoms  of  channels. 

In  Fig  A,  the  longitudinal  section  shows  one  of  many  series  of  velocity  meas- 
urements by  Messrs.  Williams,  Hubbell  and  Fenkell*  on  a  cast  iron  pipe,  16  ius 
diameter.  The  measurements  were  made,  by  means  of  the  Pilot  tube,  on  a  ver- 
tical diameter,  such  as  A  A  in  the  cross  section.  The  horizontal  distances  of  the 
several  points  in  the  curve,  a  6  c,  from  the  vertical  line,  0,  represent,  by  the 
scale  below  the  figure,  the  velocities  at  the  several  points  in  the  diameter.  In  the 
cross  section,  the  several  curved  lines  are  lines  of  equal  vel. 

Fig  B  shows  the  results  of  measurements  of  velocities  in  a  crosfl  section  of  the 
Sudbury  Conduit,  Mass.,!  9  feet  wide,  8  feet  deep.  In  the  longitudinal  section, 
the  velocities,  at  different  depths  on  the  lines  A  A  and  B  B  of  the  cross  section. 
•re  (approximatelv)  indicated  as  in  Fig  A.  In  the  cross  section,  the  several 
corred  lines  are  lines  of  equal  velocity.  The  innermost  one  corresponds  to  a 
velocity  of  8  ft.  per  second ;  the  next,  to  2.9  ft.  per  second,  and  so  on. 

•  Trans.  Am.  Soc.  Civ.  Engrs.,  VoL  XLVII,  plate  LV,  p.  66. 
tF.  P.  Steams,  Trans.  Am.  Soc.  C.  E.,  Aug.  1888,3X01.  £^ 


528  HYDRAULICS. 


Formnlas  Ibr  dtaeliarse,  q,  and  mean  Telocity,  v.  In  a  giren 
eiiffth,  L,  of  a  straight      ■  ^  -       .- 

Beferring  to  Fig.  C,  let 


leiiffth,  L,  of  a  straight  pipe  or  eliaiinel  of  uniform  wet  cross  section. 


L  =  the  given  length ; 

p  =  the  wet  perimeter,  abeo; 

A  =  L  p  =  the  area  of  the  wetted  surface ; 

a  =  the  cross  section  area  of  the  liquid  stream ; 

r  s  —  =  the  mean  radius  of  its  cross  section : 

P 
d  =  diam  of  pipe;* 
q  =■  the  rate  of  dischnrge 
=  volume  possiug  a  given  cross  section,  a,  in  unit  Ume; 

V  =  ^  «  the  mean  velocity ; 

A,  =  5—  =  the  Telocity  head; 

mo,f,F^^  resistauce  factors,  as  explained  below  and  at  top  of  p  530. 
hf  a  the  resistaooe  (or  "  fHction  ")  head  in  the  length,  L ; 

*  =  -£  =  the  slopes 

Tt  is  generally  held  that  the  resistances  to  flow  are  directly  proportional  to  A 
and  to  some  power  (usually  taken  as  i^f)  of  v,  and  inversely  proportional  to  a. 
Or: 

fricUon  liead.  A/  =  m =  m  — ^-—  =  m ;  and  m  =  hfj—z  =  — =-; 

'  CI  <l  r  *  L§  It  tf* 

whence 

Let     c  =  ^  /— ;     TO  =  -j  .       Then  we  hare  the  CSieay  fomulai^ 

velocity,  V  =   ei/  r  s    =  c\/  r  \/  $    «   0  f^*  «<^*. 

For  "  Eutter's  formula,"  giving  values  of  c,  see  p  623,  and  pp  664  to  674.  For 
tables  of  c,  by  Kutter's  formula,  see  pp.  566  to  670. 

Tlie  reflistanee,  or  rongrhnefui  Daetor,  such  as  m,  /,  F  or  c,  above, 
or  e^  in  the  Uazen  formula  below,  must  be  selected  by  judgment,  or  determined, 
as  by  nutter's  formula,  pp.  628^  564,  Ac,  according  to  the  known  or  assnmed 
condition  of  the  wetted  surface. 

Weiiibaeh*8  formiila  for  friction  head.  Ay  «  m  />  v»/r,  in  feet  and 
seconds,     {g  =  82.2  ft  per  sec  per  f«ec.) 

Friction  bead  b/  -  10.0144  +  (0.017  /  j/v)l  L  x^  /  2  0  d. 

This  formnla  is  based  upon  early  experiments  with  small  pipes. 
For  pipes  above  say  20"  diaxa,  modern  practice  shows  {greater  friction 
heads  for  given  yels.     Compare  Fig  D,  pp  620  a,  529  b. 

*  In  full  semi-circular  channels,  and  in  full  or  half-full  pipes,  d  »  4  r. 
t  See  "Exponential"  formulas,  p  529.  ^.^.^.^^^  ^^  (^OOg IC 
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Art.  ta.  ** Exponential'*  ftonnitUw.*  CartAil  windy  of  ezpcri- 
menU  apon  bu^  aodrauU  pipes  and  cbauuels,  under  ynrying  ooiiditious,  iuUi- 
eatee  that  the  mean  velodtj  dependa,  uot  upon  the  tguare  ruou,  or  0.5  poweit,  uf 
r  and  of  «,  but  generaJlj  upon  Mmewhat  higher  powers :  and  thai  the  iuuocuracy, 
iBTolTod  ill  taking  0.5  for  the  expoueuls  in  the  Chesy  formula,  acoounis  for  the 
wide  Tariation  of  the  Chezy  c,  with  r  and  witli  m,  for  a  giyeu  coudiiion  of  inuer 
mrfkce  of  pipe  or  chanueL 

Ctaurdnev  S.  WtHinmg  and  Allen  Haaen  adopt  the  formula  :— 

the  laal  Actor,  0.001-»m  -  0.0Olo-» - om »  1000«*«  «  1.82,  being  inserted  In 
order  to  make  their  raluea  of  e^,,  iu  ordinary  cases,  more  nearly  equal  with  the 
Talues  of  e  in  the  Chesy  formula.f  To  facilitate  the  application  of  their  formula, 
they  furuish  a  "hydraulic  slide  rale."  by  means  of  which  meau  Tela:  and  the 
leases  of  head  due  to  different  rels  in  different  pipes  and  chaunels,  may  be  readily 
found.    Their '  *  Hydraulic  Tablfls/*)  hare  been  calculated  in  this  way. 


Vim  ]>,  pp  689  a  and  5.    IMasTani  of  dlsciiarvea,  Telocttics  and 

liead-lOflTOS,  iu  pipes  and  conduits,  by  Wiliiam»-Iiasen  formula,  as  aboT& 
Example.    GiTen  a  24'  cast  iron  pipe.  2000  ft  long,  to  carry  2,000,000 
gal8/24  hn,  after  40  yrs  use  carrying  av  son  unAlterd  water.      Keqd,  the  yel 
and  the  head-loss. 

Telocity.  SUrting  at  2>,  on  lower  scale  (2,000,000  gals/24  hrs)  follow  the 
f«rt  line  until  it  meets,  at  i?,  the  inclined  dotted  line  for  24'  pipe.  The  bur  line, 
thru  £,  giyes  the  reqd  rel,  1  ft/sec. 

Head-loMk  On  small  diagram  A  (either  page)  find  intersection,  B,  of  40-yr 
age  line  with  curyd  line  for  24'plpe,  giyiog  ca^^SO.  Find  intexBection,  C,  of  line 
for  CH*80  with  curyd  line  of  maiu  diJ4;ram  for  24^  pipe.  Follow  the  direction  of 
the  tolid  inclined  Hoes  from  C  to  the  intersection,  K  with  the  hor  line  for 
▼el  =  1  ft/sec.  From  F,  follow  the  yert  line  to  O,  on  tne  lower  scale,  ffiviug  the 
reqd  head-loss,  0.4  ft/XOOO  ft »  0.8  ft  in  the  giyen  length  of  20U0  ft.  (And  yice 
I.) 


In  diagram  A^  the  cury  markt  oe  applies  to  eases  where  the  diam  is  not 
veduced  by  aeryioe,  and  to  large  pipes  in  general. 

Approzlniate  Taluee  of  cat 
Pipes  and  eondnlta,  ranningr  ftall ; 
S  to  60  ineliee  diameter;  Ower  60  inches  diameter; 

Cast  iron ;  Cg  Iron,  masonry,  etc.  Ch 

Very  best,  new,  carefully  coated  Extremely  smooth  and  straight,  140 

and  laid 140  Very  smooth 130 

Good,  new 180  to  120  Good  masonry 120 

Iu  fair  condition 100  Brick  sewers 100 

Tuberculated 80  to  40  Bough W 

Biyeted  steel ;  Very  rough 80 

New 110       Tile  sewers; 

Ten  years  old 100  4  to  86  ins  diam 110 

Open  eliannels.  (For  a  giyen  character  of  surface,  and  given  net  periiu* 
flier,  c^  like  c  in  the  Chezy  formula,  is  max  for  max  area  of  cross  svctiuu.) 

Sudbury  conduit, 8ft  wide,       Ce  Bough  masonry,  4  ft  wide,              «„ 

1  to  5  ft  deep 180  to  140  1ft  deep 65  to  75 

Smooth  wood 110  to  140  Grayel 50  to  80 

Unplaned  plank lOOto  120  Earth,  yery  rough 66  to  75 

Good  Masonry 80  to  120  With  mud,  gnaa  niid  weeds. ..85  to  70 

e  Formulas  in  which  the  exponents  are  other  than  0.5  baye  been  called  ' '  expo- 
nential," in  order  to  dlstinaiiish  them  from  those  where  the  exponent  is  0.5 ;  but 
these  last  are,  of  course,  no  less  "exponential." 

tThe  yalues  of  e,  given  by  the  Kutter  formula  and  In  onr  tables,  pp.  666,  etc., 
contain  the  correctiou  necessiuted  by  the  fact  that  the  yelocity  ii  not  strictly 
proportionate  to  the  square  roots  of  r  and  of  «. 

1  Hydraulic  Tables.    John  Wiley  A  Sons,  New  York.  ^,^,^1^ 
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duUt,  hy  WURama-Haxen Tormtdoi V^Cg  r«"  •••■*  0.001 
ie  feet  per  teeond 

'r     a  ???««§     i  llllli 


19 
9 

8 
7 

6 
5^ 

5 

4.6 

4 


in  niiUuyfU  cfifoUons  per  twenty/our  M^^^.e^  by  GoOglc 
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Friction  teetor.    I^t 


2gm  -  ^-  2f7. 


VLTi-2^- 


«»' 


F-4/»-2^.4i. 


F  or  /  la  usually  called  tlie  frietion  factor.  It  expresses  the  relation 
(determined  by  the  condition  of  the  wetted  surface  of  thepipe  or  channel)  between 
Telocity  and  dimeusions,  on  the  oue'hand,  and  the  resistance  to  flow  on  tb« 
other.    Thus 

Tatnes  of  friction  tector,  F,  for  iron  pipe.   See  page  081. 
VeloeUiea  i  n  feei  per  aeeond 


^iJL    U.3      0.3  1  t 

'j>lfff^ittes In  feft  per  <: 


5 

r  f-  n  if 


Exfunple  of  use  of  dia|rr»ni.  Glren  a  6  inch  plpe^  in  fklr  oondition. 
In  the  column,  on  the  right,  heaaed  "  Fair,"  find  diam,  6  ins.  Following  to  the 
left  the  direction  of  the  short  inclined  line,  preferably  by  means  of  a  nile  or 
straight-edge  of  paper,  we  find  that  it  coincides  nearly  witii  one  of  the  inclined 
lines  which  crora  the  diagram.  By  means  of  the  Intersections  of  this  line  with 
the  others,  we  find  that,  for  the  pipe  in  question,  a  velocity  of  5  ft  per  sec  corre- 
sponds approximately  with  F  »  0.035j  0.5  ft  per  sec,  F  —  0.048,  etc.,  etc. 


♦  "Old," 
Kutter's  "i 


'fair,"  and    "new" 
"  (p.  564)  as  follows: 


correspond  approximately  with  values  of 


Diameter... 

3  inch 

6  inch 

12  inch 

60  inch 

120  inch 

Slope,  in  ft 
per  1000  fl 

10.0     1.0 

10.0     1.0 

10.00     0.4 

10.00   0  05 

1.000  0.025 

n        n 

n       n 

n      n 

n       n 

n       n 

Old  - 

Fair>. 

New 

0.012  0.013 

0.011  aoii 

0.010  0.010 

0.014  0.014 
0.012  0.012 
0.010  0.010 

0.015  0.016 
0.013  0.014 
0.011  0.012 

0.018  0.020 
0.014  0.015 
0.012  0.018 

0.019   0.021 
0.015  0.017 
0  013   0  014 

•  This  applies  where  c/  »  4  r.    In  pipes  running  full  or  half-full,  and  in  aenu* 
olrculur  channels  running  full,  d  —  A  r. 
tSee  Mechanics  of  ICnKineeiing,  l»y  I.  P.  Church.  1890,  p.  714.  Eq.  (f). 
tSee  Uydruulics,  by  Maustield  Merriiuan,  1905,  p.  ii09,  Eq.  (86). 
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Art.  4*   T»  llBd  tlie  dUieliiirve,  a,  ttivooyli  a  Ions  oom- 
pOBBd  pipe,  or  pipe  of  Tarjing  diameter,  Fig.  1 H. 


( 


liff.  1  H. 


Lei 

'if   Jfi   4i    ^c*  ™  the  lengths  of  the  serenl  portioos  of  the  pipe ; 

dif  d^  d^,  etc  =  the  correBponding  diameters ; 

^t  «b  v^    otc.  » the  oorrespoDdiDg  Telocities ; 

^1,  Fa»  F|^  «tc-  =  the  corresponding  Talues  of  the  resistance  or  "  friction  • 
factor.    See  p.  680. 

L  =-  /i  +  2}  +  ^  +  etc.  -  the  total  length  of  the  pipe; 

H  »  the  total  head  (p.  516) ; 

q  a- rate  of  discharge  =»  }i^d^  vi  —  M^**,  ^  ™  •**• 

In  a  long  pipe,  the  Telocity  and  entry  heads  are  usually  negligihle,  relativelj 
to  the  friction  head.    Neglecting  them,  we  have 

H  »  total  head  »  friction  head. 

In  each  portion  of  the  pipe,  the  resistance,  and  the  oorrespondfpg  "friction** 
head,  hfi  are  helieTed  to  be  proportional  directly  to  the  length,  /,  of  such  poriiou, 

and  to  the  Toloelty  head,  s— ,  and  inversely  to  the  diameter,  d;  or 
Iff 


Heooc^ 

and,  since  «i 
we  have,  also, 


'f'^Tr,- 


di**d, 


dt  »*<*; 


--'2'('.-i*-i--') 


eta 
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Art.  4  a.*  Tlie  V^ntnri  Meter  Is  designed  for  the  measurement 
of  the  flow  of  liquids  in  pipes  of  large  dimensions,  running  full. 

The  meter  proper,  patented  by  Clemens  Herschel,  consists  es- 
sentially of  a  mere  constriction  in  the  area  of  cross-section  of  tho 
pipe,  with  openings  in  the  pipe  opposite  its  normal  and  its  con- 
stricted diameters,  for  measuring,  by  plesometers  or  pressure- 
gauges,  the  pressures  at  those  points ;  while  the  reslster  is  an 
elaborate  mechanism,  provided  with  clock-work  and  diala. 

Theory .t    Let  Figs.  1   to  8 
represent  a  Venturi  meter  tube,  Fig.  1. 

with  three  piezometers  in  place, 
Tis.:  No.  1,  over  the  tube  up-stream 
from  the  constiiction  ;  No.  2.  over 
the  oonstriction  itself;  and  No.  3, 
OTer  the  tube  down-stream  from 
the  constriction.  Let  the  unshaded 
area  W  in  Figs.  1  to  3,  represent 
the  depths  at  which  the  water 
stands  above  any  assumed  horl- 
sontal  datum  plane  0-0;  and  let 
the  shaded  area  A  represent  the 
uniform  pressure  of  the  atmos- 
phere, which,  for  convenience,  we 

may  suppose  to  be  converted  into  some  liquid  of  the  ppeeifle  gravity  of  water, 
but  distingnlBhable,  by  its  appearance,  from  the  water. 

The  vertical  distance,  between  the  upper  boundary  of  this  latter  area  and 
any  given  point  in  the  tube,  represents  the  combined  pressure  of  air  and  water 
at  such  point. 

The  velocities  in  the  meter  tube,  at  any  insunt,  are  of  necessity  inversely 
proportional  to  the  areas  of  cross  section;  and,  as  the  heads  corresponding  to 
the  several  velocities  ara  proportional  to  the  squares  of  those  velocities,  the 
remaining  or  pressure  heads  must  vary  also,  the  smallest  or  lowest  pressure 
head  standing  over  the  throat,  where  the  velocity  is  greatest 

The  increase    of  Telocity,  ao- 
Fie.  2.  quired  by  the  6uld  in  passing 

from  section  1  to  section  2,  &  again 

rven  up  in  passing  from  section 
to  section  3;  and,  in  the  case  of 
a  perfect  fluid,  the  pressure  lost 
between  sections  1  and  2  would  be 
perfectly  restored  in  passing  from 
section  2  to  section  3.  In  practice, 
a  small  total  loss  occurs.  This  loss 
it  greater  with  high  than  with  low 
▼efocities. 

^        For  a  given  head  in  pieionieter 

O  ^     No  1  and  given  diameter  of  pipe 

at  section  1,  the  expenditure  of 
head  in  velocity  t>etween  sections 
1  and  2  increases  as  the  area  of  the  throat  is  diminished  and  as  the  throat 
velocitv  is  thereby  increased.^  In  Ftg.  2  is  showu  the  case  where  all  of  the 
water  bead  above  the  top  of  the  throat  is  required  to  maintain  the  velocity 
through  the  throat 

In  Figs.  1  and  2  the  bead.  If,  expended  in  the  increase  of  velocity  between 
sections  1  and  2  is  represented  by  tne  difference  In  level  between  the  tops  of  the 
two  water  columns  1  and  2.  or  between  the  tops  of  the  two  corresponding  air 
columns.  In  Fig.  2  this  difference  is  equal  to  the  total  vertical  height  of  the 
water  column  at  section  1  above  the  top  of  the  throat  at  section  2. 


*  Abridged  from  a  deseript<on  prepared  by  the  writer  as  Chairman  of  a  Com- 
mittee of  the  Franklin  Institute.  Journal  of  the  Fhmklin  Institute^  Februsry, 
1899. 

t  The  Venturi  meter,  apart  from  its  merits  as  a  measuring  device,  eml>odies 
important  hydraulic  principles.  Hence  its  theory  is  here  stated  more  fully  than 
would  otherwise  be  necessary. 

t  In  a  given  Venturi  tube  the  pressure  and  velocity  at  the  throat  may  be 
varied  also  by  modifying  those  at  sectons  1  and  3,  as  by  regulating  the  openings 
of  the  valves  of  Influx  to  and  of  etSux  from  the  meter  tufc».  by  changing  the 
total  head  on  the  system,  etc.  .p?ecfBV^  ' 
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If  Dotr  (Fig.  8)  the  thront  see* 
tlon  be  BtUl  fttriher  reduced 
(the  other  conditions  remain- 
ing aa  before),  the  throat  Teloc- 
ity win  thereby  be  still  further 
increaaed;  for  the  £ota/ presrare 
aTailable  for  increase  of  veloc- 
ity between  sectional  and  2  con- 
sists not  merely  in  the.  depth  of 
waUnr  above  the  tube,  but  also 
in  the  aimo^>herie  preuwre,  rep- 
resented by  the  sliaded  area  A 
above  the  water  W. 

In  Fig.  8  all  the  water  has  dis- 
appeared from  pieaometer  2,  and 
even  a  portion  of  the  Uqnid 
representing  the   air  has  also 

disappeared,  leaving  only  a  portion  of  the  latter  to  represent  such  pressure  aa 
now  remains  in  the  throat.  In  other  words,  the  pressure  within  the  throat  is 
now  less  than  the  atmoeplieric  pressnre. 

In  Fig.  8,  the  loss  of  head,  due  to  increase  of  velocity  between  sections  1  and  2, 
is  H=  Aw  +  A«  s  the  entire  available  head  of  water,  Aw, plus  a  portion.  A«,  of  the 
atmospheric  pressure.  The  latter  portion,  km^  is  rrequeutly  called  "the 
vacuum." 

The  top  of  the  water  column  having  now  disappeared  below  the  top  of  the 
throat,  it  is  no  longer  feasible  to  ascertain  the  loss  of  head  by  taking  the  dilTer- 
ence  between  the  levels  of  the  water  sorfaoes  in  piessometers  1  and  2.    The 

degree    of    *' vacuum"    may   be 
-       '  •  i„   Fig.  4,  by 


Fie.  4. 


found,  as  shown  in  Fig. 
using,  in  place  of  the  pieaometers, 
a  glass  tube  bent  over  and  led 
downward  into  an  open  vessel  con- 
taining water  or  mercury.  The 
height  to  which  the  water  for  the 
mercury,  converted  into  reet  of 
water)  xises  in  this  tube,  shows 
the  extent  of  the  vacuum,  or  the 
portion,  A«,  of  the  air  pressure 
which  has  been  called  into  service 
in  producing  the  high  velocity 
through  the  throat.  By  adding 
this  to  Aw.  we  obtain,  as  above, 
the  total  loss  of  hted  H  between 
sections  1  and  2. 
When  the  reduction  of  area  at  the  throat  has  proceeded  so  far  that  the  entire 
available  pressure  of  water  and  air  at  section  1  is  required,  in  order  to  main- 

Fio.  6. 


M?4l 


tain  the  corresponding  velocity  through  the  throat  (».  «.,  when  the  line  repre- 
senting the  upper  surface  of  the  air  falls  to  the  level  of  the  top  of  the  throat), 


) 
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DO  further  increase  of  throat  Telocity  can  be  secured  (with  a  given  total 

orer  section  \)hj  still  ftirther  narrowing  the  throat.  If  the  throat  is  lurilier 
narrowed,  the  velocity  through  it  will  remain  the  same;  and,  the  rate  of  dis- 
charge being  thus  diminishMl,  the  velocity  through  section  1  will  be  neces- 
sarily reduced.    In  other  words,  throttling  begins. 

I^t  ti  be  the  velocity  in  section  1,  above  the  throat,  and  V)  the  **  throat  t^oo- 
ity,"  or  velocity  in  the  throat  or  section  2. 

Neglecting  reaisuiices.  Fig.  5,  the  vdociiy  head  at  section  1,  measured 
assumed  datum  represeuted  uy  the  up))er  hurizoutal  lines,  is 


and  that  at  section  2  is 


Neglecting  resistances  to  flow,  the  loss  of  bead,  between  sections  1  and  2g 
or  "  the  head  on  the  Venturi,"  is  equal  to  the  increase  in  the  velooity  liead,  of 
to  the  loss  in  pressure,  l)etween  a^,  and  a^  or 

Hence,  A,  =  ^=H  +  *i 

and  throat  velocity  »  »,  »  V2j^(H  +  A,)  =  ^2g{H+  ^)  • 

In  other  words,  the  velocity  at  the  throat  is  that  corresponding  to  the  "head 
H  on  the  Venturi,"  plus  the  head  correspondiug  to  the  velocity  of  approach  r^ 
in  section  1. 

But,  since  the  velocities  are  inversely  as  the  areas  of  cross-section  Oi  and  s„ 

v.»-^%,«      (l-^)v,^      V-V^i 
2g  2g  ^9  2ff 

and  throat  Telocity  «  v,  «  ./     ^^        V^~a, 

The  ratio  -^ 

between  the  area  a^  of  cross-section  at  the  throat,  and  that,  0|,  at  the  npper  end 
of  the  upstream  cone,  is  called  the  throat  ratio.   For  a  ratio  of  1 : 9  we  have 

or  es  —  lJ0OQ2y2ffH, 

The  Tentnri  tube,  for  pipes  not  over  80  inches  in  diameter,  b  formed  of 
several  short  sections  of  cast  iron  pipe,  having  the  required  taper,  and  UU' 

•  By  Bemouilli's  theorem,  p|  +  h^  B^itp|3  4.*^OOgle 
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Bishod  with  flangw,  hj  means  of  wUteli  the  aeotioiii  are  bolted  together  to  tatm 
the  two  triincetd  oodos  required. 

In  the  smeller  sijea,  the  shorter  cone  is  goDerallj  in  one  section  end  the 
longer  oone  in  two  or  more  sections. 

The  throat  section  is  generally  made  in  a  separate  piece,  and  is  either  made 
of  bronse  or  lined  with  that  metal. 

The  ends  of  the  Venturi  tube  are  furnished  with  either  bell,  spigot,  or  flanged 
ends,  according  to  the  character  of  the  pipe  in  which  the  tube  is  to  be  used. 

For  ntill  farfrer  atrenms,  such  as  those  in  masonry  conduits  or  riveted 
flumes,  the  Venturi  tube  may  be  made  of  wooden  staTes,  sheet  steel,  cement 
concrete,  brick  or  other  soitable  material,  metal  being  used  for  the  throat  piece 
and  where  required  bj  the  pressure. 

Tbe  tbroRt  pi«e«  is  surrounded  by  an  annular  chamber  called  the  press- 
nr«  cliiunb«r.  which  communicates  with  the  interiorof  the  throat  by  means 
of  several  holes  drilled  radially  through  the  walls  of  the  iHtter  at  equal  or 
nearly  equal  distances  around  the  circumference. 

A  similar  pressure  chamber  is  provided  at  the  larger  end  of  the  short  cone  for 
observing  the  pressure  in  the  normal  section  up-stream  from  the  throat;  and, 
if  it  is  desiml  toascertain  the  final  loss  of  head  due  to  the  passage  of  the  water 
through  the  Veuturi,  a  similar  chamber  must  be  provided  at  the  larger  end  of 
the  longer  or  down-stream  cone. 

In  d«sl|rB»tlii|r  tbe  sise  of  the  meter,  the  diameter  of  the  pipe  of  which 
It  forms  a  part  ia  oaed.  and  not  the  throat  diameter.  Thus,  a  meter  for  use  in  a 
6-inch  pipe  hi  called  a  Mneh  meter. 

Tlie  re|rlBt«r  gives  periodic  registrations,  usually  every  ten  minutes,  in 
which  the  head  H  -  h^ — A  j.  existing  at  the  Instant  of  registry,  is  recordeo  in 
terms  of  the  total  discfatarge  In  cubic  fbet  since  the  last  registry  and  as  an  In- 
ereaae  in  the  total  number  of  cubic  feet  registered.  In  other  words,  the  registry 
involves  the  assumption  that  the  average  velocity,  during  the  period  between  two 
rnriatrations,  is  equal  to  the  velocity  at  the  instant  of  the  following  registration. 

The  register  may  be  placed  at  a  obnsiderable  distance  (not  exceeding,  say,  600 
feet)  from  the  Venturi  tube.  It  must  be  placed  at  such  a  depth  below  the 
hydraulic  grade  line  that  the  preesures  existing  in  the  Venturi  tube  shall  at  ail 
times  be  transmitted  to  the  register. 

The  pipe  lines,  eonnectiitg  the  Venturi  with  the  register,  must  be  covered, and 
'  a  shelter  from  weather  and  frost  must  be  provided  for  the  register. 

The  aise  and  dost  of  the  register  are  independent  of  the  size  of  the  Ventnri. 

Beliavlor.  From  experimenU  by  Mr.  Her8chel,*tf  by  the  Bureau  of 
Water,  Philadelphia,f  and  by  otherB,t  It  appears  that  the  Venturi  meter  mav  ordi- 
narily be  depended  upon  to  give  results  within  3  per  cent,  of  the  true  discharge. 

With  a  48  inch  Venturi,  Mr.  Herschel  f  found  a  total  Iowa  of  head,  due  to 
the  passage  of  the  water  through  the  Venturi  tube,  of  about  10.6  per  cent,  of  the 


H  on  the  Venturi.    With  two  M  inch  Venturis,  Professors  Miirx,  Wing,  and 

HoekinsI  t  found  a  loss  of  14.9  per  cent.,  part  of  which,  no  doubt,  was  due  to 
the  presence  of  a  42  inch  gate  vajve  in  the  down-stream  cone.  This  last  result 
would  add  about  1.12  feet  to  the  head  required  in  pumping  20,000,000  galiona 
dail V  through  a  48  Inch  main  and  a  Venturi  having  a  throat  ratio  or  1:9. 

Tne  Venturi  meter  has  been  found  to  give  perfectly  satisfactory  results  in 
measuring  the  flow  of  brine  and  very  hot  water. 

Venturi  tubes  are  made  with  throat  ratios  ranging  f^om  1:4^  (or  2 : 9)  to 
1:16.  The  former  are  adapted  to  high,  and  the  latter  to  low  velocities;  for, 
where  the  velocity  in  the  pipe  is  low,  it  is  necessary  to  accelerate  it  greatly  in 
the  throat  in  order  to  obtain  sufficient  loss  of  pressure  to  secure  reliable  in- 
dications in  the  register.  These  cannot  be  obtained  where  the  throat  velocity 
is  leas  than  about  3  feet  per  second.  With  a  throat  ratio  of  1 :  16,  this  would 
give  a  pipe  velocity  of  f^  foot  per  second.  On  the  other  hand,  a  meter  with 
a  high  throat  ratio,  adapted  to  low  velocities,  would,with  high  velocities,  exceed 
the  upper  limit  of  the  register. 

Owing  to  its  unobstructed  cliannet,  free  from  moving  paris,  the  Venturi 
meter  is  far  less  liable  to  clcM^ging  than  the  forms  of  meter  in  conmion  use. 

The  prleeii  of  the  principal  sizes  of  the  Venturi  meter  are  as  follows:— on 
board  cars  at  Providence,  R.  1. 

6  Inch  1800.00  24  inch  $1,180.00  48  inch  S3.060.00 

12  inch   770.00  86  inch    1.680.00  60  inch    4,890  00 

These  prices  include  the  register,  which,  in  the  smaller  sizes,  constitutes  the 
principal  item  of  cost.    Discount,  1901, 10  per  cent 

«  Trans.  Am.  Soc.  Civil  Engra.,  Nov.,  1887,  Vol.  XVII.,  page  228. 

t  Journal  of  the  Franklin  Institute,  Feb.,  1899. 

f  Journal  New  England  Waterworks  Assn.,  Vol.  VIII.,  No.  1,  Sep.,  1898. 

ITrana.  Am.  Soc  Civil  Engra.,  Vol.  XL.,  Dec.,  1898,  pp.  471,  etc. 
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Art,  4  b.  The  Ferrta-Pitot  iii«t«r,  inventod  and  patented  br  Mr. 
Walter  Ferris,  of  Philadelphia,  iit  designed  to  measure  the  flow  of  liqulda  in 
pipes  running  full.  It  oonsisU  of  a  devioe  for  the  reeistration  of  the  results 
obuined  by  the  PI  tot  tube,  described  on  pages  661  and  508,  and  of  special  doTioes 
to  prevent  the  elogging  of  the  tubes  and  to  penult  their  examination  while 
in  use. 

In  Fig.  6  let  P  represent  the  level  at  which  the  water  stands  in  the  straight 
Pitot  tube, «.    Then  A  ==  Jrt^,  or  the  difference  in  level 
between  the  columns  in  the  two  tubes,  is  the  head 

^theoretioallj  »—  j  due  to  the  velocity  of  the  water 

in  the  pipe  as  it  impinges  against  the  open  up-stream 
end  of  the  bent  tube,  c.  For  a  given  velocity,  v,  this 
difference,  A,  is  consUnt,  and  Ls  independent  of  the 
pressure  represented  bv  P. 

The  Ferris  register,  like  that  of  the  Venturi  meter, 
records  the  velocity  (existing  ai  the  instant  of  r^^tra- 
tion)  in  terms  of  the  total  discharge  since  the  last  res;!*- 
tty  and  as  an  increase  in  the  total  number  of  cubic  feet 
regbtered.  The  registry  thus  involves  the  assumption 
that  the  average  velocity,  during  the  period  between 
registrations,  is  equal  to  the  velocity  at  the  end  of  that 
period.  In  the  (erris  meter  the  registration  is  made 
every  two  minutes.  ^m^t^tma^^a^ 

Evidently  the  Instrument  measures  the  velocity  at 
only  one  point  in  the  cross-section  of  the  pipe,  and  it  may  thus  be  osed  to  de- 
termine sucoesfively  the  velocities  at  any  number  of  such  points,  but  the  Te- 
locity at  such  a  point  may  or  may  not  be  equal  to  the  mean  veloeity  in  the  entire 
cross  section.  The  instrument  is  therefore  usually  calibrated  by  rsferenoe  to 
some  accepted  standard,  and  the  coefficient  or  coefficients  thus  obtained  are 
used  in  subsequent  observations. 

The  recording  mechanism  is  operated  by  a  small  hydranlio  motor,  driven  by 
means  of  the  flow  of  the  water  in  the  pipe  itself.  For  this  purpose  a  second 
pair  of  Pitot  tubes,  is  inserted  into  the  pipe ;  and  the  current,  fiowinff  tbrovgb 
these  tubes,  drives  the  motor  without  low  of  water,  the  water  used  for  power ' 
being  returned  to  the  pipe.  If  the  velocity  in  the  pipe  is  leJk  than  8  feet  per 
second  it  must  be  increased  by  means  of  a  **  reducer." 

Experiments  made  by  Mr.  Ferris  and  by  the  Bureau  of  Water,  Philadelphia, 
indicate  that  the  Ferris-Pitot  meter  will  ordinarily  register  within  8  per  cent 
of  the  true  discharge^ 

In  general,  the  sise  and  cost  of  the  registering  apparatos  are  independent  of 
the  sTse  of  the  pipe. 
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Art.  S.     IteflUrtuiee  of  evrre*  and  bends  In  water  pipes. 

Much  uncertainty  exists  respecting  these  matters.    IVeUbach'M 
formula,*  for  the  resistance  due  to  a  circular  curye.  Figs.  2  and  3,  is 


180      21?      [ 


0.131  +  1.847 


m 


whore 


A   .    V* 
180     21/ 

h  =  head  in  feet  required  to  oyercome  resistance  due  to  curre  or 

bend, 

C  =  experimental  coefflcient» 
A  =  angle  of  deflection,  in  degrees, 
p  =  mean  velocity  of  flow  In  pipe,  in  feet  per  second, 
i;r=  acceleration  of  gravity  =  32.2  ft  per  sec  per  sec, 
«»/2  g  =  head  theoretically  due  to  velocity  v, 
D  =  inside  diameter  of  pipe,  in  feet, 
r  =  inside  radius  of  pipe,  in  feet, 
B  =  radius  of  axis  of  curve,  in  feet 

Ifr-**R»    ai       a2       0.8       0.4       O.S       0.6       0.7       0.8        Ol»       1.0 
I C  « 0.181    0.138    0.156    0.206    0.294    0.440    0.661    a977     1.408    1.976 


( 


Fiff.  S. 


Fly.  8. 


Fig.  4. 

(See  next  page.) 


firom  12  to  80  ins  diameter,  in  Detroit:  Mich..t  the  iDyestigators  oonclade  that  a 
line  of  pipe  with  a  cunre  of  short  radius  R  (down  to  a  limit  of  R  =:  2^  D)  causes 
lt$9  resistance  than  does  a  line  of  equal  length  and  equal  total  angle  A,  with  a 
carve  of  longer  radius  B.    Their  results  were  approximately  as  follows,  where 
H  aa  resistance  due  to  a  section  of  80  diameters  In  length,  with  a  carve  of 

A  »  90O  at  mid-length, 
h  M  resistance  in  a  tangent  of  length  »  80  diameters. 
IfR-s-D-    1  2        2.5        8  4  5  10  15         20         25 

then  H -«- A  =  1.85     1.14     1.18      1.14      1.18     1.24      1.60      1.66      1.80      1.98 

They  foand  also  that  the  loflfl  of  Itead,  due  to  a  curve,  occurs  not  only 
In  tlie  enrwe  ItaeU;  but  that  head  oontinues  to  be  lost  in  the  following 
tangent,  for  some  distance  down  stream  from  the  curve. 

llbelr  experiments  led  to  the  inference  that  even  very  alltflit  defleetiona, 
A,  in  the  line,  canae  material  loaaea  of  bead,  and  that  care  in  securing 
a  straight  alignment  is  therefore  highly  adTisable.    For  bends,  see  next  page. 

•Der  Ingenienr,  pp.  444, 445.  .  ^  ^  r,    ».  « 

t  Paper  by  Gardner  S.  Williams,  Clarence  W.  Hubbell,  and  Qeorge  H.  FenkeU, 
CnosMtions.  American  Society  of  avil  Engineers, T^LJl^^^^ril,  1902. 
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For  abmpi  aiBvleSt  Fig.  4,  Weiabftch  gives :  Beriitenee,  In  f«et  of  hMd  « 


A-c|^  -  (0.M  •in«>^  A  +2.06  8ii,4>iA)|^ 


If  >^  A  -  IQO   20O   30O   40O   45°   60°   55° 
thenc   -0.03  0.14  a36   0.74   0.98   1.26   1.66 


60O       65©        TOO 
1.86      2.16      S.4S 


Fly.  4. 


In  addition  to  tbe  reslstanee  offered  to  flow,  ourres  and  bends  Id- 
Tolve  additional  labor  and  expeose  In  mannfkotiire  and  in  lajing;  and  ▼eriloai 
bends  and  curres  lead  to  tbe  formation  of  pockets  of  sediment  at  the  feet  <rf 
slopes,  and  of  air  cushions  at  their  summits. 


a  b 


Art.  6.  Although,  in  Fig.  6,  the  static  pressures  upon  the  equal  bases,  a  h 
and  of  V,oi  the  two  pipes  are  equal  (see  Hydrostatics,  Art.  1) :  jet,  in  order  to 
pump  water  through  either  pipe,  at  a  given  velocilj,  an  additional  force  is 
required,  iu  order  to  oTeroome  resistances  to  flow ;  and  these  resistances  and  the 
additional  force  required  in  order  tooveroome  them,  will  be  greater  in  the  longer 
than  iu  the  shorter  pipe. 
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Art.  7.  F1«w  tlivonck  oilfl««s.  Theoretioallf  the  Telocitf ,  v,  of  a 
(laid,  flowing  through  a  BoiaU  orifice  in  the  side  or  bottom  of  a  very  large  veeael, 
ia  equal  to  that  acquired  hj  a  body  falling  freely  in  vacuo  through  a  height 
equaUto  the  head,  h,  or  depth,  measured  Teriically  from  the  level  surface  of  the 
fluid  in  the  Teasel,  to  the  center  of  gravity  of  the  orifice;  or, 

#-  I/27X  -  i/MAh  -  8.03  j/A> 
and 

Tills  law  applies  eqnallj'  to  all  flnldfl.  Thns,  theoretically,  mer- 
cury, water,  air,  etc,  all  flow  with  equal  velocities  fh>m  a  given  orifice  under  a 
given  head. 

For  doTlatloiis  in  practice  from  this  theoretical  law,  see  Art  9,  etc 

Table  10. 
Teloelttca  tbeoretlcally  due  to  fflven  heads. 


Head 

Vel. 

Head 

Vol. 

Head 

Vel. 

Head  Vi*. 

Head!  Vel. 

Head 

Vel 

Head 

Vel. 

Feet. 

Ft  per 
■ee. 

Feet. 

Ft  per 

MC 

Feet. 

Ft  per 
«ee. 

F«u 

•K. 

.J 

Feet. 

Ftpe. 

Reo. 

Faeu 

Ptpef 

MO. 

.005 

.57 

.» 

4.89 

.77 

7.04 

1,54 

i.»t3 

7. 

21.1 

28 

42.5 

78 

69.9 

.010 

.80 

.90 

4.89 

.78 

7.00 

h&l 

9jm 

,3 

riA 

39 

43.2 

77 

70.4 

.015 

.98 

Jl 

4.47 

.79 

7.13 

1^ 

9.96 

.4 

JLB 

90 

43.9 

78 

70.9 

MO 

1.18 

.99 

4.54 

.80 

7.18 

l.» 

ID.O 

.fi 

K.l 

91 

44.7 

79 

71.3 

jm 

\.n 

.33 

4.81 

.81 

7.29 

IJfl 

19.1 

.* 

TJ.4 

32 

45.4 

80 

71.8 

.080 

1.99 

.84 

4.68 

.89 

7.96 

\M 

10.1 

8. 

Xf.T 

33 

46.1 

81 

72.2 

.OSa 

1.50 

.85 

4.75 

.83 

7.91 

1.03 

10.1 

.1 

■J.1.1> 

n 

48.7 

82 

72.6 

MO 

1.80 

M 

4.81 

.84 

7.96 

I. TO 

10.& 

A 

-tl-S 

JS 

47.4 

83 

73.1 

JM& 

1.70 

J7 

4.87 

.85 

7.40 

1.75 

lOft 

A 

-J1.5 

JI8 

48.1 

84 

73.6 

Ma 

1.79 

J8 

4.94 

.86 

7.44 

l.AQ 

10. fl 

.St 

•aA 

37 

48. 8 

85 

74.0 

.K& 

1.88 

.89 

5.01 

.87 

7.48 

1.«5 

la.u 

% 

UA  1 

38 

49.3 

88 

74.4 

1.97 

.40 

5.07 

.88 

7.63 

I.Bft 

11. 1 

.2 

-Ji.3 

m 

50.1 

87 

74.8 

.M5 

9.04 

.41 

5.14 

.80 

7.67 

\.n 

u.a 

'* 

UM 

40 

50.7 

88 

75.9 

.070 

9.19 

.42 

5.90 

.90 

7.61 

2. 

11,4 

,fi 

2ta 

41 

51.3 

89 

75.7 

.075 

9.90 

.43 

5.96 

.91 

7.65 

2.1 

IIT 

.H 

:ir.,j 

41 

52.U 

90 

76.1 

UNO 

9.27 

.44 

5.39 

M 

7.70 

2.1 

lE.B 

10. 

^'j.4 

13 

52.6 

91 

76.5 

.086 

9.S4 

.46 

538 

.93 

7.74 

2J 

H.U 

-J 

?fl.O 

U        53.2 

92 

78.9 

.090 

9.41 

.46 

6.44 

.94 

7.78 

2.4 

13.4 

11- 

IflO 

45 

53.8 

93 

77.4 

.085 

9.47 

.47 

550 

.95 

7.82 

2& 

1=X 

.& 

M.K 

48 

64.4 

94 

77.8 

.100 

9.54 

.48 

5.56 

.96 

7.86 

9.8 

ItM 

n. 

2t.*l 

47 

56.0 

95 

78.9 

.105 

9^ 

.40 

5.69 

.97 

7.90 

9,7 

l{t9 

ju 

M.4 

48 

53.6 

96 

78.6 

.110 

XM 

.50 

5.67 

M 

7.91 

9.B 

l«,4 

IX 

ah.» 

49 

56.2 

97 

79.0 

.115 

9.79 

.51 

5.7S 

.90 

7.98 

2.9 

13,T 

JS 

Kf5 

BO 

58.7 

98 

79.4 

.190 

9.78 

.59 

8.79 

I  Ft. 

8.08 

3. 

liJi 

u. 

sno 

^1 

67.8 

99 

79.8 

.l» 

9.84 

.58 

5.85 

1.02 

8.10 

8.1 

14,1 

.5  ' 

,n.5 

&2 

57.8 

100 

80.3 

an 

9.89 

.54 

5.90 

1.04 

8.18 

3.  J 

14.:( 

l,>. 

3!.l 

M 

68.4 

123 

88.7 

.us 

9.95 

.55 

5.95 

106 

8.28 

8.3 

14.S 

.3 

l!I.A 

S4 

59.0 

150 

96.3 

JM 

9.00 

.56 

6Ui0 

i.oe 

8.34 

3.4 

US 

in. 

\il 

55 

59.3 

175 

106 

.146 

9.05 

.87 

6.06 

I.IO 

8.41 

3.5 

IS. 

.u 

3t4 

M 

60.0 

200 

114 

.50 

9.U 

.58 

6.11 

1.19 

8.40 

3.K 

l&ll 

n. 

:^.i.t 

A7 

60.6 

225 

120 

J55 

9.16 

.59 

6.17 

1  14 

8.67 

i.T 

16.4 

.5 

!11,8 

U 

61.1 

250 

126 

.100 

S.91 

.80 

6.22 

1.16 

8.64 

a. A 

15*( 

\< 

mo 

&» 

61.6 

275 

133 

.106 

8.96 

.81 

6.» 

1.18 

8.79 

3.ft 

Ifi.fl 

.5 

3i5 

« 

62.1 

300     1S9 

,vm 

SJl 

.69 

6.82 

120 

8.79 

4. 

Jfl,<l 

\^. 

Xi.O 

81 

62.7 

850 

150 

.175 

SJ8 

.63 

6.37 

1.22 

8.87 

.» 

Ifti 

.5 

5::.. 4 

til 

63.2 

400 

160 

.180 

9.40 

.64 

6.42 

1.24 

8.94 

.4 

i«.a 

ao. 

:«..fl 

^ 

6S.7 

450 

170 

.1» 

9.45 

.85 

6.47 

1.96 

9.01 

.8 

iT;a 

.5 

HH-I 

fi4 

64.2 

500 

179 

.190 

8.50 

.66 

6.69 

1.98 

9.08 

M 

iT.n 

2L.. 

:<f,A 

AS 

84.7 

550 

188 

.195 

8.55 

.67 

6.67 

1.30 

9.15 

5. 

IT.B 

..1 

T.  :i 

98 

63.2 

600 

197 

.900 

9.50 

.08 

6.61 

1.S2 

9.91 

.T 

ih.a 

S-L 

:5T.8 

«7 

85.7 

700 

212 

.91 

9.68 

.69 

6.66 

1. 34 

9.29 

.4 

IULT 

.ft 

S-*,! 

08 

88.2 

800 

227 

.99 

9.76 

.70 

6.71 

1.36 

9.36 

.B 

111. 

B. 

31, a 

m 

68.7 

BOO 

241 

.99 

8J» 

.71 

6.76 

1.38 

9.43 

.8 

193 

^ 

:t*.9 

TO 

67.1 

1000 

264 

.94 

8.99 

.79 

6.81 

1.40 

9.49 

8. 

ItT 

HI* 

S!J,S 

ri 

67.6 

.95 

4.01 

.79 

6.86 

1.49 

9.57 

.9 

ao.n 

.5 

S3T 

72 

68.1 

.96 

^M 

.74 

6.91 

1.44 

9.88 

.4 

»0.3 

9& 

4#,t 

73 

68.5 

.97 

4.17 

.75 

6.96 

1.46 

9.70 

.fi 

ao.fl 

lit 

40J 

Ti 

68.0 

.» 

4.95 

.76 

6.90 

1.48 

9.n 

.8 

».B 

IT 

il,T 

75 

68.5 

Digitized  by  CiOOg  IC 


540 


BTDRAUUOB. 


Art  8.    Fl4^W*  Into  air,  tbiv  short  tubes,  FU.  6.  Length,  £.  » 
n'  <  or  n«,  of  tub«,  <  2.5  to  3  timea  its  ImM  traasvene dimeunon* d.    Head,  A, 
eoMtant  and  >  half  hight  of  tube. 
Let  V  »  mean  velocity  thru  tube; 
g  »  acceleration  of  gravity 

">  32.2  ft  per  flee  per  aec;  (\/2o  —  8) ; 


-  9.81  meters  per  sec  per  sec;  (\/2  0  -  4.43); 

e  bead,  n  «,  from  grav  center  of  tube  cross  section  to  water  surfaoe; 

«  length,  n'  i  orn  6,  of  tube; 

«  least  transverse  dimension  of  tube; 

—  tube  cross  section  area; 
•r  diachArgs  rate  thru  tube; 
»  an  azperimental  coefficient. 


.^^^Z\ 


^^ 


Fig.  e. 

Then,  If  the  flow  lllls  the  tube  ("full  flow"  or  "full  bore"),  we  have. 
V  —  c V2  0  h  ;         g  —  r  a  —  c  a\/2  g  k. 

Lid  <    1.6  =2.5  to  3     4  6        10      15      20        40  00       100 

e,  approx  -  0.61  ^     0.81     0.80    0.76     0.74  0.71  0.69    0.62       0.57    0.48 

If  the  oatflowliifr  streism  faila  to  flU  the  tnbe  croes  eee- 
tlon,  the  coeff,  c,  is  greatly  reduced.  This  may  be  obviated  by  temporarily 
closing  the  outlet  from  the  tube,  thus  backing  up  the  water  and  compelling  it 
to  fill  the  tube.  Then,  when  the  outlet  is  opened,  the  air  pressure,  on  the  outer 
end  of  the  outflowing  stream,  ma^  be  expected  to  keep  the  stream  in  contact 
with  the  inner  tube  surface.  The  sides  of  the  tube  should  be  free  from  greasiness. 

If  •  *t»  be  a  channel  croMi  section,  the  vel  and  disch  thru  the  short 
tube,  n'  i  orn  «,  are  not  afiiected  b^  the  flow  of  the  water  in  the  channel, 
«  m,  provided  the  head,  h  «»  n  s,  be  maintained  constant. 

The  flow  may  be  increased  nearly  to  the  theoretical  value 
(v  a  \/2  g  h,  or  c  -  1)  by  neatly  ronndln«  Ofl'the  ed|;pesof  the  entrance 
end  or  mouth  of  the  tube,  as  in  Fig.  7,  which  represents,  balf-siae,  one  with  which 
Weisbarh  obtained  e  «•  0.976  when  A  «»  10  ft,  and  e  «>  0.958  when  A  «  1  ft 
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As  mneh  la  .92  to  .M  may  be  obtained  by  wtdeirfng  the  openlos,  m  n,  toward  its  eater  month,  p  ■, 
rig.  8,  maklaa  (b«  diTergeDoe,  or  angle  a.  aboat  SP :  or  bj  widenlog  il  toward  lie  inner  mouth,  aa  U 
C  e,  rig  9;  but  Increailng  the  angle  of  diTcrgenoe,  at  h.  to  tron  11°  to  18°.    In  all  eaaes.  wc  ooneider 
"         ~   lag  whose  area  mast  be  moltlplied  by  the  vel  to  get  the  dUcharge. 

i«nte  miMle  with  Uirtre  pyramidal  wo«Mlen 

[oiig,  with  an  inner  mouth  of  3/2  X  2.4  ft,  and  a  diacharging  one 
ader  a  head  of  9H  feat,  the  dleotanrge  was  .98  of  the  theoratfcwl  one.  doe  to  the 


( 


the  eniall  end  aa  bef  ng  the  opening  whose  area  mast  be  maltlplfed  by  the  vel  to  get  the  dUcharge. 

Ib  Home  experlmi  "■        '"""  "  '"   " 

troiif(lui  9.6  ft  loii^. 
of  ^2  X  .44  ft;  aadaoder  a  head  of  9H  i 
■Baiter  end. 

Rkh  Si    With  an  adjutage  shaped  aa  in  Fig  10^  about  9  ins  long ;  diams,  m  n 

—  1  inch,  and  be"   1.8  ins,  VeDtnri  and   Eytelwein  obtaii^ed  a  discharge 

—  1.55  a  'y/2  g  k;  where  a  »  the  smaller  cross  section  area  at  m  n,  and  A  » 
^lifitance  from  g  to  free  water  surface. 


ae  -.miil::::; 


e  the  Tentnrl  Ifetar,  Art  4  a. 


FiflT.ia 


Art.  9.    On  tbe  dtseli  of  water  throarli  opeiiiaf(»  la  ihln 
vert  partlttaBs,  wl»la  plane  or  flat  races,  e  ^,  orn  n,  rig  11.*   If  the 

face  <  e.  or  n  n,  tnitead  of  being  plane,  and  rert.  ehoald  be  earred. 
or  Inelloing  in  dlff  direetlons  toward  tbe  oiwning.  then  the  dlaoh 
win  be  altered.  When  water  llowa  from  a  re«erroir.  Fig  11.  tbrongh 
a  vert  plane  plate  or  partition  »  n.  wbioh  is  not  thicker  iban  about 
the  least  transverse diineasloa  of  the  opening,  whether  ihaldlmenslon 
be  Its  breadth,  or  Its  height  o  o  ;i  or  when,  if  the  partition  e  e  Itself 
is  mnah  thicker,  we  give  the  opening  tbe  shape  shewn  st  b,  (whieh 
eridently  amonnts  to  the  same  thing.)  then  the  efflnent  stream  will 
not  pass  ont  with  *fuUJtow,  as  in  Fig  0,  bnt  will  assume  the  shape 
■hewn  In  Fig  11;  forming,  Jnst  onuide  of  the  opening,  what  is 
aalled  the  wmia  conlroeM,  or  eoniracted  vein.  In  order  that  this 
aontraotien  may  take  plaoe  to  its  fnllest  extent,  or  become  eoMjrfete, 
Uie  iBuer  sharp  edgee  of  the  opening  most  not  appreaeh  either  the 
■nrf  of  the  water,  or  the  bottom  or  sides  of  tbe  reservoir,  nearer 
FIff.  n.  ^■'B  *b»*t  1M  times  the  least  transverse  dimenMon  of  tbe  opening. 

**  The  eontraeted  vein  ooonrs  at  a  dlst  of  abont  half  the  smallest  di- 

mension of  the  orifice,  from  the  orifice  iUelf.  In  a  eircniar  orifleeb 
at  abont  half  the  dlan  diit;  and  erdinartly  Ita  area  is  abont  .82.  or  ncnrlr  %  that  of  the  nrifloe  ii«>d& 
At  this  poiat  the  aetnal  mean  vel  of  the  stream  is  very  nearly  (about  .97)' the  tbooretical  rcl  given  bj 
Table  18,  and  heaee  the  actual  cKsdke  are  bnt  .63,  or  nearly  H  of  the  theoretical  one*. 

Que  1.    To  And  the  aetnal  diseb  Into  air^  tbronfrb  either  a 
etrenlar  or  rectilinear^  openlngr  In  a  thin  vert  plane  partl- 

•  We  bellerB  that  theea  mles  for  thin  plate  are  also  sanMenrlr  Hopmxinate 
for  mosfc  pmetieal  pnrpoees.  If  the  epenlng  be  in  the  bottom  of  the  reservoir; 
or  In  an  tneliiud.  instead  of  a  vert  side. 

t  When  tbe  side  of  a  reservoir,  or  tbe  edge  of  a  plank,  Ac.  over  whieh  water 
flows,  has  no  creator  thiekoess  than  this,  the  water  is  said  to  flow  threngh, 

or  ever,  thin  plate,  or  thin  partition. 

}  Shonld  the  dlseh  take  plsoe  under  water,  as  in  Fig  72.  hoth  mvf-leveU  rs- 
mmtning  eenefant.  then  the  bead  to  be  awd  Is  the  verl  diflT  « e.  of  tbe  two 
levds.  After  making  the  ealoulatlon  with  this  bead,  we  should,  aeeording  to 
Weisbaeh.  dednet  the  i^  pnrt;  inasmnoh  as  he  states  that  the  disch  is  that 
naeh  less  when  under  water,  than  when  it  takes  plaoe  freely  into  the  air. 
Otherexperlmentem,  howevn-,  assert  that  it  la  precisely  the  same  in  both  eaaee. 

f  If  tbe  shape  of  the  opening  is  oval,  triangnlar,  nr  irregnlar,  the  head 
■net  be  measnred  vert  ftrom  its  ean  of  grav. 


llff.tt. 


642 


BTDBAULIC8. 


) 
) 


ilon,  when  the  contraction  Is  complete ;  and  wben  the  aorf^ 
level, «,  remainii  constantly  at  the  same  height;  water  boiMs 
supplied  to  the  reservoir  as  fast  as  it  rnns  out  at  the  open- 

Bulb  I  Wb«D  the  hnmd.  iu««tured  v*n  rnrnn  ih4'  i^Dter  (or  rather  from  lb«  eeo  of  grar)  e,  of  the 
opeuiug,  [<'  rbe  »iiff  Itivel  m  or  %htt  Tvifr%nU.  !»  iiaL  i'.i»  tb«ji  1  ft.  nor  more  than  10  ft ;  uid  when  U»t 
leut  traiMVrrM!'  tHiueuok^a  ot  tb«  o|ieiitt]ff  li  boi  Jmi  th«a  ui  inoh,  mult  the  theoretioal  TVlia  ft  per 
MO  due  Ed  O.e  besid.  (TAbl«  id,  )  bf  tb«  ooefficlmt  of  dUch  .63.    Th*  prod  will  be  the  afSMMl 

mean  T4  i  uT  ibt>  wa.%mr  (hrciu«ti'  fhv  ^i^ti^at.  Mult  tliU  rel  bj  the  mreaof  the  opeaiof  ia  aq  fi;  tkt 
prod  win  be  I  be  [li»«b,  Id  cub  ft  |»cr  »h,  ippnitlauurlf. 

Wheo  Lbe  lit-'itiil  U  et¥hC«r  tb«a  10  fit,  um  .i,  lii>U-»ii  of  .62. 

RuLB  X  t'lua  (lt(^  ai-i  n  mr  ib«  iie«<1  La  fi.  Muli  Uili  aq  rt  bj  5;  the  prod  vUl  be  the  Td  In  ft  pet 
■eo;  wfair^  tuuU  tiir  iiio  a.r«*  u  iwrarv  ro'r  ibf  elL»cit. 

Kx.  ^Vhut  1*111  b«  [br  dUcJ]  ilin?ujrh  uti  o}^>«uiUii  n:  complete  oontraetion,  whoae  dimensions  are* 
ina,  or  Jii  H  Ten  ;  luid  i  n  bor  ;  ilie  veri  bend  aU^vi  i  be  oen  of  grar  of  the  opening  being  oonatanily 
ereetT 

By  Bute  1.  The  tfacoretloal  vel  (Table  10,  )  oorreaponding  to  8  ft  bead.  Is  19.7  ft  per  see.  And 

19.7  X  .B'i  =  12.»4  ft,  the  reqd  vel.  Again,  the  area  of  the  opening  =  .5  X  4  =  9  sq  ft ;  and  13-214  X 
S  =  34.428  cub  n  per  sec ;  the  dimh. 

BtBuUi.  Tbesqrtof  8  =  L46:  and  9.46  X  5  =  12.95  ft  per  eee.  the  T«qdT«l;  and  19.95X9  = 
94.5  oub  ft  per  ee0|  the  dltuh.  ■ 

Both  rerj  approz  eren  If  the  oriOee  reaehea  to  the  anrthoe  of  the  laming  water. 

Rem.  1.    The  coef  .62  is  a  mean  of  resulu  of  many  old  experimenten 

In  1874  Oonl.  T.  O.  EIU>  of  MaHaobusetU  conducted  an  elaborate  series  (Trans  Am  See  0  K.  Feb 
1876)  on  a  large  scale,  the  general  resulu  of  wbioh,  within  lees  than  1  per  et,  are  glreo  In  the  follov 
tng  ubie.    See  also  Rem  S.    The  sharp  edged  oriOcea  were  In  Iron  plates  .95  to  .5  Inch  tbiok. 


Orllice. 

Head  above  Center. 

Coer. 

2ftsq. 

2.    to   S.5ft. 

.60  to  .61 

2  "  long,  1  ft  high 

1.8  to  ll.S  •• 

.60  to  .61 

9  "  long,  .5  high 

1.4  to  17.0" 

.61  to  .60 

9  "  dlam. 

1.8  U>   9.6" 

.50  to  .61 

_,  2«    Extreme  care  is  reqd  to  obtain  correct  results;  but  for  manj 

porpoees  of  the  engineer  an  error  of  5  to  10  per  et  Is  unimportant. 

U  will  rarelj  happen  that  greater  aoeuraey  ia  required  than  may  be  obtained  bj  the  foregolnf 
rules;  but  when  such  doee  occur,  aid  maj  be  derived  fh>m  the  followlog   table  dcdnccd 

from  the  experiments  of  I«esbros  and  Poncelet,  on  openings  s  ina 

wide,  of  diff  beighu,  and  with  diff  heads.  Use  tbst  coefT  in  tbe  table  which  applies  to  the  case,  in- 
stead of  tbe  .62  of  Rule  1.  In  some  of  tbe  oases  in  this  ubIe,  the  upper  edge  of  the  opening  ii 
nearer  the  surMevel  of  the  reeervolr  than  IH  limes  iu  least  transverse  dimension. 

TABliE  12.     Coefficients  for  rectanffnlar  openlnvs  in  thin 
vertical  partitions  in  fall  contraction.* 


Head 

Head 

The  breadth  In  an  tbe  openings  =  8  Inobee. 

aboTcoen. 
of  graT.  of 
opening 

above  cen. 
of  grav.  of 
opening 

HJ5IOHT  OP  OFSiairQ. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ina. 

irPeet. 

In  Inches. 

8 

6 

4 

8 

9 

* 

.4 

.088 

.4 

.8 

.70 

.0066 



.86 

.69 

.0838 

1 

.64 

J8 

.125 

IH 

.61 

.64 

.68 

1866 

2 

.60 
.61 

.62 
.62 

.64 
.64 

.68 

.2068 

.60 

.67 

.250 

8 

.60 

.61 

.62 

.64 

.67 

.2917 

SM 

.67 

.60 

.61 

.62 

.84 

.66 

.8838 

4 

.58 

.60 

.61 

.68 

.64 

.66 

.8750 

*H 

.66 

.59 

.60 

.61 

.68 

.64 

.66 

.4167 

b 

.57 

.60 

.61 

.62 

.68 

.64 

.66 

.6666 

8 

.59 

.60 

.61 

.62 

.68 

.64 

.65 

1 

12 

.60 

.60 

.61 

.62 

.68 

.68 

.64 

8 

86 

.60 

.60 

.61 

.62 

.62 

.63 

.68 

5 

60 

.60 

.60 

.61 

.61 

.62 

.62 

.69 

10 

120 

.60 

.60 

.60      1      M 

.60 

.61 

.61 

Rbm.  8.  Careful  experiments  on  openlngrs  4}4  ft  wide,  and  18 
igis  hiiph,  under  heads  of  from  6  to  15  ft,  gave  coeff  =■  0.62,  correct  within 
about  3  per  cent,  although  the  thickness  of  the  partition  raried,  on  its  diff  sides, 
from  12  to  20  ins. 

Rem.  4.  When  two  or  more  contiguous  openlign  discharge  at 
the  same  time  from  the  same  reservoir,  tbey  aupoar  to  dlsch  the  same  as,  or  a 
little  less  than,  m  single  orifice  of  their  combined  size. 
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Tbe  dlBcbarve  tbroDffb  (bin  vert  pArUtlona  In  com* 
n,  wben  tbe  «urra«e-level,  m,  Fla^  IS^Ueneeiids 


pleto  eontracUon, 

mm  tbe  water  flown  ont  Into  tbe  air.    lu  t^«  case,lf  the  raservoir  in 

prtamatie,  Uist  U.  If  iu  kor  seetloo*  are  ererjwbcre  equal ;  and  ir  no  waier  ia  flowiDg  inlo  Um  rea«r< 
voir,  to  aapply  the  plae.>  of  Uiat  vbleli  llowa  oui,  IheD.  to  ttud  iba  iiiue  reqtl  to  dlicb  ibe  r«aenroir. 
Rin.B.    iBasmiMlt  as  tbe  time  In  vhlob  luob  a  reaervolr  eutiralj-  ducbarfM  Itaeir.  U  twice  tbai  lo 


whMi  tlM  Mae  qoantity  would  How  out  under  a  ooaataut  bead,  as  iu  Caw  1,  . 

oulate  tbe  di««b  tn  cub  ft  per  mo  bj  Rule  1,  Art  V ;  div  tbe  number  or  oub  ft  ouo* 
Uined  in  tbe  rcMrvoIr,  above  the  level  g  of  the  botiout  of  tbe  ofwulug.  Ftf  13.  by 
tbia  dlMb ;  tbe  quot  will  be  tbe  nnmber  of  aec  iu  wbieb  a  volume  equal  to  ibat  in 
tbe  raaorvoir,  to  tbe  deptb  g,  would  run  out  iu  Caae  1,  of  a  eoiutant  bead.  Aud 
(wjce  ihU  number  will  be  tbe  ecoonds  reqd  to  eupijr  tbe  raaervoir  iu  Caae  2,  of  ■ 
verging  head. 

Rhn.  ir  l(  abMld  be  raqd  to  ftnd  iho  tloM  la  wbteh  eoeh  a  priematta  naenrolr 
would  pmrOg  empty  itaelf.  aa.  for  inaiaooe.  fron  m  to  n.  KI(  13.  tint  oalouiate.  by 
tbe  above  rule,  the  Moa  neoeaaary  to  empty  it  if  it  bad  only  beeu  filled  to  « :  and 
afterward  qalculata  aa  if  it  had  been  filled  to  m.  Tbe  diff  betweeu  ibc  two  tlnic« 
will  evidently  be  the  iline  reqd  to  empty  It  from  m  to  m.  If  tbe  openiug  ia  not  iu 
complete  eon  traction,  eee  Arts  11,  fte. 

If  tbedlseb  Is  Into  a  lower  reservoir,  wbose 
_,     _.        snrf-ievel  remains  constant,  proceed  ia  the  Miue  muuuer, 

riff*  Jo*         only  uae  tbe  diff  ef  level  of  the  two  anrfa  aa  (he  head,  and  afterwani  (noooniiug 
to  Welsbaoh)  Inoraaee  the  tIflM  iK  pvt. 

Art.  10.    Discb  from  a  reserirolr  R,  Fly  14,  tbe  snrf-level,  «, 


of  wblcb  remains  constantly  at  tbe  i 


Die  belirh^;  tbronirii 


1 0|»enlnfr« o.  In  tbin  vert  partition;  and  In  complete  con- 
traction; but  entirely  nniler  water;  and  Into  a  prismatic 


reservoir,  m. 


Seconds  reqnired 

to  dtaeharga    a   quantity  = 
eda,  tM€  UmI  e  rtmaining  : 


^/ height  a e  V  bor  area  of 
^        In  ft       ^  m  In  aq  ft 


"nta5h*"'X.«X8.08 


reonlred_ 

10  mlae  level  teM  nemeto*  ^ 


^  m  in  aq  ft 


Fiff.14. 


to  rmlm  level  la  m  fran  0  ia  s  ^—         ■!••*/ 


Area  of  opening  x  .«J  X  841 
•  in  aq  ft        ^  ••»  ^  »*• 

Bbm  .  1.  If  It  sboald  be  reqd  to  And  tbe  time  of  flllln«  m,  flrom 
Its  bottom  e,  np  to  «!•  we  may  do  so  rery  approximately  by  caTculatiDg  by 
the  Brat  mto  in  Art  9.  the  time  ivqd  Arom  «  to  the  eenter  of  the  opening  e.  aa  If  all  that  portion  of 
the  diach  took  plaoe  into  air;  and  afterward,  frooa  the  eenter  of  the  opealog  lo  «t.  by  the  rule  Joal 
given.  Tbia  caae  !■  airallar  lo  that  of  fllUng  a  look  from  the  oaoal  reach  above,  in  whieh  the  eurf. 
wrel  may  be  eon<iderod  eonatant. 

Rm .  2.  ir  tbe  bottom  of  tbe  openlnir  *>*  nbonld  coincide  witb 
tbe  bottom  of  tbe  reservoir,  then  the  ooeff  will  become  greater  than  .02. 
See  Art  11,  for  obtaining  eoeffa  for  Impertieet  eontraetioa. 

Rbm.  3.  If  tbe  openlnir*  Instead  of  belnsr  In  complete  con- 
traction, is  of  any  of  the  shapes  figa  0  to  9,  then  a  reference  to  Art  8  will  show 
what  eoeOr  man  be  •abatltaied  for  .82. 

~       "    "  » FliT  IS,  W,  Into 

'« tbroufrb  an 

vivvaaaaaK  v,  aaa  n  (vaiftiiv  I)BBBBB    wra   ptarbabawaa,  aaaBva   In  Complete 

contraction;  wben  tbe  water  rises  In  X,  wblle  It  fblls  In  W. 

2b  Ititi  M«  Mme  in  which  (*«  wattt,  Jtowtng  from  WintoX,  through 
o.  wtUfall  thrcmgh  th0  dUt  aa,  ee  m  (e  Mtamd  at  Me  aaaM  level  a  e,  <» 

In  this  eaae.tbe  water  read  to  flit  X  fttim  •  to  d.  (d  being  tbe  bottom 
of  the  opening  o.)  flewa  out  into  the  air:  and  tbe  time  oeoessary  for  It 
to  do  to.  mnat  be  ealoolated  Mporately  fk«m  that  reqd  above  d,  whieh 
flowe  Into  water. 

RiTLO.  Flnt  f^m  e  to  d.  Find  tbe  bor  area  of  eaoh  reaerrolr.  lo 
aq  ft.  Malt  tbe  bor  area  of  Z.  by  tbe  vert  depth  d  •  in  ft,  for  the  onh 
ft  eonulned  in  that  portion.  Div  iheae  oab  ft  bv  tbe  bor  area  of  W. 
The  quot  wltl  be  the  diet  a  m,  in  feet,  through  whieh  the  water  In  W 
mnat  deeeend,  in  order  to  fill  X  lo  d. 


what  eoeir  man  be  BQiMtitaied  for  .62. 

Gun  3.  Discb  front  one  prismatic  reservoir,  FIc 
anotber,  X,  of  any  comparative  sises  wbatever,  1 
opening  o.  In  a  plane  tnin  vert  partition,  and  I 


B     m 

i  w 

X 

1              B 

1  »-o  , 

1   rt 

Vit.W. 
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to  lower  from  m  to«,  Bud  ralM 
tttrndtoe,    (Ycry  approx) 


Bor  arom  of  ^  twice  tbe  hor  ere*  ^  ^/haad  m  « 
Xiniqft   ^      ofWlnaqft      ^^       toft 
Area  of         /bor  area       bor  area\ 

oMDiDx  X  (  ofw    +    ofx   )x.ctxa.oi 

•fDoqft       Via  aq  ft      ia  m)  ft/ 


iofX^eOwift.    Let  a  ft  be  10  ft;  and  «•«  16  ft} 
me  will  the  water  deeoeafl  ftrvm  •  to  e,  and  riae 


Bx.    Let  the  hor  area  of  W  be  100  iq  ft: 
•ad  the  area  of  the  opening  o,  S  sq  ft.    1b  what  tloM  « 
firom  0  to  c  7 

Inaamnoh  as  tbe  method  of  flndinc  the  time  for  flUing  from  e  to  d.  bj  the  water  falUag  from  •  to 
m.  require*  no  further  exemplifloation,  we  will  oooHne  ooreelree  to  tbe  additional  time  neoeenarr  for 
ailing  from  d  to  e,  bj  the  water  falling  ftem  m  to  •.    To  find  thle,  we  hare,  the  eq  rt  of  the  head 

Mit=:4ft;  and  the  auB  of  the  S  areas = 100 +«  =  ltt. 

90.1  eeo;  the  additional  time  reqd,  vary  approximately. 

Nou  1.  I  r  the  openinaTi  as  d^  Fiir  1<^»  reacliei 
to  tbe  very  bottom  ortbe  reservoirs,  we  nuty 

coneider  all  the  water  flowing  firom  B  into  T,  as  flowing  Into  water. 
Therefore,  using  the  head  am,  we  at  oooe  ealenlate  the  time  neoeesary 
for  the  water  In  tlie  two  reeerroim  to  arrire  at  the  same  level  «  e,  by 
the  lait  prooess  of  the  preoediag  rale;  or.  In  other  words,  bj  the  pr»< 
■  glTcn  in  the  preoediog  exi  ~     '      ■■  *  "    " 


4X100X00X8       ^ 

"^lOOX&OlXSXA  SM.7t~ 


mple.    But  In  thU  oaee  it  must  be  home 
0  longer  In  complete  eon  traction,  inaa* 


In  mind  that  the  opening  o  ia  no  1     _ 

BOOh  as  the  contraetiou  along  lie  lower  edge  U  mppreeeed. 

The  dlioh  will  oonaequentlj  be  somewhat  iaoreased;  and  a  ooeff 
greater  than  .62  beoomes  neoessary.    The  method  of  fladiag  this.  Is  n^.  fm 

Elven  in  the  following  Case  4.    A  referenoe  to  Art  8  will  give  tbe  ooeff  "  'b'  ^^ 

1  case  the  opening  is  shaped  as  Figs  0  to  9. 

Art.  11.  Case  4.  Tbe  discbMrire  throiifrb  openinn  in  plane 
tbin  vert  partitions;  but  in  incomplete  eontraetion. 

The  opening  maj  be  snob  that  oontrsctlon  will  take  plaoe 
along  one  porUon  of  its  perimeter,  or  at  tbe  top  of  the  open- 
ing a.  Fig  17  ;  while  it  is  suppressed  on  another  portion ;  as 
at  the  bottom  and  two  ends  of  tbe  opening  a;  where  suppres- 
sion Is  caused  bj  the  addition  of  sAorf  side  and  bottom  pieees 
e,  0, 0.  Or  it  maj  be  caused  by  the  bottom,  or  ends,  or  both, 
ooineiding  with  the  bottom  and  sides  of  tbe  reaerroir.  In 
such  oases  the  disch  will  be  greater  tban  in  those  of  complete 
oontraotion ;  but  less  than  In  those  of  full  flow  ;  inasmuch  as 
the  opening  now  partakes  somewhat  of  tbe  obaracter  of  the 
sAorC  tubes  of  Art  8;  and  the  ooeff  will  rise  fh>ni  .62.  or  that 
whioh  wsiMrfly  pertains  to  openings  in  fail  eoatraetion  ;  and 
will  approaoh  .8,  or  that  of  full  flow.  In  prenortion  to  the  ex« 
tent  of  perimeter  along  which  contmetion  Is  suppressed ;  or 

even  to  .9  or  .96  by  the  use  of  sneh  openings  as  are  shown  by  ■»!«  If 

Figs  7,  8,  9.  X-lff.  II. 

To  0nd  approximately  a  new  eoeflT  of  dis€sh|  and  tbe  disch 
itself;  in  eases  of  ineomplete  eontraetion. 

RuLs.  First  find  by  the  fbregolng  rules,  what  would  be  the  disch  in  the  parthmlar  ease  that  may 
be  under  oonsideration,  supposing  the  contraction  to  be  oomplete.  Then  dir  that  portion  of  the 
perimeter  of  the  opening  on  which  oontraetion  Is  suppressed,  by  tbe  entire  perimeter.  Mult  the  qnot 
by  the  dee  .I&2  if  tbe  epenlnc  Is  reetaogular,  or  by  .138  if  eironlar.  To  tbe  prod  add  anltr.  or  1.  Call 
tbe  sum,  o.  Then  say.  as  oniiy .  or  1 .  Is  to  9,  so  is  the  ooeff  for  oomplete  ooatraotioB  in  erdtnary  eases 
(osnally  .69)  to  the  reqd  new  ooeff.  Finally,  repeat  the  original  oaloolatfoo,  only  subsdiutlng  this  new 
eoeff  in  tbe  plaee  of  .63. 

Aooordlng  to  this  rule,  we  have  the  following  ooeff  of  dtsoharge  for  reotangularopenlap  within  nro- 
bably  8  or  4  per  oent.  when  oontraotion  is  not  suppressed  on  more  than  J4  of  the  pnimeter.  The  theo- 
retieal  dlicharge  multiplied  by  the  corresponding  ceeff  will  give  the  actual  disehana.  When  tbe  oon- 
traotion Is  carried  farther,  tbe  ooeff  becomes  extrensely  Insular,  and  Is  probably  tedetsmli  ' 

/V>r  comp(s(s  eoNfraeCton  (ordinarllf'i 89 

Wkon  eontraotion  ie  evppreued  on  H  f  As  psHkasCsr JH 

H"  "       67 

"«"  "        M 

"  "  *'  stUirsly  oroMfidl  As  or<^ 80 

IntarmedJate  ones  oan  be  estimated  nearly  enough,  mentally. 
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12.  Fig.  18.  Contnctlon  rapi»ietMd  at  the  bottom  and  at 
botb  Tert  sides  of  tlie  opeoiiig  o,  in  co«- 
sequence  of  tbelr  coinciding  with  the 
bottom  and  aides  of  the  reservoir.  fVoat 
of  reserroir  sloped,  as  at  ^  Use  Rule  1« 
Case  1,  Art.  0 ;  but,  according  to  Ponoe- 
let,  the  coefficient,  instead  of  0.62,  as  ia 

T3,,     .«       — '  ■!■»       Rule  1,  should  be  0.80  if  f  slopes  45*. 

XXg  18  3  or  1    :  1 ;  and  coeff  =  0.74  If  f  slopes 

^  63*  SO*,  or  1  hor  :  2  vert. 

Art.  IS.  To  ancU  JipyroxInBaaely*  tbe  tinse  jreqd  Iter  Mie  emp* 
ijrliiff  of  «  ponrd,  or  any  other  reservoir,  as  Fl|r  10»  wJildb  la 
not  of  a  prianiatie  shape  i  throDfrl*  AQ  opeiilii|r«  n,  near  the 
bottom. 


{ 


Tftn   19  ^*""'**^    «•»•  thinoar  tbar  ar«,  (ba  more  eorrMi  will  the  reeolt  li 

"^"j  TiM  depth  of  the  l«wv  one,  D,  will  rary  to  eome  czttDt 

with  tbe  h«ight  of  the  opeoiag :  tboae  next  Above  It  ihoaM 
BOl  exoeed  abovt  •  foot  la  thIolniMs,  util  *  depth  of  6  or  8  feet  lo  rcMhed ;  thea  thoy  au^  ooBv»i 
■leatly,  aad  irith  aaODleDt  aoeun^>  he  InoreMed  «•  about  S  A,  fer  6  or  8  ft  more ;  and  eo  oa ;  b»> 
aeming  thiefeer  aa  thoy  approach  the  «urf.  Bt  aid  of  the  drawlage,  ealealata  the  eoataat  of  eaoh 
•Cncam  ia  eab  ft.  Kow,  aiaoe  the  etrata  are  thin,  we  may,  withoni  aerlooe  error,  aiwaoie  eaoh  of 
ataen  ta  be  prtsaMtte,  as  ahowm  br  the  dotted  liaea ;  aad  may  aaeame  that  tbe  head  nadcr  whloh  caeh 
■ttsoni  (aataapcthe  loweet)  emptlee  lt«air  throogh  it.  U  iqaal  to  the  vert  height  from  the  eeater  of 
tha  opealog  to  the  eonier  af  tha  etraiaa.  Thoa.  m  it  win  be  the  head  of  A ;  w  ».  the  head  of  B : «», 
the  head  ofC.  Thea.for  the  ■k«tom  A, hf  Bale  I.  Art 9,  (only  aalaa  akn  as  the  head  laetead  of  om.) 
■ad  Jailead  of  the  ooeff  .82  ef  that  rale  (whloh  ean  oaly  be  oaed  if  n  u  la  complete  contraetion)  aelng 
.84,  ar  vhaiaver  ether  ooelT  near  the  ead  of  Art  II  appliea  to  the  «aM,  eatoaiata  the  diaeh  in  oab  n 
per  MO.  Dir  the  oeaient  et  the  Mratum  A  by  thla  dteeh,  and  the  qaot  will  be  the  anmber  of  mo  reqd 
Ibr  diaohargliig  K.  ITriag  tbe  head  wa,  proceed  In  preofeelf  the  aame  waf  with  tha  eiratam  B ;  and 
aelV  «tw  head  «•,  do  the  lame  with  C.  Finally,  ft>r  tbe  lower  itratom  D,  find  by  Bole  U  Art  9.  (with 
the  MOMeaallen  as  beftire  reepedrtag  the  proper  ODetT.)  la  what  dme  It  woirid  catpty  iteelf  under  a 
ee— taw*  hand  equal  loir  n,  amaanred  from  Itt  cur/te  the  aeator  of  Om  opening.  Devil*  thli  time  will 
be  that  reqd  to  empty  itaelf  lo  tbe  cane  heTort  na.  nader  lu  earyia^  head.  FlnallT,  add  tafcthcr  aJl 
iSaae  aaparalB  tlmea ;  and  their  anm  will  baihe  eatlre  time  Mqd  to  empty  Che  paai,  or  i 
preTlmataly  aaengh  for  yraaClaal  porpeaaa. 
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The  Mlner*s  Ineb. 

The  miner's  inch  is  a  unit  of  rate  of  discharge  of  water,  largelf  used  in  tii« 
far  western  mining  States.  It  is  expressed  in  terms  of  a  standard  orifice^  usuallf 
1  inch  square  and  vertical,  and  a  standard  head.  The  head  varies  from  about  3 
to  9  ins,  but  6  ins  Is  a  common! v  accepted  standard.  Under  tbat  bead,  with 
coefficient  =  0.62,  the  discharge,  through  an  orifice  1  inch  square,  would  be:  per 
sec,  0.0244  cu  ft  =  0.183  U.  S.  gals  (of  231  cu  ios) ;  per  min,  1.466  cu  ft  »  10lS6 
gals;  per  day,  2,111  cu  ft  b  15,790  gals.  Usuallv  the  orifice  is  of  fixed  depth 
and  acyustable  length  (see  Fig.),  and  the  stjtiidard  bead  is  obtained  and  main- 
taiaed  by  such  adjustment.  The  relation  between  area  and  shape  of  orifice  and 
the  discharge  per  sq  in  of  area  is  indicated  bv  the  following  table:* 

Discharge^  in  en  h  per  miu,  per  square  inoii  of  opening,  under  6  ins  bead, 
length  of  opening,  ins.  4  6  8  12  '         24  100 

1.473        1.480       1.484         1.487       1.490  1.494 

1.430         1.470        1.481  1.491        1.501  1.609 


Opening  2  ins  high,  . 


OILft. 

[per  MO. 

feu.  ft 
UMrain. 


8  4  ft  «  T  9  « 

HeM.liilacliM 

Dlagrram  of  disdiaifre  Uirouirb  sn  orlflce  1  ineb  aqaare. 

The  thickness  of  plank,  in  which  the  orifice  is  cut,  varies  from  1  to  8  Ins,  and 
the  lower  edge  of  the  orifice  is  often  chamfered,  flaring  outwardlv.  The  bottom 
of  the  orifice  is  sometimes  flush  with  the  bottom  of  the  box,  but  u  usually  raised 
2  or  3  ins  above  it,  as  in  our  Fig. 


*  Condensed  from  circuhir  of  Pelton  Water  Wheel  Cosia 
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Art.  14  (a).  On  the  dlscli»rc«  of  water  over  wetra  or  ever- 
WmMMm*  The  weir  afforcU  a  very  ooovenient  means  for  gauging  the  flow  of  small 
streams,  for  measuring  the  quantity  of  water  sui>plied  to  water- wheels,  etc. 

(6)  A  measuring  weir  is  always  arranged  with  its  back,  or  up-stream  side,  a  6, 
Fig.  20,  vertical,  aud  as  nearly  as  may  be  at  right  angles  to  the  direction  of  flow 
of  the  stream.  The  ends,  a  A^  a/i^  Figs.  21  and  22,  are  vertical,  and  the  cresi  a  a 
is  horizontaL 

(e)  End  eontraetten*.  When  the  weir  a  a  extends  entirely  across  tlio 
channel  of  approach,  as  in  Fig.  21,  so  that  its  ends  a  A,  a  A  ooincidie  with,  or  form 
portions  of,  the  sides  ss  ot  the  channel,  contraction  (Art.  u,  p.  641)  takes  place 
only  on  the  top  and  bottom  of  the  bheet  of  wnter  passing  over  the  weir,  as  at 
m  c  and  at  a.  Fig.  2U,  and  is  entirely  "  suppressed  "  at  the  endx,  so  that  the  water 
flows  out  as  shown  in  Fig.  21  a.  Such  a  weir  is  called  a  mippressed  weir, 
or  a  weir  witbont  end  contraetlou.    But  when,  as  in  Figs.  22  and  22  a. 


i 

{ 


lF'ig.20 


'Vi&dla 


£ig.22a 


the  ends  a  ^  a  A  are  at  a  dlstanee  trmn  the  sides  utot  the  channel  or  reservoir, 
contraction  takes  place  at  the  eruU  of  the  weir,  as  shown  at  a  and  a,  as  well  a? 
over  the  cresL  Such  contraction  diminishes  the  discharge.  A  weir  of  this  kind 
is  called  a  weir  witb  end  eontracilonN. 

Other  things  being  equal,  the  extent  of  the  contraction,  and  its  effect  upon  the 
discharge,  increase  with  the  head  H.  When  the  length  a  a  or  I^  of  the  weir  ex- 
ceeds about  10  times  the  head  H.  the  effect  of  the  end  contractions  upon  the  dis- 
charge is  nearly  imperceptible ;  but  as  the  length  diminishes  in  proportion  to 
the  head,  the  eoeet  of  the  contraction  increases  rapidly.  Mr.  Francis  (Art.  14  m) 
found  that  when  L  =>  only  4  X  U,  the  discharge  was  reduced  6  per  cent,  by  com- 
plete end  contractions.  In  view  of  the  uncertainty  as  to  the  effect  of  end  eon- 
tr4Ctions^  it  is  better  to  avoid  them  and  to  use  weirs,  like  Fig.  21,  where  the  con- 
traction is  suppressed ;  but  if  end  contraction  is  permitted  at  all,  it  must  be  made 
eompUU;*  for  the  coefficients  given  do  not  apply  to  cases  of  ineomplete 
eontraetlou,  {.«.,  with  contraction  only /xtr^y  suppressed. 

{d\  In  a  weir  wifliont  end  eentraetlon,  care  must  betaken  tbatth* 
air  has  free  aeees*  to  the  space  (w.  Fig.  20,  or  22  6)  behind  the 
fiUllng  sheet  of  water.  Otherwise  a  partial  vacuum  forms  there, 
the  sheet  is  drawn  inward  toward  the  weir,  and  the  discharge 
is  greatly  modified.    At  the  same  time,  the  sheet  should  be  pre- 
vented from  erpnnding  lateraUy  as  it  leaves  the  crest    Both  of 
these  obiects  may  be  attained  by  prolonging  the  upper  portion 
OHljf  of  iMth  sides  of  the  channel  a  little  war  down-stream 
beyond  the  crest  and  the  upper  part  of  the  foiling  sheet,  as  In    „,     ^^^ 
Fig.  22  b.    Mr.  Francis  found  that  such  projections,  by  confi  n ing    Fi£:.22l> 
the  sheet  laterally,  diminished  the  discharge  about  0.4  per  cent. 

(«)  Ordinarily  tbe  erewt  is  "  in  thin  plate "  or  "in  thin  partition  "  (see  foot- 
note t,  p.  041),  so  that  the  sheet  passing  over  the  weir  touches  it  only  at  the  very 
corner,  a,  Fig.  20.  A  roundtd  corner  increases  the  discharge,  as  does  the  round- 
ing of  the  edges  of  an  orifice  (Art.  8,  p.  641),  and  a  crest  sutfieiently  wide  to  de- 
flect the  falling  sheet  diminishes  the  discharge  (see  ooefliclents  for  thte  case  in 
Table  16^  p.  664),  but  both  forma  introduce  much  uncertainty,  and  should  there- 
fore be  avoided. 

*The  contraction  is  said  to  be  "complete"  when  it  is  pnictioally  as  great  m  It 
ooald  be  made  by  any  farther  increase  of  the  distance  a  a.  Figs.  8^  mj^^S^  ;  and  thie 
Is  believed  to  be  attained  whan  a  t  is  made  equal  to  the  head  H.  ^^^ 
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(f)  Tke  Wsnmth  Is  ef  the  eremt,  FlgB.  21  to  22«^  sfaMid  be  at 
least  three  times  the  bead  H,  in  order  to  reduce  the  effeet  of  friction 
of  the  sides  8  s  and  that  of  end  contractlomi  where  such  exist.  The 
helfirht  p.  Pig.  20,  of  the  vertical  back  a  ft  in  contact  with  the 
water  fthould  be  not  less  than  twice  the  head  H;  for,  in  order  to 
reduce  the  velocity  of  approach  (see  Art  14  »),  the  cross-aectlon.  oC 
the  channel  leading  to  the  weir  should  be  large  in  proportion  to 
that  of  the.  stream  a  c.  The  cross-section  of  the  channel  of  ap- 
proach should  be  as  regular  as  possible. 

(fir)  The  weir  shoald  be  stoutlf  buHt,  as  ▼tbratlons  of  the  straeture  maf 
seriously  modifj  the  discharge. 

(/<)  TheoreUcaUy,  the  heaa  is  the  vertical  distaooe  H',  Fig.  24,  tnm  the 

•crest  a  to  a  point  &  where  the  water  is  pfrfecUy  sliJl^  and  the  surfiaoe  therefore 
horigontal.  Bat  In  fact  the  head  is  nsaally  measured  from  the  erest  a  to  a  point  o 
a  few  feet  back  from  the  weir,  where  the  water  is  ouly  ornnjtarativdy  still,  the 
velocity  of  approach  being  perceptible.  (See  Art.  14, «.)  Thedifl^renee  between 
the  head  U  actually  measured  and  the  head  U.'  to  stiU  water  is  usually  very 
■sliKht.    It  is  greatly  exaggerated  in  the  ilgure. 

The  correct  ineasnreiBent  ef  the  head  is  a  delicate  matter,  the  dis- 
charge being  increased  or  diminished  about  \)4  per  cent,  by  1  per  cent,  of  in. 
crease  or  diminution  of  the  head.  Waves  or  ripples  and  other  disturbances  of 
the  surface,  and  capillary  attraction,  are  the  chief  sources  of  error. 

(<)  To  avoid  the  latter  difficulty,  the  hook-|p»ajre    is  used  for  nteasuring 


the  height  of  the  water  surface  in  important  cases.  This  consists  of  a  long  grad- 
'Uated  rod,  provided  at  its  foot  with  an  upturned  hook  or  point,  and  slidine 
vertically  (by  means  of  a  screw  motion)  in  a  fixed  support,  to  which  is  attached 
a  vernier  Indicating  on  the  scale  the  heishtof  the  point.-  The  slidiog  rod  is 
first  run  down  until  the  point  is  well  below  the  surface,  and  then  gradually 
raised  by  means  of  the  screw  until  the  point  Just  reaches  the  surface,  which  is 
indicated  by  the  first  appearance  of  a  "  i>imple "  in  the  water  surface  imme- 
diately over  the  hook.  Under  Cavorable  cixoumstanocs  a  good  hook-gauge  may 
be  read  within  from  .0002  to  .0005  foot. 

ij)  To  avoid  Inaocuracies  due  to  the  dletnrhanee  of  the  atirfhee  by 

the  current,  by  wind,  etc,  the  level  is  sometimes  taken  (with  the  hook-gauge  or 
ciherwise)  in  a  side  chamber  which  communicates  with  the  main  channel  of 
approach.  The  surface  in  the  chamber  maintains  the  same  level  as  that  in  the 
channel  itself,  but  is  comparatively  free  from  disturbance.  Or  a  bucket  eom- 
municariag  with  the  channel  by  means  of  a  pipe,  can  be  made  to  serve  in  the 
name  way.  Either  may  of  course  be  sheltered  from  the  wind.  Cantion. 
Messrs.  Fteley  and  Stearns  fonnd  that  when  the  bucket  or  chamber  oommantcated 
with  the  water  nmr  the  bottom  «md<!Uue  behind  the  teeir^  the  head  thus  obtained  was 
generally  somewhat  greater  than  that  found  by  measurement  near  the  surface 
aad  6  feet  back  from  the  weir.  But  Mr.  Francis  found  the  difl^rence  scarcely 
penoeptibie. 

(k)  Great  care  is  necessary  in  adjciatlnar  <^^  h<»olc-8raiiire  for  the 
4keif(ht  ef  the  erest;  for  any  error  in  this  affects  sll  the  subsequent  experi- 
ments. The  hook  Is  usually  adjusted  to  the  helghtof  the  siirftiee  when  the  latter 
Just  reaches  the  level  of  the  crest;  bvt  this  method  is  rendered  inaccurate  t^ 
capillary  attraction  at  the  crest.  A  more  accurate  method  is  to  have,  in  addition 
to  the  book-gauge,  a  stout >lxn4  hook,  pointing  upwHrd,  the  level  of  which,  rela- 
tivelv  to  that  of  the  crest,  may  be  aaoeruined  by  means  of  an  engineer's  level, 
holding  the  rod  on  the  crest  and  also  on  the  point  of  the  fl  xed  hook.  The  water 
•surQice  is  then  allowed  to  Ml  slowly  until  a  *^pimple  "  Just  appears  over  the  fixed 
hook.  It  is  then  kept  at  that  level  and  the  hooicH^age  adjusted  acoordi«|^y. 
Or  if  the  gauge-hook  is  a  stout  one,  the  levelling  rod  may  be  set  at  once  upon  its 
point  without  having  recourse  to  a  fixed  hook.  It  is  better  to  odtost  the  hook- 
■augo  so  as  to  read  sero  for  the  crest  level,  which  is  thus  node  tne  datum  :ibr 
the  reading  q€  the  book-gauge  for  the  water  surfisce  then  gives  the  head  H  ak 
,  and  without  subtracting  the  height  of  the  erest* 
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(I)  Wwrwamlm  for  weir  dJscluuvtt. 

's  the  actual  disebflrge  over  the  weir,  in  cubic  feet  per  second ;  * 
V  the  theoretical  discharge  over  the  weir,  in  cubic  ieet  per  second  •, 
bM' t »  the  vertical  distance  or  head  «m.  Fig.  24,  p.  6Sk,  in  leet,*  measured 
from  the  crest  a  to  the  horixmUul  surfiioe  o'ot  sUU  water  up-stream  firom 
tlie  weir; 
I.  —  the  length  a  a  of  the  weir,  in  feet,*  Fira.  21  to  22  a; 
9    «  the  aeoelenitlon  of  gravity  »  say  82.2  lieet*  per  second  per  second) 

e    ^  coefficient  of  discharge  «  q^^^"^^^^  -%'/ 

ifs»|e, 

m   ——  oySy^my^M  Bay 0J6«-« say 8.025m. 
fhen,  tor  the  theoretieAl  dlsdaarire,  we  have 

41'-|lH,/57H;| {V 

ami  for  the  actnal  dla«1iar|r^. 


«  |«LH/?7H 

8 

*»MMkLHy^fB. 

—  X  L  H  |/7»  z  L  /err.  z  L  hI 


i 

i 


(2) 

(3) 
(4) 


See  foot-notes 


F«r  tlie  valae  of  th«  e<»efli«lent  (c,  m,  or  x  t)  ve  have  recourse  to 
experimeut.  measuring  the  actual  discharge  and  comparii.g  it  with  the  theoret- 
ical one,  as  in  the  following  articles. 

*  The  fonnul»  apply  equally  to  any  system  of  measiues,  as  the  Eitgltah,  the  metric, 
etc  It  is  reqaisite  merely  that  the  units,  of  length,  of  time,  etc.,  used,  be  the 
same  throughout    In  metric  measure,  ff  =*  9.81  meters  per  second  pei  second. 

t  For  thtprmaU  we  suppose  the  head  to  be  measure<l  to  riVl  water,  so  that  H  «=  H'. 
Wlien  this  is  not  the  case,  see  **  Velocity  of  Approach,"  Art.  14  (ir),  etc. 

t  It  will  be  noticed  that  the  formul«e  (2),  (3)  and  (4),  with  their  corresponding  coef- 
fldents,  e,  m,  and  x,  are  really  identical,  differing  only  in  form.  The  last  is  the  most 
convenieot  in  practice,  but  all  are  met  with  in  works  on  hydranlk». 

2  When  water  issues,  nnder  a  head  H,  from  a  horiMonUd  orifice  in  the  hoUom  of  a 
▼erisel,  the  theoretical  velocity  (Art.  7,  is  =*  y^g^\  and  this  may  be  regarded 

as  tme  also  for  vertical  orifloes  in  the  gide$  of  vessels,  provldeil  the  head  H  to  the 
eenier  of  gravity  of  the  oilfice  is  at  least  two  or  three  times  the  vertical  dimension 
•f  the  orifice;  for  in  both  cases  the  theoretical  velocities  through  the  several  parts 
of  the  orifice  may  be  taken  as  eqttoL  But  when  a  vertical  orifice  is  nearer  (o  the  sur- 
fiboe,  or  when  it  reaeh£K  to  the  surface  as  in  the  case  of  a  weir,  we  must  take  into  con- 
sideration the  differences  in  the  velocities  with  which  th»  water  issues  from  points  at 
different  depths. 

"nieoretiaUly,  the  particles  pass  the  oblique  plane  «io\  Fig.  23,  in  horixoatal  lines, 
with  veloeities  («  ^TglT^  8.085  |^S)      ^ 

proportional  to  the  square  roots  of  O /M'  ft       

their  several  vertical  depths  h  (not 
indicated  in  fig.)  below  still  water 
■nrftice  at  o'.  Therefore  tf  from  a  m 
we  Imagine  horizontal  Hues  a  a', 
dd',  e  r',  c  c',  etc,  etc.,  to  be  drawn, 
representing  all  these  velocities  to 
any  scale,  then  the  enter  ends  a% 
d',  v',  e',  etc,  etc,  of  these  lines 
will  form,  with  «  m  and  ac^^  a 
parabolic  segment  amtf  t^^  the  area 
sf  which  is: 

o  2  2 

area  —  ^  area  of  rectangle  a  n  (see  Parabola,  p.  1«2)  =-amX«a'=»3H  VTfS\ 

•ad  this  area  in  square  feet,  multipUed  by  the  thlckn^^gf  ^Jhe^escaplng  sheet  of 
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(m)  Mr.  Jaiii««  B.  Francis*  experlroentod  at"  the  lower lookg,'*  Low«1 
Mass..  In  1852,  with  weirs  10  feet  lone,  5  feet  and  2  feet  high,  under  beads  fkx>u 
to  19  inches.    To  apply  his  results,  the  following  oonditious  must  exist: 

The  head  H,  Fig.  20,  must  be  between  6  and  24  inches.  1'be  height ;i  of  tl 
Tertical  back  of  the  weir  above  the  l>ottom  h  of  the  channel  must  be  at  leai 
twice  the  head  H.  The  crest  a  must  be  "  in  i  hin  partition  "  (foot-note  t  p.  641 
Eiud  its  length  Lj  Fi^.  21  to  22  a,  must  be  at  least  3  times  the  head  H.  The  enc 
t%h^ah  must  be  vertical,  and,  when  there  Ls  end  contraction,  '*  in  thin  partition, 

When  there  is  end  contraction.  Mr.  Francis  first  deducts  from  the  actual  lengt 
L  of  the  weir  onelentA^  o/  the  head  H  for  each  end  where  contraction  oxur 
Thus,  if  n  »  the  number  of  end  contractions  (two  in  Fig.  22), 


-,(L-.it)H,H-.(L-.^)Hn 

InFig.22.Q-«(L-^)  Hi^lT.t-*  (l-^)  H* 


(5) 


But  within  the  limits  specified  above,  the  formula  is  very  approximate  viC4oi 
cN^rrection  for  end  contraction,  provided  the  length  L  of  the  weir  la  at  least  1 
times  the  head  H ;  and  within  6  per  cent,  of  the  truth  when  L  is  ==  4  H.  Whe 
ihere  is  no  end  contraction,  of  course  no  such  correction  is  required,  and  it 

fortnula  remains  Q  » z  L  H  yKX  ^  z  L  H^  • 


Mr.  Franels  t[iv€»  x  =  3.33  for /set;  ^  or 

awa     w  .Aov. /i     _.!.  number  of       ^^  head  H 

Dl.eb.rv«  -  8.88  X  (length  -  ^^^  ^„,^,^^  X  --j^ 


)xH*,t 


the  mean  of  his  88  experiments  being  8.^18.  The  least  value  of  s  obtained  b 
him  was  3.3002,  or  1  in  112  less  than  3.83;  and  the  greatest  was  3.3617,  or  1  in  IC 
mure  than  3.33.  Hence,  with  x  =  3.83.  the  formula  will  give  the  discharge  fc 
€.'ach  of  his  experiments  within  1  per  cent.  In  67  out  of  the  88  experiment 
.r  ranged  between  3.32  and  H.35,  and  in  53  between  3.32  and  8.84.  When  z  is  3.3: 
111  is  =  0.415,  and  c  is  =  0.622. 

The-height  of  the  surface  was  measured  six  feet  back  from  the  weir  by  tw 
liDuk-gauges,  one  on  each  side  of  the  channel;  and  the  mean  of  their  reading 
wai  used  in  calculating  the  coefficient  z. 


w»ier.  or  length  L  of  weir,  in  feet,  gives  the  theoretical  discharge  in  cubic  feet  pt 
Herond.    Or 

Q' -  L  X  area  a  m  e'a' -  L  X  |h  i^pC 
8 

ffpnce,  area  a  m  c'a'  In  sq.  ft.  represents  the  theoretical  disch.  in  cub.  ft  per  sec.  ov« 
1  rt  length  of  weir,  under  head  H.  The  theoretioal  meanvel.  through  the  section  a  o'  1 

V         _f        theoretical  discharge  Q'        2  _  _   .^_-,      ,  „        2      »-r- 

area  am  3  '"  8 

or  two  thirds  of  the  theoretf  cal  hoti 
Bontal  velocity  a  a'  of  the  particle 
passing  imn?edlately  over  the  well 
As  in  the  case  of  orifices  (Art.  ( 
p.  641),  the  actual  vel.  at  tk«  »maU» 
•ection  of  the  sheet  aft«r  passing  th 
weir  (corresponding  to  the  *'ven 
contracta")  is  probably  very  nearl 
equal  to  this  theoretical  velocity. 
•"Lowell  HydfauUv  Kxperi 
ments,*'  Van  Nostrano,  New  York 
1883. 

t  In  Messrs.  Fteley  and  Steams*  experiments  this  figure  waa  not  constant  at  0.1( 
but  varied  between  0.061  and  0.124,  generally  increasing  as  the  head  decreased. 

I  We  here  supptwo  the  head  to  be  measured  to  the  snrfiuse  of  ttitt  water,  so  that  i 
anil  H'  (see  Art  14  A,  p.  648)  are  the  same.    See  Velocity  of  Approach,  Art.  14  («; 

I  Since  1  meter  —  3.2808  ft.,  the  value  of  z  for  metric  measure  oorraepondlng  to  111 
J'mnciV  8.33,  is  -  3.33  •«-  |^28U8»3.33  -•- 1.8118  -  L83&  OglC 


Fig.23 
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Taible  IS.*   Btaelianre  in  c«M«  feet  per  ••••iiA  tor  cacli  foot 
in  lenirtli  of  w«ir  io  thlo  plateand  without  end  oontnctioD,  by  the  Franeb      A 

fonnola:  Bteeluwye,  Q/L,  per  foot  of  weir  length,  -  3.88  H^  »  S.83  H  VhI     m 
Verj  approximaia  alao  when  there  is  end  contraction,  provided  that  L  is  at     V 
least  -  10  II :  and  bat  about  6  per  cent,  in  excess  of  the  truth  If  L  -  4  U.    Mr.      1 
Francis  limits  the  formuhi  to  needs  H  from  0.6  foot  to  2.0  feet^  but  no  serious 
error  will  result  from  usiug  the  table  for  anj  of  the  heads  given.    For  weim 
of  otlier  lenir^lut  than  1  foot,  multiply  the  Ubular  discbarge  by  the  actual 
ieugth  hi  feet. 


H«  head,  in  ft;  4|/I. 

■•  diach  In  cu  ft 

per  sec 

per  welr-Igth  ft 

H 

4I/I- 

H 

a/I- 

H 

a/I- 

H 

<I/I- 

H 

<I/I- 

.01 

0.006 

.51 

1.218 

1.01 

8.880 

IJ^l 

6.179 

2.01 

9.488 

ja 

0.009 

.52 

1.249 

1.02 

a430 

\A2 

6.240 

2.02 

9.560 

.03 

0.017 

JSS 

1.285 

1.03 

8.481 

1.63 

6JK)2 

2.08 

9.631 

.04 

0.027 

M 

1.321 

1.04 

8A32 

1.64 

6.864 

2.04 

9.708 

.05 

0.037 

M 

1.358 

1.05 

8.583 

1.65 

6.426 

2.06 

9.774 

.06 

0.018 

.56 

1.395 

LOO 

8.634 

1.66 

6.488 

2.06 

9.846 

.07 

0.062 

jyj 

1.433 

1.07 

8.686 

1.67 

6.661 

2.07 

9.917 

.06 

0.075 

M 

1.471 

1.08 

8.737 

]J» 

6.618 

2.08 

9.989 

M 

0.090 

.59 

1.509 

1.09 

8.790 

\JE» 

6.676 

2.09 

10.062 

.10 

0.105 

.60 

1.548 

1.10 

8.842 

1.60 

6.789 

2.10 

10.184 

.11 

0.121 

.61 

1J586 

1.11 

8.894 

1.61 

6.808 

2.11 

10.206 

.12 

0.138 

.62 

1.626 

1.12 

8.947 

1.62 

6.866 

2.12 

10.279 

.18 

0.156 

.63 

1.665 

1.13 

4.000 

1.68 

6.980 

2.18 

10.862 

.14 

0.174 

.64 

1.705 

1.14 

4.053 

1X4 

6.994 

2.14 

10.426 

.15 

0.193 

.65 

1.745 

1.15 

4.107 

1.65 

7.058 

2.16 

10.498 

.16 

0218 

.66 

1.786 

1.16 

4.160 

1.66 

7.122 

2.16 

10JJ71 

.17 

0.233 

.67 

1.826 

1.17 

4.214 

1.67 

7.187 

2.17 

10.646 

.18 

0.254 

.68 

1.867 

1.18 

4.268 

1.68 

7.261 

2.18 

10.718 

.19 

0.276 

.69 

1.909 

1.19 

4.323 

1.69 

7.316 

2.19 

10.792 

M 

0.296 

.70 

1.950 

1.90 

4.877 

1.70 

7.881 

2.20 

10.866 

.21 

0.320 

.71 

1.992 

1.21 

4.482 

1.71 

7.446 

2,21 

10.940 

.22 

0.344 

.72 

2.084 

1.22 

4.487 

1.72 

7.612 

2.22 

11.016 

.28 

0.367 

.78 

2.077 

1.23 

4.543 

1.78 

IJbV 

2.28 

11.089 

.24 

0.882 

.74 

2.120 

1.24 

4.598 

1.74 

7.648 

2.24 

11.164 

.25 

0.416 

.75 

2.168 

1.25 

4.654 

1.75 

7.709 

2.25 

11.239 

.26 

0.441 

.76 

2.206 

1.26 

4.710 

1.76 

7.775 

2.26 

11.314 

.27 

0.467 

.77 

2.250 

1.27 

4.766 

1.T7 

7  842 

2.27 

11.389 

.28 

0.498 

.78 

2.294 

1.28 

4.822 

1.78 

7.908 

2.28 

11.464 

.29 

0.520 

.79 

2.338 

1.29 

4.879 

1.79 

7.976 

2.29 

11.540 

.80 

0.547 

.80 

2.383 

1.80 

4.986 

IJO 

8.042 

2.80 

11.616 

M 

OJHS 

A\ 

2.428 

1.31 

4.993 

1.81 

8.109 

2.81 

11.691 

.32 

0.603 

.82 

2.473 

1.82 

6.0B0 

1.82 

8.176 

2.32 

11.767 

.33 

0.631 

.83 

2.518 

1.33 

6.108 

1.88 

8.244 

2.33 

11.848 

M 

0.660 

.84 

2.564 

1.84 

6.165 

1.84 

8.811 

2.34 

11.920 

JSS 

0.690 

.85 

2.610 

1.85 

6.223 

1.86 

8.879 

2.86 

11.996 

M 

0.719 

.86 

2.656 

\M 

6.281 

1.86 

8.447 

2.36 

12,073 

XI 

0.749 

.87 

2,702 

1.37 

6.340 

1.87 

8.615 

2.87 

12.150 

M 

0.780 

.88 

2.749 

1.38 

5.398 

1.88 

8.584 

2.38- 

12.227 

JOB 

0.811 

.89 

2.796 

1.39 

5.457 

1.89 

8.662 

2.89 

12.804 

.40 

0.842 

.90 

2.843 

1.40 

6.516 

1.90 

8.721 

2.40 

12.381 

.41 

0.874 

.91 

2.891 

1.41 

6.675 

1.91 

8.790 

2.41 

12.459 

.42 

0.906 

.92 

2.939 

1.42 

6.685 

1.92 

8.869 

2.42 

12.536 

.48 

0.939 

.93 

2.987 

1.43 

5.694 

1.93 

8.929 

2.48 

12.614 

.44 

0.972 

.94 

8.035 

1.44 

6.764 

1.94 

8.998 

2.44 

12.692 

A5 

1M5 

.95 

8.083 

1.45 

5.814 

1.95 

9.068 

2.45 

12.770 

.46 

1.039 

.96 

8.182 

1.46 

6.875 

1.96 

9.138 

2.46 

12,848 

A7 

1.078 

.97 

8.181 

1.47 

5.935 

1.97 

9.208 

2.47 

12.927 

AS 

1.107 

.98 

8.231 

1.48 

6.996 

1.98 

9.278 

2.48 

18.006 

.49 

1.148 

J99 

8.280 

1.49 

6J»7 

1.99 

9.848 

2.49 

13.084 

M 

1.177 

1.00 

8.S80 

1.50 

6.118 

2.00 

9.419 

2.60 

18.168 

*  Table  13  Is  an  extension  of  the  **originar*  table  published  In  our  first  edition. 
1872.  Most  of  the  values  now  given  are  taken,  by  permission,  from  a  table  published 
by  Measn.  A.  W.  Hnnking  and  Trauk  S  Hart,  of  Lowell.  Maas.,  in  May,  1884. 
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(n)  MMwrs.  A.  Fteley  n,nd,  F.  P.  Steanm  *  experimented  sC  Buttbt 
Man^  in  1877-79,  upca  weirs  5  feet  and  19  feet  long,  3  feet  2  inches  and  tf  fieet  6J 
inches  bigl),  and  uuder  heads  from  0.8  inch  to  19  inches.  For  weirs  in  thin  oai 
tition  and  without  end  contraction,  with  a  rectangular  and  uniform  channel  a 
^>proach  and  under  heads  greater  than  0.07  £6ot  or  0.M  inch  (other  cor^Uioi] 
•8  specified  in  (6)  and  (d>),  ineir  formula  is: 

IMsebarsrey  Q  -  8.31  L  hJ  -i-0i)07  L  \  . 

=  0.41K  L  H  y2jn  +  0.007  L   /  *   *       '  *  "    ^^* 
In  their  experiments,  the  heads  were  measured  six  feet  back  firom  the  wel 
The  total  variation  in  the  values  of  the  ooeificients  obtained  was  aboat  2^  pc 
cent.    Compare  foot-note  ^  below. 

■  X  experimented  at  D^on,  France,  in  1886-88,  with  weirs  i>oi 
about  IH  to  ^S  f<Bet  lone,  from  about  9  inches  to  H  feet  9  tneb< 
high,  and  under  faheads  from  2'^  to  21  inches.  The  top  of  tfa 
weir  is  shown  in  Fig.  23  a.  The  weirs  were  placed  at  aifferen 
points  in  a  rectangular  and  regular  canal  70U  feet  Ion] 
smoothly  lined  with  cement.  Compare  foot-note  |  below. 
While  Mr.  Francis  and  Messrs.  Ftelef  and  Steams  provid 
for  theeflect  of  velocity  of  approach  (see  Art.  14  tr  and  r«  b 
modifying  the  measured  head  U,  M.  Baain  includes  it  in  th 
ct}fficieTU  m  in  the  formula  Q  «=  m  L H  ^2i7U. 

g     Let  M  =  the  value  of  m  fur  the  case  where  velocity  of  aj 
•proach  =  0.    Then,  very  approxiuiately : 

*=«  U  meters  H  feet  H  fei 

When  velocity  of  approach  is  to  be  taken  into  account: 

Flg.aSo.  m=:Mri  +  0.55(^)2] (7); 

Measurements       ^        „  .    *w  ^i.    ;.     ^^'1  "'"'^  '   -^_^  - 

in  meters.        where  H  is  the  bead  •etnally  measured  to  mnnlng  watei 

and  p  is  the  height  abot  the  weir.  Fig.  20.    H  and  p  must  o 

course  both  be  measured  in  the  same  unit,  as  both  in  meters,  or  both  in  feet,  et< 

M.  Baxln  believes  that  except  in  the  case  of  Terr  low  weirs  (which  should  t 
avoided)  the  values  of  m  given  by  formula  (7)  and  in  Table  14  calculated  fh>i 
it,  will  be  found  within  1  per  cent,  of  the  truth  for  weirs  In  thin  partition  an 
without  end  contraction,  if  the  oonditions  of  his  experiments  are  exactly  reprc 
duced,  and  provided  especially  that  the  sheet  of  water  is  not  allowed  to  expan 
laterally  after  passing  the  crest  (Art  14  {d))  and  that  the  air  has  tree  access  t 
the  space  w.  Fig.  20,  behind  the  falling  sheet  of  water. 

For  heads  between  4  inches  ancl  1  foot,  M.  Baain  gives,  as  naflleleiitly  af 
proximate, 

when  there  is  no  velocity  of  approa(,b,  M  =  0.425,} 

and,  to  aUow  for  velocity  of  approach,  m  —  0.425  +  0.21  (tt-t^  ). 


*  Transactions,  American  Society  of  Civil  Engineers,  Jan.,  Feb.  and  March,  1883. 

+  See  correction  for  Veliicity  of  Approach,  Art.  14  («). 

I  Experiences  nouvelles  sur  l*6coQlement  en  ddversuir.  Extrait  dee  Anoales  dc 
3>oi:tB  et  ChauMeea,  Oct.,  1888.  Paris,  Vve  Oh.  Dunod,  1888.  Translation  by  A 
Marichal  and  John  C.  Trautwine,  Jr.,  presented  to  Engineers*  Club  of  Phiiadelphii 
in  1889,  for  publication  in  Its  Proceedings. 

}  This  would  make  x  «  3.41  (since  x  =»  m  yig  =  8.086  m);  whereas  Mr.  Franc! 
gives  X  =  333,  which  agrees  very  well  with  Messrs.  Ftelcy  and  Steams,  within  th 
limits  of  Art.  14  (m).  Tet  M.  Baain  measured  the  bead  16  feet  back  from  th 
weir,  while  the  other  experimenters  measured  it  only  6  feet  back,  and  the  sligli 
increase  of  head  thus  obtained  by  M.  Bazin  would  of  itself  have  made  his  ooefficJei 
lotetr  than  theirs.  Its  excew  may  l>c  largely  due  to  the  character  of  the  channsi  v 
approarh,  which  in  his  ca.^e  was  from  50  to  700  feet  long,  rectangular  and  regular  i 
cros<-8ectl<>n,  and  smoothly  coated  with  cement  In  the  orber  experiments  it  wi 
■inch  Sees  regular. 
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The  coefficient,  m=>  —  c  =     .  ^^ »  P-  ^49,  being  a  mere  ratio,  is 

Independent  of  the  unit  of  length  adopted  ;  bnt  Bazin's  M  and  m  in- 
clude correction  for  velocity  of  approach.  They  therefore  depend 
upon  the  unit  in  which  H  is  expressed.    See  p.  552. 

Using  Bazin's  m,  as  given  In  the  table  below,  we  have,  for  the 

dlscbanse  per  second  ;  

Cabic  muiers  -  ♦»  X  length  L  In  met  X  head  H*  in  mat.  X  y  2  X  9.»I  H  in  niei.? 

Cable /e«4      -  w  X  tength  L  in  feet  X  head  H»  in  feet  X  V'i  X  82.2  H  in  feet. 
It  will  be  DOtioed  that  below  tbe  Ii«i»t7  lines  the  head  H  h  greater  than 
14  height  p,  and  thua  exceeds  the  limit  laid  dovn  in  (f)  and  (in). 


Bfl«SB.Plg.M,i».«M* 


^ 

•pvraxlnuto 

'feet. 

laehM. 

M 
.06 
JBft 
M 
M 

.164 
.107 
.230 
.362 
.296 

1J»7 
2..16 
2.76 
S.lft 
9M 

.10 

MA 

8.04 

.14 

Mi 

.450 

4.lt 
5.51 

.16 
.16 

HH 

6.30 
T.60 

M 

JB6 

7.87 

.722 
.T87 

8,01 
8.4& 

.96 

.26 

.853 
.010 

10.24 
11.02 

JU 

M% 

11.81 

M 
.38 

1.060 
1.116 
1.181 
1.247 

12.60 
13.31) 
14.17 
14.M 

A& 

1.SI2 

16.T5 

At 

44 
.46 

.48 

1J7B 
1.444 
I.SOB 
1.^76 

lasi 

17.82 
18.21 
18J0 

JO 

1.640 

10^ 

M 

M 
M 

1.706 
1.772 
1.837 
I.90S 
1.080 

20.47 
21.26 
22.05 
22.M 
23.02 

Heighi,  p,  Fif .  20.  of  erest  of  wHr  Aow  bed  of  up*BtrcftB  ehannel. 


i 

meter*  0.20     0.30     0.40     0.50     OM    0.80     1.00     1.50     IM 
tm.      04B6  0J64   1J12   1.640   1.088  2.624  8.280  4.020  6^560 
iiKhea7J7   U.8I    15.75   10.60  28.02  81  JO  80.88  IOj07     78.76 

4 

m  m'  m  nt  Mf 

.458  .45.1   .451   .450  .440  .440  .449  .448  .446  .4481 

.456   .450   .447   .446   .445   .444  .443   .443  .443  .4427 

.455   .448   .445   .443   .442   .441  .440   .440  .430  .4381 

.456   .447   .443   .441   .440   .498  .438   .437  .437  .4363 

.467   .447  .442  .440  .488  .436  .436  .435  .434  .4340 


;1S. 

.447 

.442 

.438 

.437 

.485 

.434 

.433 

JSS 

.4332 

•s 

.448 
.450 

.442 
.446 

.488 
.496 

.486 
.436 

.4.*n 

.482 

.432 
.480 

.430 
.428 

.430 
.428 

4391 
.4207 

.471* 

.475 

.456 

.444 
.445 

.438 
.480 

.436 
.416 

.431 
.431 

.429 
.428 

.427 
.426 

.426 
.425 

.4246 
.4220 

.460 

.450 

.447 

A40 

.491 

.481 

.428 

.425 

.423 

.4215 

.481 
.486 

.486 
.465 

1S| 

.442 
.444 

.407 
.418 

.481 

.432 

.428 
.428 

.424 
.424 

.428 
.422 

.4203 
.4194 

.492 
.496 

.468 

.472 

.455  ■ 

.457 

TOT 
.448 

.440 
.441 

.432 
.433 

.428 
.429 

.424 
.424 

.422 
.422 

.4187 

.4181 

Mi 

.476 

.460 

.450 

.448 

.484 

.430 

.424 

.421 

^17i 

^ 

.478 
.481 
.4« 
.486 

.462 
.464 
.467 
^60 

.452 
.464 
.456 
^458 

■■tnT 

.446 

.448 
.449 

.4.16 
.437 
.438 
.439 

.4.10 
.431 
.4.12 
.432 

.424 
.4-24 
.424 
.424 

.42! 
.421 
.421 
.421 

.4168 
.4162 
.4186 
.4150 

_ 

.460 
.491 
.494 
.496 

.479 

.674 
.476 
.478 
.480 

.483 
.4« 
.485 
.497 
.489 
.490 

.460 

.461 
.468 
.466 
.467 

.468 

.470 
.472 
.473 
.475 
.476 

^1 
.450 
.454 

.456 
.457 

.450 
.460 
.461 
.463 
.404 
.466 

.440 

.438 

.4M 
.435 
.4.13 
.436 

.4.17 

■-IS? 

.438 
.430 
.440 
.441 

.494 
.426 
.425 
.425 
425 

.426 
.426 
.426 
.427 
.427 
.427 

.431 
.421 
.421 
.421 
.421 

.421 
.421 
.421 
.421 
.421 
.421 

.4144 

- 

.442 
.443 
.444 

.445 
.440 
.447 
.448 
-440 
.4U 

.4130 
.4134 

.4128 
4122 

.4118 

.4112 

.4107 

.4101 
.4066 
.4692 

Ovlng  to  the  wide  range  of  the  head  H  and  of  the  height  p  in  these  experi- 
ments, we  find  In  them  a  wider  dl  vergrence  in  the  values  of  the  coefficient 
than  resulted  from  the  earlier  Investigations.  Thus,  the  smallest  value  of  m 
above  the  heavy  lines  is  0.4092,  or  about  one  nineteenth  less  than  the  mean, 
•.4325;  and  tbe  greatest  is  0.459,  or  about  one  sixteenth  more  than  0.4325. 


*  In  these  experiments,  the  head  H  was  measured  at  a  point  6  meters  (1H.4  ft )  back 
from  the  weir.   The  correction  for  velocity  of  approach  is  contained  in  the  coefficient  m. 

t  It  is  the  value  of  m  when  then*  is  no  volocity  of  approach ;  i.  «.,  where  the  croes- 
«ect(on  of  the  channel  of  approach  is  Indefinitely  great  compared  with  tliat  of  the 
strixun  of  water  passing  over  the  weir. 
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(0)  From  a  coniMrisoii  of  «  number  of  experimental  data,  tlie  avikc 
deduced  the  following 

Table  15.    Approximate  YaloeA  of  tbe  eoefnclent  m  in  t] 

formula: 

lor  weirs  of  several  dilTerent  shapes  and  thicknesses.    (Original.) 


3  n.  thiek ; 

Head,  H. 

Sharp  Ufi.* 

llMhw 

thkk. 

■mooth;  slop* 
log  ontward 

s  n.  cbi«k : 

Feet. 

Inchea. 

fh«  1  in  U  to 
lioia. 

■^ 

m 

^ 

■a 

.0888 

^1 

jn 

.82 

.27 

J666 

.40 

M 

.84 

.80 

.25 

^ 

M 

M 

.81 

.8388 

.40 

Al 

M 

M 

w4166 

M 

M 

M 

iU 

A 

J» 

Ai 

M 

M 

.5888 

M 

Al 

M 

.82 

.6666 

J» 

Al 

M 

M 

.8883 

10 

M 

,40 

M 

M 

1. 

12 

M 

.41 

M 

M 

2. 

U 

.37 

.89 

ja2 

.80 

8. 

86 

.87 

.30 

,82 

M 

(q)  To  flnd  tbe  head  H.  approximately;  haring  the  dlschaxie  { 
According  to  formula  (3)  and  (4),  Art.  14  (/).  *  — o  • 


Hence 


(8) 


Head,  H, 

approximately ' 


uare  of  diacharge  of  stream,  in  cut,  ft.  per  sea 
«■  X  length*  X  64.4 


-^ 


jaq.  of^iscbarge, 
z«  X  length"  * 

The  coefficient  m  or  x  Itself  Taries  somewhat  with  the  head ;  but  the  formal 
luar  be  usefully  employed  as  an  approximation  by  Uking,  for  sharp-crestei 
weirs,  «4  =.  0.415  (m«  -  0.172)  or  x  -  8.33  (x«  -  11).  For  other  shapes,  see  Tabl 
Id,  above. 

(r)  fSabmerffed  weir*.  Fig.  23  6,  are  those  in  which  the  surface  of  th 
aotm-stream  water  at  A,  after  the  constructioi 
of  the  weir,  is  higher  than  the  crest  a. 

In  a  weir  discharging  freely  into  the  air,  a 
In  Fig.  20,  Mr.  Francis  found  that  with  a  hea< 
of  1  foot  the  discharge  was  diminished  onl; 
about  one  thousandth  part  by  placing  a  solii 
horizontal  floor  about  6  inches  below  and  li 
front  of  the  crest  of  the  weir  for  the  water  u 


Fi«.2ab 


fall  upon.  Also,  when  the  head  was  10  inches,  and  the  water  fell  freel^r  througl 
the  air  Into  water  of  considerable  depth  (as  in  Fig.  20),  the  quantity  aischarce< 
^^  as  the  same  whether  the  surface  of  the  down-stream  water  was  about  3  incne 
or  about  13  inches  below  the  crest  a. 

In  experiments  by  Mr.  Francis  and  by  Messrs.  Fteley  and  Stearns,  with  ai 
freely  admitted  underneath  the  falling  sheet  of  water  Just  below  the  crest  "Aht 
discharge  was  not  appreciably  aflTected  by  a  submergence  o(  h  =  from  0.017  H  U 
n.023  H.  When  air  was  only  partially  admitted,  the  discharge  was  affected  (<fi 
creased)  by  less  than  one  per  cent,  while  h  remained  less  than  0.15  PL 


*  These  raluee  luv  lower  than  those  given  In  Art  14  (m)  and  (a),  and  much  lowei 
than  tboM)  in  (o). 


Hn>BAnjG8. 
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l»ab«««*iifi»miiterors«biBerfredwefn.    Let 

SI  and  A  ==  the  heads  measured  Tertically  from  the  crest  a  of  the  weir  to  th« 
surface  of  still  water  ♦  ui>-stream  and  down-stream  from  the  weir, 
respectively.  ' 

*—H-A= their  difference  =»  the  difference  in  level  between  the  up-stream 
and  down-stream  surfkoes  of  still-water ;« 

e  -  coefficient  of  discharge  -    ^  actual  discharge^ 

,^  **        theoretical  discharge 

<l-cL(A-h|il)»'?lFT;t (9)  or: 

(•)  MeMiw.  Pteley  and  Bt««ms  J  experimented  at  Boston  In  1877  with 
BiilHBers««i  weira  under  uj^^tream  heads  H  from  about  4  to  10  inches ;  and 
Mr,  Francifi  J  at  Lowell  in  1883  under  heads  from  about  1  foot  to  2  fiet  4 
ineiies. 

From  tiiese  experiments  we  deduee  the  following 

«S2l!S  JI5i.*!LfH2!f  *^  ^•'*1**  **'  *''•  e«e«€ieiit  •  In  the  formula  for 
tiscoaige  over  rabmerirea  weira. 

Q-#L(A-h|dj,^J77l 

Deduced  fVom  experiment  by  Fteler  and  Steams  and  by  J.  &  Francis.  In 
MrJFrmncis'  ygf ™^fr  *>»«  ▼«Ine  of  •  for  a  given  value  of  h  -i-  H  generally 


Fteley  and  Steams. 

J.  a  Francis. 

(H-0JI25  to  0.815  feet) 

(H-lto2.82feet.) 

A-i-H 

e 

• 

j06 

428  to  482 

JO 

jm  to  JBK 

420  to  .680 

^ 

418  to  .628 

410  to  426 

M 

JOO  to  .610 

498  to  410 

M 

490  to  -600 

486  to  410 

JBO 

jSeS  to  .099 

485  to  .607 

JBO 

488  to  488 

489  to  .607 

.70 

460  to  490 

489  to  .607 

JSO 

481  to  491 

489  to  407 

JO 

490  to  .600 

M 

410  to  416 

•  For  velocity  of  approach,  see  Art  14  (a)  eta 

t  In  deducing  this  formula,  the  water  that  passes  over  the  weir  between  e  and  b  is 
anumed  to  flow  as  over  a  weir  with  its  crest  at  b,  and  with  free  discharge  into  the  air, 
ss  over  the  crest  a  in  Fig.  20;  and  for  this  portion,  by  formula  (2)  in  Art  14  (I),  the 
discfaaise  would  be:  ^ " 

Qj-cL|d|/2^; 

while  the  water  that  passes  through  the  lower  portion  between  b  and  a  is  regarded  as 
flowing  through  a  submerged  vertical  orifio9  whose  height  is  b  a  —  A,  under  a  head 
—  d.    Ibr  this  lower  portlao,  therefore,  the  discharge  would  be: 

Q.-cL»ys7aL 

It  Is  assumed  that  the  coefficient  of  discharge  e  Is  the  same  for  the  upper  sectloo 
c 6  ss  for  the  lower  one  a b,  Heocetadding  these  two  discharges  together,  we obtaiiL 
for  the  entire  disharge:  o     --»        .  —-^ 


Q  -  Qj  +  q,-cL  (» + 1  d)  y'jya. 


t  Transactions,  American  Society  of  Olvfl  Engineers,  March,  1868,  p.  101,  eto. 
I  Tkanssctlons,  American  Society  of  Civil  EngineerSk  Sept.,  1884,.pL  ^&  «I<V^ 
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it)  Mr.  Clemen*  Hentelielf  *  comparing  these  experiments  with 
some  earlier  ones  by  Mr.  Francis,  gives  the  following : 

Having  ascertained  the  depths  H  and  h  of  the  crest  below  the«tiU- 
water  levels  up-stream  and  down-stream  respectively,  divide  h  by  H. 
Find  the  quotient,  as  nearly  as  may  be,  in  the  column  headed  A  •?-  H  in 
Table  17.  Take  out  the  corresponding  coefficient  a,  and  multiply  it 
by  the  up-stream  head  H.t 

The  product  a  U  is  the  head  which  would  cause  the  given  weir  to 
discharge  the  same  quantity  freely  into  the  air,  as  In  Fig.  20.  Find 
the  discharge  into  air  over  the  given  weir  with  the  head  a  H ;  and 
this  dl«charge  will  be  approximately  the  same  as  that  of  the  actual 
submerged  weir  under  the  up-stream  head  H  and  against  the  down- 
stream head  h;  or  (H  being  the  actual  up-stream  head  on  the  sub- 
merged weir)  the  discharge  is  

Q  =  mnaHVZTaH  =  <PliaHVoia (10). 

TABUS  17. 


h-r-U 

II 

A-^H 

a 

h-i-U 

• 

.10 

1.000  to  1.010 

,45 

0.894  to  0.930 

.72 

0.762  to  0.784 

.20 

0.975  to  0.995 

.50 

0.874  to  0.910 

.74 

0.747  to  0.769 

.25 

0.960  to  0.984 

.55 

0.858  to  0.889 

.76 

0.732  to  0.762 

.30 

0.945  to  0.973 

.60 

0.829  to  0.863 

.78 

0.713  to  0.78S 

.36 

0.928  to  0.960 

.65 

0.808  to  0.888 

.80 

0.093  to  0.713 

.40 

0.912  to  0.946 

.70 

0.775  to  0.799 

f^'^g*^ 


(tt)  Veloeity  of  approach.  See  Fig.  24.  It  la  generally  imprac- 
ticable to  mMWce  the  betd  H'  to  pofeetly 
BtUl  water  o'  up-stnam.  The  heed  k  anally 
measured  at  a  point  o.  from  S  w  8  to  6  or 
8  feet  or  more  up-streau  ftrom  the  weir, 
according  to  the  sice  of  the  latter.  At 
such  points  the  veiocity  is  generally  ap- 

f»reciable,  and  the  eurfaoe  therefore  a 
ittle  lower  than  at  (/.  Hence  a  formula 
using  the  smaller  head  H  so  measured, 
iDiiead  of  H',  aud  coefficienta  based  upon 
H',  will  gire  too  small  a  discharge.  Mr. 
Francis  found  that  a  current  of  1  foot 
per  second,  or  nearly  0.7  mile  per  hour, 
at  the  point  o  to  which  the  nead  was 
neasured,  Increased  the  discharge  but  about  2  per  cent,  when  the  head  was 
18  inches ;  and  a  current  of  6  inches  per  second  increased  the  discharge  about  1 
per  cent  when  the  head  was  8  inches. 

If.  however,  the  velocity  of  approach  is  such  as  to  require  consideration,  pro* 
ceed  as  follows :  For  the  approxmiate  mean  velocity  of  approach,  we  have : 


£1s*24 


f^^JSgWThJ-* 


approximate  discharge 

~  area  of  entire  croea  section  of  stream  at  e  ' 


8.38  L 


Ht 


area  ate 


and,  for  the  head  due  to  this  velocity,  A  — . 

Then,  for  all  practical  purposes,  we  may  say :  H'  >-  H  +  A ;  or 

Q  «  f»  L  (H  +  A)  1^4  i^  ( H  +  A)  -  «  L  (H  +  A)t 


(11) 


although,  strictly  speaking,  the  difference  of  lerel  between  (/  and  o  is  really 
(as  shown  in  Fie.  24)  somewhat  greater  than  A,  or  than  v*  -i-2g,  because  r 
head  is  lost  in  niction  between  (/  and  o. 


*  Transactioni.  American  Society  of  Qvil  Engineers,  May,  1885,  pp.  189,  etc. 

f  Mr.  Heracbel's  table,  from  which  oars  is  condensed,  gives  a  for  every  0.01  foot  of 
A  -(-  H ;  but  the  valuee  of  a  intennediate  of  those  we  have  selected  may  be  taken  from 
our  table  almost  exactly  by  simple  proportion. 
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(r)  Meaars.  Ftelejr  and  Stearns  make  H'  =  H  +  1.S  A  for  suppressed 
weirs,  and  U'  =  H  +  2.05  h  for  weirs  with  complete  end  contractions,  as  averages ; 
and  Mr.  Hamilton  Smith,  Jr.,*  after  companne  their  experiments  with  others 
br  liesbros,  Castel  and  Mr.  Francis, gives H'  =  U  +  1  Vji  A, and H.'=U  +  IA A, for 
the '     ' 


he  two  cases  respectively. 
(«*)  On  the  other  hand,  Mr.  Francb*  formula,  i 
approach, 


modified  for  velodtj  of 
(12), 


makes  the  eflist  of  H'^few  than  that  of  H  +  A. 

(sr)  Hfesars.  A.  W.  Hnnklnv  and  Frank  S.  IIart,^lvll  and  Hj- 
diaulic  Engineers,  have  substituted  for  the  expression  ()/(H  +  A)"  — /^>  in 
formula  (12),  the  equivalent  one  K  y'H*,  In  which  K  is  a  coefficient  deduced  from 
the  former  expression,  and  therefore  depending  upon  the  relation  between  H 
and  A,  or,  ultimately,  upon  that  between  the  cross-section  a  m  Fig.  24  at  the  weir 
and  the  entire  cross-sectiou  of  the  stream  at  o. 

Having  found  the  area  of  cross-section  at  o,  divide  it  by  (h  —  n      j,  which 

is  the  lenffth  of  the  weir  corrected  for  contraction.    See  Art.  14  (m).    Call  the 
quotient  I>.|    Divide  the  measured  head  H  by  D.    Find  this  last  quotient  In 

the  column  ~s  of  the  table.     Multiply  the  approximate  discharge,  Q  ■"  8^ 


f  L  ^»  —  j  Ht,by  the  corresponding  coefficient  K;  or 
Actnal  ]>l»ebarce  Q  »  3.33  K  ^L  —  n  j|  ^  hI. 
TnMe  IS.    Coefficient  K  In  formnla  (13), 


(18) 


M. 

K 

H 

K 

H 

K 

H 

K 

H 

K 

D 

D 

D 

D 

I) 

jOI 

1.0000 

.09 

1.0020 

.17 

1.0072 

.24 

1.0143 

.31 

1.0239 

j02 

1.0001 

.10 

1.0025 

.18 

1,0081 

.26 

1.0165 

.82 

1.0254 

.03 

1.0002 

.11 

1.0030 

.19 

1.0090 

.26 

1.0168 

.38 

1.0271 

j04 

1.0004 

.12 

1.0036 

.20 

1.0100 

.27 

1.0181 

.34 

1.0287 

M 

1J0006 

.13 

1.0042 

.21 

1.0110 

.28 

1.0195 

.35 

1.0306 

M 

1.0009 

.14 

1.0O49 

.22 

1j0121 

.29 

1.0209 

.36 

1.0322 

jn 

1.0012 

.15 

ixms 

.23 

1.0132 

JO 

1.0224 

.37 

1.0341 

.06 

1.0016 

.16 

1.0064 

•  *«  HydnmllGi."  John  Wiley  &  Sons,  New  York,  1886. 

t  If  there  are  end  contraGtioDs,  Lherebeoomes/L  — n  -rj.     See  Art  14  (m). 

X  This  formala  Is  deduced  as  follows :  Let  the  area  of  the  parabolic  segment  a  i  a', 
Vlg.  24,  represent  the  theowtical  discharge  over  a  weir  one  foot  long  (as  explained  in 
foot-note  {  p.  549)  under  the  measured  h^ul  H  =  a  «,  as  though  there  M-ere  no  current 
at  o.  Let  m$sah='V*+2g.  The  theoretical  velocltlee  of  the  particles  passing  the 
c^Uque  ]4ane  o  a  under  their  actual  heads,  will  now  be  represented  by  horizontal  lines 
(•",  a  d*y  etc.,  etc.,  drawn  fh>m  every  point  In  •  a  to  the  oviUr  curve  c"  a."  \  the  line  •  •" 
representing  V  s  velocity  of  approach  ^  ^^gK  ^d  aa"  representing  1^2  ^  (H  +  A). 
Then,  areas*'' o^'a 

2  2 

aareaaia^a  —  areaais''f  »  —  area  of  rectangle  a  a  — --  area  of  rectangle  sir 

3  3 

-|(H  +  »)»^HH  +  *)--|-Ay'J7x;-  |/rg(»TirTi)*-^x»); 

and  the  actual  discharge  is 
Q  s>  e  X  length  of  weir  X  area  ••^0*0  —  oLy  )/J7  /j^(H  +  A)*—  yTPJ 

-«Ly'^(|^(ff+'»P- »^^*) -«L(v(ir+ A)»-|^). 
\\ix%  wdr  without  end  contraction,  D  -  H  +  p.      ..^^^^  ^^  L^OOglc 
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E  is  yery  ftpprozlmatelj  "■  *  +  "7  ("5")  *    ^•''^ 


(14) 


S««  Journal  of  the  Franklin  Institute,  Philadelphia,  Auguft,  1884,  firom  whlcl 
we  ^^ndense  the  above  table. 

(tf)  H.  BaBln,  see  Art.  14  (o),  provides  for  the  velocity  of  approach  bj  modi 
fy f ng  the  coefficient  m  instead  of  the  head  H,  making  m  —  0.425  +  0.21  (-^j  ; 
Willie  by  Messrs.  Hunking  and  Hart's  method  (based  upon  Mr.  Francis*  ezperl 
jueuts)  m  becomes  =  0.415  +  0.10  (  jx  )  . 

Art.  15.  Inclined  weirs.  If  the  up-stream  face  of  the  weir,  instead 
of  being  vertical,  as  in  Fig.  25,  is  inclined  up-stream,  as  in  Fig.  25  tf,  or  down 
e^tream,  as  in  Fig.  256,  the  character  and  amount  of  the  discharge  are  modified 
\VUh  an  up-stream  inclination  (Fig.  25a)  the  lower  side  of  the  sheet  of  wate 
passing  over  the  weir  leaps  higher,  and  tends  more  and  more  up-etream  as  th 


Fio.  25  a. 
IncliBed  np-8treaai 


Fio.  206. 
Inellned  dowB-streuM. 


iricltnation  is  increased.  With  a  down-stream  inclination  (Fiff.2S6),on  the  con 
triirv,  as  the  inclination  increase-t  the  upward  leap  of  the  sheet  decreases,  it 
vrofile  becomes  more  and  more  flattened,  and  the  curve  of  the  upper  surface 
due  to  the  fall,  extends  farther  up-stream  fkY>m  the  crest  of  the  weir. 

An  up-stream  inclination  (Fig.  25  a)  decreases,  and  a  down-stream  one  {V\g 
2~»  ^)  increases,  the  discharge,  as  is  indicated  by  the  following  coefficients  oo 
t:ilu«d  by  M.  U.  Bazin  :* 

For  the  dUehMrgre  ower  an  Inclined  weir,  having  ascertained  th< 
J'>charge  over  a  vertical  weir  of  the  same  heieht  and  head  and  under  similai 
conditions  in  other  respects,  multiply  the  discharge  over  the  vertical  weir  bj 
iihe  following  approxinmte  coefficients: 


Inclination. 

Angle 

Ooef. 

Horizontal. 

Vertical. 

with  hor. 

with  vert. 

fldent 

^ 

460 

450 

0.98 

^^'el^8    inclined   up- 
stream. Fig.  25  a..- " 

56P19' 
710  84' 

88°  41' 
180  26' 

0.94 
0.96 

Vertical  weirs,  Fig  25... 

90° 

(P 

1.00 

71°  34' 

180  2G' 

1.04 

Weirs  Inclined  down- 
stream, Fig.  25  6.... 

56°  19' 
450 

830  41' 
4«o 

1.07 
1.10 

260  34' 

630  26' 

1.12 

*  "Experiences  Nouvelles  snr  T^conlement  en  DAversoir,*'  26  Article;  "  Annal« 
dr«  PonU  et  ChaiuB^es,**  January,  1890,  translated  in  ProotediiuM,  Bitgm0er$'  Chtb  0/ 
I^ttil^Mlelpkia,  vol.  Ix.,  189^ 
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The  dlaeharn  will  be  Inereaaed  alio  if  the  Inner  ooraer  or  edge  of  the  crest 
i  rouDded  oflf;  instead  of  being  left  sharp ;  or  if  the  sides  of  the  reservoir  con- 
rerge  more  or  leas  as  they  approach  the  weir,  so  as  to  form  wiogs  for  guiding 


the  water  more  directly  to  it:  or  if  ab.  Fig  20,  be  leas  than  twice  u  m.  Indeed, 
so  many  modifying  circamstances  exist  to  embarrass  experiuieu  Is  on  this  and 
similar  subjects  that  some  of  those  which  have  been  made  with  great  care  are 
rendered  inapplicable  as  other  than  tolerable  approximations,  in  consequence 
of  tlie  neglect  to  talce  into  consideration  some  local  peculiarity  which  was  not 
at  the  time  regarded  as  exerting  an  appreciable  effect.  Unless,  therefore,  cir- 
cnmstancefl  admit  of  our  combining  all  the  conditions  mentioned  in  Art.  14  ((0, 
(/)  and  (m),  pp.  617,  548  and  060^  thereby  securiujg  very  approximate  results,  we 
must  eitner  resort  to  an  actual  measurement  orthe  discharge  in  a  vessel  of 
known  capacity ;  or  else  be  content  with  rules  which  may  lead  to  errors  of  n, 
10,  or  more  per  cent  in  proportion  as  we  deviate  from  these  conditions.  Fre- 
quently even  10  per  cent,  of  error  may  be  of  little  real  importance. 

1.  When  the  water,  after  passing  over  a  weir,  Fig.  26,  instead  of  fall- 


i 


Fig.  20, 

ing  freely  into  the  air,  is  carried  away  by  a  slightly  inclined  apron  or  trough,  T, 
the  floor  of  which  coincides  with  the  crest  a.  of  the  weir,  then  the  discharge  is 
not  appreciablv  diminished  thereby  when  the  head  a  m.  is  15  inches  or  more 
Put  if  the  head  a  m  is  but  I  foot,  then  the  calculated  discnarge  must  be  reduced 
about  one-tenth;  if  6  inches,  two-tenths;  if  2^  inches,  three-tenths ;  and  if  1 
inch,  flve-tenths,  or  one-half,  as  approximations. 

Remark  2.  Professor  Thomson,  of  Dublin,  proposed  the  use  of  triangular 
notches,  or  weirs,  for  measuring  the  discharge ;  inasmuch  as  then  the  periphery 
always  bears  the  same  ratio  to  tne  area  of  the  stream  flowing  over  it;  which  is 
not  tne  eaae  with  any  other  form.  Kxperimen ting  with  a  right-angled  triangular 


Fig.  2eA. 

notch  in  thin  sheet-iron.  Fig. 26  A,  with  heads  of  from  2  to  7  Inches,  measured 
vertically  tram  the  bottom  of  the  noteh  to  the  levd  turfaee  of  the  quiet  water^  he 
found  ducharge  in  cubic  feet  per  second  » .0051 X  KAfth  power  of  Bead  in  inches. 
B  2L54  X  yHfth  power  of  fiead  in  feet.*  Or,  in  general,  if  m  »  coeflicient  of 
ooDtraction  (Art  9,  n.  Ml)  T  »  tangent  of  half  the  angle  of  the  notch  =  width 
of  water-surface  -»-  the  depth  in  the  notch,  g  «  the  acceleration  of  gravity  ^  say 
r  second,  and  A  »  the  head,  measured  as  above ;  then 


913L  feet  per  i 


Dlaeharge  »  ^,v  T  y^T^  *  -  4.28  m  T  /*»•* 

10 


Bamark  8.  In  oonstrueting  the  irrigating  canal,  Canale  Vllloresi,  near  Milan, 
In  1881-i,  the  lUlUn  engineer,  Cesare  Cippolettl.f  adopted  a  trapeBoldal 

noteli*  with  its  bottom  edge  horizontal  and  Its  ends  sloping  at    .^^ — :,  in 

order  to  avoid  the  necessity  of  either  suppressing  or  allowing  for  end  contrac- 
tions. (See  Art.  14  e,  p.  647,  and  m,  p.  660.)  The  oontraction  was  found  to  atfect 
only  the  triangular  spaces  over  the  sloping  ends  of  the  weir,  and  the  efl'ective 
length  of  the  weir  thus  remained  constant  <and  equal  to  the  length  of  the  bot^ 
torn  edge)  for  all  heads.  In  using  these  weirs  the  contraction  is  complete  along 
the  bottom  as  well  as  at  the  ends. 

""♦For  such  roots  see  p.  68. 

tSee  his  work,  Oaials  VfHonti;  Modulo  per  la  DfqMiiM  deOa  Acqva,  «te.,  Milan, 
1886;  pablished  by  Sodete  Italiaim  per  (^ndotte  d'Acqua.  Results  summarized  by 
L.G.  6tfpent«r,  in  Bulletin  No.  13,  Agricnltursl  Experiment  Station.  Fort  Collins, 
GUocado,  October,  1800. 
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V  ones.    1  n  oraer  lo  approxunase  ronirn^y  m»  me  laean  ▼«■  wne 

e  greatest  surf  vel  is  given,  it  is  rreqiieiitl^  assumed  tiiat  the  fonuer  is  => 
r  .8)  of  the  latter.  But  Mr.  Francis  found,  in  liis  experiments  at  Lowell,  thi 
rface  floats  of  wax,  2  ins  diaro,  float  ing  down  the  center  of  a  recungular  flura 


ON  THE  FIjOW  of  WATER  IM  OPEM  CHAMITBIA 

Art.  16.  The  mean  velocity  of  flow  is  an  imaginary  uniform  om 
wliiub,  if  given  to  the  water  at  ever^  point  in  the  cross  section,  would  give  tk 
mmB  discharge  that  the  actual  ununitorm  one  does.    Or 

_      . .         volume  of  discharge 

mean  Yeloelty  «» ? tt- 

area  of  cross  section 

In  channels  of  uniform  cross  section,  the  maximnm  ireloeitjr  Is  foun 
BVH>ut  midway  between  the  two  banks,  aud  generally  at  some  disl  beluw  the  sui 
face.  This  diiit  varies  in  diCT  streams;  but,  as  an  average,  it  seems  to  b«  abov 
one  third  of  tlie  total  depth.  Where  the  total  depth  is  great  in  proportion  t 
the  width,  (say  \  the  width  or  more),  the  max  vel  has  been  found  as  deep  a 
midway  between  surf  and  bottom ;  while  in  small  shallow  streams  it  appears  t 
approach  the  surf  to  within  from  .1  to  .2  of  the  total  depth.  Many  experimeol 
upon  shallow  streams  have  indeed  iudicated  that  the  max  vel  was  at  the  aurf. 

The  ratio  between  the  velocities  In  dllTerent  |iarta  off  th 
cross  section  varies  greatly  in  diflf  streams;  so  that  but  little  dependeuc 
can  be  placed  up<m  rules  for  obtaining  one  f^om  the  other.  With  the  aame  sur 
rel,  wide  and  deep  streams  have  greater  mean  and  bottom  vels  than  small  sha 
low  ones.  In  order  to  approximate  roufrhly  to  the  mean  wel  whe 
the  greatest  surf  vel  is  give     ''  '    '  *  "  *'    '  -^    '  '- 

(or":  " 

Murface  t  .  , 

10  ft  wide,  and  8  ft  deep,  actually  moved  about  6  per  cent  siower  tlian  a  tin  tub 
2  Ins  diam,  reaching  from  a  few  ins  above  the  surf,  down  to  sritbin  1)  ins  of  tb 
bottom  of  the  flume;  and  loaded  at  bottom  with  lead,  to  insure  its  maintainin 
A  nearly  vert  portion.  While  the  wax  jrorf  float  moved  at  the  rate  of  8.73  ft  pc 
se«,  the  rate  of  the  tube  (which  was  evidently  very  nearly  the  same  as  that  o 
the  center  verf  thread  of  water)  was  3.98  ft  per  sec.  Also,  that  in  the  same  fluuK 
with  vels  of  the  center  tube  varying  from  1.55  to  4  ft  per  sec,  the  vel  of  the  tub 
WAS  lest  than  that  of  the  mean  vel  of  the  entire  cross  section  of  water  in  tb 
flume,  about  as  .96  to  1,  for  the  lesser  vel:  and  .98  to  1  for  the  greater  ve 
While,  in  another  recUngular  flume  20  ft  wide  and  8  ft  deep,  with  vels  varyin 
f  rjm  1.16  to  1.84  ft  per  sec,  that  of  the  tubes  was  grecUnr  than  that  of  the  entir 
mass  of  water,  about  as  1.04  to  1.  In  a  flume  29  ft  wide,  by  8.1  ft  deep,  with  vel 
of  about  3  ft  per  sec,  it  was  as  1  to  .9 ;  and  in  a  flume  36^  ft  wide,  by  8.4  ft  dee] 
with  vels  of  about  '6\  ft  per  sec,  as  1  to  .97. 

Charles  Ellet,  Jr,  €  E,  found  In  the  Mississippi  "at  diff point 
on  the  river,  in  depths  varying  ''rom  64  to  100  ft;  and  in  currents  varying  troy 
S  to  7  miles  an  hour  that  the  speed  of  a  float  supportiug  a  line  50  ft  long,  is  a 
most  always  grea  er  than  that  of  the  surf  float  alone."  The  same  results  wei 
obtained  with  lines  25  and  75  ft  long;  the  excess  of  the  speed  of  the  line  float 
l>eing  about  2  per  cent  over  that  of  the  simple  floats:  and  Mr.  Ellet  conclude 
therefore,  tliat  the  mean  vel  of  the  entire  cross  section  of  the  Mississippi,  inatea 
of  being  les.%  is  altsolutely  greater  by  about  2  per  cent,  than  the  mkam  lut/ vc 
He,  however, employed  .8  of  \he  greaif st  surf  vel  as  representing  approximate!; 
in  his  opinion,  the  mean  vel  or  the  erUim  cross  section  of  water.  In  shfUlo 
streams,  he  always  found  the  surf  float  to  travel  more  rapidly  than  a  line  floa 

European  trials  of  the  mean  vel  of  separate,  single  verticals^  In  tolerably  dee 
rivers,  have  resulted  in  from  .85  to  .96  or  the  surf  vol  at  each  vertical.  The  mea 
or  all  may  be  taken  at  .9. 

Bottom  velocity.  In  streams  of  nearly  uniform  slope  and  cross  sectloi 
there  Is  a  great  rediictfon  of  vel  near  the  bottom.  As  a  very  rough  approximi 
lion,  the  deepest  measurable  vel,  in  streams  of  nniform  slope  eto,  appears  to  I 
from  ^  to  I  01  the  mean  vel. 

Art.  17.  To  measure  the  snrflsce  velocity,  select  a  place  whei 
the  stream  is  for  some  dist  (the  longer  the  better)  of  tolerably  uniform  croi 
section;  and  free  from  counter-currents,  slackwater,  eddies,  rapids,  etc.  01 
ft^Tve,  bv  a  seconds-watch,  or  pendulum,  how  long  a  time  a  float  (such  as  a  sma 
k>]oclc  or  wood)  placed  in  the  swift^^  part  of  the  current,  occupies  in  passir 
tkirough  some  previously  measured  dist.  From  50  feet  for  slow  streams,  to  150 
for  rapid  ones,  will  answer  very  well.  This  dist  in  ft,  or  Ina,  div  by  the  entit 
number  of  seconds  reqd  by  the  float  to  traverse  it,  will  give  the  greatest  surf  v 
ill  ft  or  ins  per  sec. 

The  snrf  vel  should  be  measd  In  perfectly  calm  weathei 
Bo  that  the  float  may  not  be  dlsturl>ed  by  wind;  and,  for  tlie  same  reason,  \\ 
flr>at  should  not  project  much  above  the  water.    OThe  measurement  should  I 
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repeated  several  times  to  Insure  accuracy.  In  very  fiinall  streams, 
the  banks  and  bed  may  be  trimmed  for  a  short  dlst,  so  as  to  present 
a  uniform  channel-way.  The  float  should  be  placed  in  the  water  a 
little  dlst  above  the  point  for  commencing  the  observation ;  so  that 
•n,      An  *t  ™"y  acquire  the  full  vel  of  the 

Jfig  2 1  water,  before  reaching  that  point. 

**  Art.  18.  To  ir«iiflr«  a  stTeaBi 
7  meana  of  Ita  velocity.  Select 
place  where  tbe  craHHWciion  nmaini,  for 
1  ihort  disUnce,  tdenbly  unifoim.  and  ftM 
from  counter-currenti,  eddiee,  itlU  water, 
other  Ine^ilailUes.  Prei»Bn  a  careful  cnai- 
lection,  ae  Fig.  27.  By  means  of  polai.  or 
n.  dlrlda  the  stream  into  •eetloos,  a*  &.  C  Ac  Plant  two  rance-polev. 
B.  B*  at  the  upper  and,  and  tvtpo  otben  at  the  lower  end.  of  the  distance  tfamufb 
which  the  floats  are  to  pass;  for  obserring,  by  a  seoonda  watch  or  a  pendulum,  the  time 
whldi  they  oeeopy  in  tbe  pasMie.  Then  meesure  the  mean  Telocity  of  each  section 
a,  b»  C.  Ac.  aeparataly,  and  directly,  hy  meana  of  kins  floats,  as  F  L.  reaching  to 
near  the  bottom:  and  projecting  a  little  abora  the  suifaca.  Hm  floats  may  be  tin 
tutMB.  or  wooden  rods;  weighted  in  either  casa,  at  the  lower  end.  until  they  will  float 
nearly  Tertlcal.  They  must  be  of  different  lengths,  to  suit  the  depths  of  the  dlfferont  sec- 
Qons.  For  this  purpoee  tbe  float  may  be  made  in  pieces,  with  screw-Joints.  The  area 
cf  each  separate  section  of  the  stream  in  square  feet,  being  multiplied  by  tbe  obeerred 
mean  velocity  of  its  water  in  feet  per  Moond,  win  give  the  discharge  of  that  section 
In  cd>ic  feet  per  second.  And  the  disebarges  of  all  the  seperate  sectlone.  thus  obtained. 
when  added  togetfasr,  will  give  the  total  dlaefaargo  of  tbe  stream.  And  this  total  dls- 
diarae.  diflded  by  the  entire  area  of  croas  lertion  of  the  stream  in  sqwsio  ffet»  gives 
tbe  swan  velocity  of  oZI  the  water  of  the  stnaat,  in  foot  per  oeoond. 


{ 


If  tlie  duuinel  to  In  eonamoB  earth,  especially  if  sandy, 

the  loss  by  Boakage  into  the  auil,  and  bv  evaporatloD,  will  frequently  abstract  so 
much  water  that  the  diach  will  gradually  liecome  less  and  less,  the  farther  down 
streaui  it  is  measurfd.  Long  canal  feeders  thus  generally  deliver  into  the  Canal 
but  a  small  proportion  of  the  water  that  enters  tneir  upper  enda 

Tbe  doable  float  is  used  for  ascertaining  vela  at  difT  depths.  It  consists 
of  a  float  resting  upon  tbe  surface  of  the  water,  and  of  a  heavier  body,  or  "lower 
float",  which  is  suspended  from  the  upper  float  by  means  of  a  oord.  The  depth 
V  tbe  lower  float  of  course  depends  upon  tbe  leogtb  of  the  suspending  cord 


twhich  may  be  increased  or  diminished  at  pleasure  until  the  lower  float  is  lie* 
fleved  to  be  at  that  depth  for  which  the  vel  is  wanted),  and  upon  its  straight* 
oess,  which  is  more  or  leas  afibcted  by  the  cnrreni.  Owing  to  this  latter  drcumf 


stance,  it  is  difficult  to  know  whether  tbe  lower  float  la  really  at  tbe  proper 
depth.    Moreover  it  Is  uncertain  to  what  extent  tbe  two  floats  and  the  string 


Interfere  with  one  another's  motions.  In  deep  water  the  string  may  oppose  a 
areater  area  to  tbe  current  than  the  lower  float  itself  does.  It  thus  beeomes 
ooubtful  to  what  extent  the  vel  of  the  upper  float  can  be  relied  upon  as  indlcat- 


ater  area  to  tbe  current  than  the  lower  float  itself  does.    It  thus  becomea 
ibtful  to  what  extent  the  vel  of  the  upper  float  ca 
Ing  that  of  the  water  at  tbe  depth  of  the  lower  one. 
Art.  19.    GMtelll*B  qnodrant,  or  bv-drometrie  peBdnlam, 

consisted  of  a  metallic  ball  suspended  by  a  thread  from  the  center  ofto  graduated 
•re.  The  instrument  was  placed  in  the  current,  with  the  are  parallel  to  the 
direction  of  flow ;  and  tbe  vel  was  then  calculated  from  tbe  angle  formed  be- 
tween the  thread  and  a  vert  line. 

Ciaatbey^a  prcnanre  plate  was  a  sheet  of  metal  suspended  by  one  of  its 
ands,  about  which  it  was  leff  free  to  swing.  The  plate  was  immersed  in  the 
stream,  with  its  face  at  right  angles  to  the  current.  The  vel  was  estimated  by 
meana  of  tbe  weight  required  to  make  the  plate  bang  vert  in  opposition  to  the 
force  of  the  current. 

Pitot*s  tabe  was  originally  a  simple  glass  tube,  Fig.  27  A,  open 
at  both  ends  and  bent  in  the  shape  of  the  letter  L.  One  leg  of  the 
L  was  held  horizontal  under  water,  with  its  open  end  faclne  the 
current ;  and  tbe  velocity  v  at  the  point  o  where  it  was  placed  was 

measured  by  the  vertical  height  A  ^theoretically  »» |- j  to  which  ' 

the  water  rose  in  the  other  leg  above  the  surface  of  the  stream.     ***►•  ^-^ 
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As  developed  by  M.  Dare^  and  by  Prof.  ft.  W.  RobinaoM,*  and 

rudely  indicated  in  Fig.  27  B,  Pilot's  tube  consists  essen- 
,  rr  tially  of  itvo  iiorizontai  glass  or  luetal  tubes  a  and  6,  of 

^*  very  small  bore,  placed  side  by  side  in  tiie  current  and 

pointed  up-stream.  Tube  a  receives  the  current  in  Its 
open  up-stream  end,  while  b  is  closed  at  its  up-streaiu 
end,  and  has  small  UUerai  openings  only.  The  other  end 
of  each  tube  communicates,  by  means  of  small  metal  or 
rubber  pipine,  with  one  legof  an  inverted  U-shaped  glass 
gauge  fixed  in  a  boat  or  on  shore.  For  convenience,  the 
iwo  flexible  pipes  may  be  joined  together  into  one  double 
pipe.  By  sucking  through  a  stop-cock  T  at  the  top.  water 
18  drawn  up  to  any  conTsnient  height  in  the  two  legs  of 
the  gauge.  When  measuring  the  flow  iu  pipes  uuder 
pressure,  such  suction  is  uuneoeesary,  and  a  U-shaped 
mauometer  is  commonly  used,  the  U  being  filld  with  a 
liquid  heavier  than  water.  When  there  is  no  current,  the 
two  columns  of  course  stand  at  the  same  level;  but  when 
a  current  is  flowing,  they  stand  at  diff  levels,  as  in  Fig 
27B.  and  the  Telocity  is  giTen  by  the  equation,  v  -><;|/2  ff  h 
where  h  —  ttie  diff  of  level  of  the  two  oolumu-tops.  v  —  the  vel  of  the  water  at 
the  point  where  it  impinges  upon  tube  a,  ^r  —  acceleration  of  gravity  —  32.2  ft 
(9.81  meters)  per  sec  per  sec,  and  e  «  an  experimental  coeflScient,  found  prefer- 
ably by  rating  the  apparatus  in  a  current  of  known  vt).  When  the  hor  end  of 
tube  b  is  drawn  to  a  long,  smooth,  fine  point,  facing  the  current,  and  its  (Un- 
gential)  orifices  are  placed  at  some  dLst  down-stream  from  said  point  ana  are 
made  small,  and  their  edges  carefully  smoothd,  to  avoid  dlsturbauoe  of  flow,  the 
coeff  e  approximates  very  closely  to  unity,  so  that,  for  practical  purposes, 
V  —  y'2  g  h.  The  instrument  is  remarkably  simple  and  accurate,  and  can  be 
used  in  very  narrow  and  shallow  streams  of  water  or  of  gas.  it  measurea  Telo- 
cities  as  low  as  4  inches  per  second. 

In  practice,  a  and  h  are  fixed  together  in  one  piece,  and  placed,  when  In  nae, 
ln«  meUl  frame  which  slides  vertically,  either  upon  a  wire  passing  through  it 
and  provided  with  a  plummet  which  rests  upon  tne  bottom  and  keeps  the  wire 
stretched,  or  (in  streams  shallower  than  about  20  feet)  upon  a  vertical  wooden 
rod,  the  lower  end  of  which  holds  in  the  bed  of  the  stream.  In  the  former  case, 
the  frame  is  provided  with  a  long  vane  for  keeping  the  instrument  headed  up- 
stream. In  either  case,  means  are  provided  for  showing  the  depth  to  which  the 
instrument  is  submerged. 

By  making  the  gauge  scale  adjustable  vertically,  and  placing  it  (at  each  change 
of  depth  of  instrument)  with  its  zero  opposite  the  top  of  the  lower  column,  we 
obviate  the  necessity  of  observing  the  height  of  both  columns  at  eaeh  reeding ; 
for  the  reading  of  the  upper  column  alone  then  gives  the  head  h  at  once. 

Art.  20.  The  wheel  meter  consists  of  a  wheel  which  Is  turned  by  the 
current,  and  which  communicates  its  motion,  by  means  of  itM  axle  and  gearing, 
to  indices  which  record  the  number  of  revolutions.  The  instrument  may  he 
clamped  to  any  part  of  a  long  pole  reaching  to  the  bottom  of  a  stream,  and  thus 
may  be  used  at  any  depth.  The  observer,  by  means  of  a  wire,  rod  or  string 
reaching  down  to  the  instrument,  throws  the  registering  apparatus  first  into, 
and  then  out  of,  gear  with  the  wheel  (applying  a  brake  to  the  former  at  the 
instant  it  is  thrown  out  of  gear),  and  carefully  noting  the  times  when  he  does 
so.  The  instrument  is  then  raised,  the  number  of  revolutions  in  the  measured 
time  is  read  off  from  the  indices,  and  from  it  the  velocity  is  calculated.  But  the 
meter  is  often  made  nelf-reflrlsterlniT ;  the  wheel,  at  each  revolution,  auto- 
maticallv  breaking  and  re-establishing  a  galvanic  current  generated  by  a  l>at- 
tery.  The  wire  carrying  this  current  is  thus  made  to  operate  Morse  telegraphic 
registering  apparatus  placed  in  a  boat  or  on  shore. 

A  number  of  meters,  so  Hrranged,  can  be  attached  at  different  points  on  the 
same  pole  at  the  same  time,  and  thus  slniiiltaiieonii  obHervatlonci  of 
welocltles  at  different  depths  may  be  made  and  registered. 

Meiers  are  osnally  so  arranged  as  to  swing  freely  about  the  long  vertical  pole 
to  which  they  are  clamped,  and  are  provided  each  with  a  vaue  or  tail  similar  to 
that  of  a  windmill,  for  keeping  the  wheel  in  the  proper  position  as  regards  the 
eurrenu  The  wheels  are  generally  made  like  those  of  a  wiudmill;  t.  s.,  wiih 
blades  set  at  sach  an  angle  as  to  present  a  sloping  surface  to  the  current ;  and 

*8ee  Van  Nostrand's  Magazine,  March,  1878,  and  August,  1^ 
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with  the  ftxiB  of  the  wh«el  panllal  to  the  dinotloii  of  flow.  The  aids  rans  in 
■gate  bearings.  When  desired,  the  rim  of  the  wheel  it  furnished  with  an  air- 
enamber  which  Jiut  oounterbahnoes  the  weight  of  the  wheel,  and  thus  removes 
joornal  friction  due  to  it.  Meters  provided  with  electrical  registering  apparatus 
sometimes  hare  the  gearing  and  indices,  etc.,  enolosed  in  a  glass  case,  to  prerent 
them  from  becoming  cloiS^  ^7  weeds,  sediment,  etc 

A  w^lieel  meter  to  rmtcMl  hj  moving  it  at  a  known  velocity  through  still 
water,  and  noting  the  eflbct  produced.  In  this  waj  a  oo^eioit  is  obtained  for 
eadi  meter,  which,  when  multiplied  by  the  number  of  revolutions  recorded  in 
any  given  case,  gives  the  velocity  for  that  case. 

Bxx.  1.  Caife  Biiist  be  telLen  that  tbe  bottom  vel  to  not  so 
yreat  m  to  wear  »w«jr  tbe  soil*  If  ihere  is  any  sucb  danger  artificial 
means  musi  b«  applied  lo  protect  the  ehanniil-way ;  or  it  may  be  advisable  to 
reduce  the  rate  of  full,  aud  increase  the  croee  sect  ion  of  the  cbaDnel ;  so  an  to 
secure  the  same  disch,  but  with  less  veL  A  liiieral  increase  should  also  be  made 
in  the  dimensions  of  such  channels,  to  compensate  for  obstructions  to  the  flow, 
ariaiug  from  the  growth  of  aqnatle  plants,  or  deposito  of  mud  from  rain- 
vasbes,  etc;  or  even  from  very  strong  winds  blowing  against  the  current. 

Bek.  2.  Water  rannteff  in  a  cbannel  witb  a  kor laontal  bed, 
or  bottom,  cannot  bave  a  nniform  wel,  or  deptb,  tbronf^b- 
ont  its  eonrae;  because  the  action  of  gravity  due  to.the  inclined  plane  of  a 
sloping  bottom,  is  wanting  in  this  case ;  and  the  water  can  flow  only  by  forming 
itsnn^MS  into  an  Inclined  plane;  which  evidently  involves  a  diminution  of 
depth  at  every  sacoessive  dist  from  the  reservoir. 

For  theory  of  flow  in  long  pipes  and  channels,  mean  velocity,  distribu- 
tion of  velocity  in  cross  section,  Chezy  formula,  friction  factor,  exponential 
formulas,  see  pp  627,  etc 
For  Kntte^a  fformnla,  see  pp  528, 564,  eta 
Basin's  Formnla  for  Flow  in  Channels.    Annales  des  Fonts  et 

Chaosstes,  1897, 4e  trimestre,  p  4a 

In  the  Cheey  formula,  «  »  c  «Jr«  where;  (seep  628) 
V  =3  mean  velocity  ; 

,.  cross  section  area 

r  =s  mean  radius  = : — ; 

wet  perimeter     ' 
,  friction  head 

'  =  •""«  -       teogth       • 
M.  Bazin  considers  e  independent  of  the  slope,  and  gives : 

For  Bni^ltoh  measure.  For  metric  measure, 

87                                                                              87 
e  =    c  =  

0.582  +  -pr  1  +  ~ 

J  r  Jr 

where  y  has  the  following  values ;~ 
Very  smooth  surfaces,  cement,  planed  wood,  etc.,  y  si  o.06 
Smooth  surfaces,  boards,  brick,  cut  stone,  etc.,       y  »  0.16 
Ashlar  Masonry,  y  <»  0.46 

Earth,  very  smooth,  or  paved  with  dry  stone,         y  »  0.85 
Earth,  in  ordinary  condition,  y  =  1.30 

Earth,  very  rough,  y  =  1.75 

**  In  measuring  the  slope  of  a  large  river,  the  ordinary  errors  of  the  most  care- 
ful leveling  are  a  large  proportion  of  the  whole  full;  the  variation  of  level  in  the 
croM  section  of  the  surface  Is  often  as  grent  as  the  slope  for  ten  miles  orniore;  the 
exact  point  where  the  level  shouM  be  laken  Is  often  uticertain  :  the  rise  nnd  fall 
of  the  water  makes  it  extremely  difllcult  to  decide  when  the  levels  should  be  taken 
at  the  upper  nnd  lower  points ;  waves  of  translation  may  sffect  the  inclination  to 
a  great  and  uncertain  degree,  and  may  even  make  the  surface  slope  the  reverse 
way."    Genl.  T.  G.  Ellis,  Trans  Am  ISoc  Civ  Engrs.,  Aug  1877. 
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KBtter*s  FormnUu 

S«e  alM  p  628.    For  tbeory  of  flow  in  loug  pipes  and  chaanels,  see  p  i 
Ganguillet  and  Kutter  souglit  to  esUblish  a  formula  for  the  value  of  <;  in 
Chezj  formula : 

r  =»  c  JrT; 


where  v  = 
M  =»  slope 


mean  Telocity ; 
friction  head 


mean  radius  : 


vet  perimeter 


length 

The  earlier  hydraulicians  gave  (each  according  to  the  results  of  his  lOTestJ 
tlDus)  jtzed  iralnes  for  the  eoelTe,  (generallj  about  95  to  100  for  chaoi 
in  earth  or  gravel,  as  in  our  early  editions),  making  it.  In  other  words,  a  < 
ttant^  and  Independent  of  the  shape,  size,  slope  and  rougbnees  of  the  chani 
Etui  more  recent  investigators  have  shown  that  the  coefficient  e  is  affected 
lilrterences  in  any  of  these  particular!). 

According  to  the  formula  of  Ganguillet  and  Kutter  (generally  called,  for  c 
veiiience,  ^"Kniter's  formula"*)  the  value  of  c  is: 


For  EnffUitli  measaro. 

slope  w 


C     = 


V^meau  rad  In  Jeel 


1  + 


For  metric  i 


slope        n 
/„  .  .00165  \^ 

V'mean  rad  in  melr^ 


1  + 


Ttobles  fflTinv  Yaloes  of  c  for  diff  grades,  nean  radii  aod  degrea 
itHighness.  and  for  English  and  metric  measures,  are  giveu  on  pp  666,  etc. 

Here  n  is  a  **  coeflicteiit  of  roBarhncMi"  of  sides  of  channel  as  gi' 
b^low.  These  values  of  n  were  obtained  from  experience,  by  averaging  a  la 
number  of  experiments  made  under  very  different  circumstances.  They  thi 
fore  embrace  all  the  disturbing  effects  arising  Arom  obstructions  existing  u] 
the  bottom  and  sides  of  the  channel  in  the  cases  experimented  upon.  In  sn 
artificial  channels  of  uniform  cross  section  and  slope,  these  obstructions  maji 
mild  to  consist  entirelv  of  the  comparatively  minute  roughnesses  of  the  maU\ 
i>(  which  the  bed  of  tne  channel  consists.  But  In  rivers  and  earth  canals,  c 
where  tbe  aeneral  direction,  slope  and  cross  section  are  tolerably  uniform, 
they  were  in  the  cases  upon  which  our  list  Is  based),  there  are  still  many  c 
siderable  irregularities  in  tbe  sides  and  bottom ;  and  these  exert  a  much  grei 
retarding  effect  upon  the  mean  vel  than  the  mere  roughnen  of  the  material 
the  banks.  We  tnerefore  find  larser  values  given  for  n  in  such  cases  than 
dmall  regular  artificial  channels,  although  the  material  of  the  sides  etc  wai 
mjinv  cases  smooth  mud;  and  we  must  not  apply  to  such  comparatively  Irre 
lar  channels  the  small  values  of  n  obtained  by  experiments  with  small  and  ci 
fully  made  straight  flumes  of  uniform  section  and  slope,  even  If  we  suppose 
bottom  and  sides  of  the  former  to  be  made  as  smooth  as  those  of  the  latter. 

No  general  formula  is  applicable  to  cases  of  deelded  bends  Id  the  ooo 
of  a  natural  stream,  or  of  marlted  lrreirvil<^>*ttles  in  the  eroaa  m 
lion.  Such  cases  would  require  still  higher  coefficients  n  than  those  here  gi' 
for  rivers  and  canals :  but  they  would  have  to  be  ascertained  by  experiment 
('mch  case,  and  would  be  useless  for  other  cases.  For  such  streams  we  must  the 
fope  depend  upon  actual  measurements  of  the  velocity,  either  direct  or  by  me: 
of  thedisch. 

•  See  "  Flow  of  Water,"  translated  from  Ganguillet  and  Kutter,  by  Rudo 
Hering  and  John  C.  Trautwine,  Jr.,  New  York,  John  Wiley  4  Sons,  1889.  $4 
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There  is  much  room  for  the  exercise  of  Judgment  in  the  ■eleetlon  of  tlie 
»roper  eoelllcteiit  n  for  any  given  case,  even  where  the  cunditioo  of  the 
ebannel  is  veil  known.  It  maj  frequently  be  necessary  to  use  values  of  n  Inter- 
mediate between  those  given*  for  cureless  brickworlt  iiiav  be  rougher  tliau  well 
finiafaed  rubble;  side  slopes  in  ''very  firm  gravel "  may  have  very  dilf  degrees 
of  roughness;  etc  etc.  The  engineer  should  make  lists  of  ralues  of  n  from  his 
own  experience,  fully  noting  the  f^eculiarities  of  each  case,  and  calculating  n 
firom  the  tables. 

A  given  diff  in  the  deg  n  of  roushness  exerts  a  much  neater  effect  upon  the 
eoefieient  e,  and  thus  upon  the  velocity,  in  small  channels  than  in  larger  ones. 
It  is  therefore  especially  necessary  in  suiail  channels  that  care  be  exercised  in 
Hading  (by  experiment  if  necessary)  the  proper  value  of  n;  and,  where  a  large 
diseh  &  desired,  the  sides  of  small  channels  should  be  made  particularly  smooth. 

Tlible  of  M»  or  eoelHcleMt  of  ron^hneMu 

Id  aoyglTen  case  theralueof  n  Is  tlie  Mune  whetber  the  mean 
nUU«a  u  giveM  In  EnfrUsli,  metrle  or  mny  oitaer  measure. 

ArtUleial  oliannels  of  nnlform  croaa  aeetton. 

flUa  and  bottom  of  channel  lined  with  n  «> 

well  planed  timber .^..... • 009 

neat  cement    (applies  also  to  glased  pipes  and  very  smooth  iron  pipes).  .010 
plaster  of  1  measure  of  sand  to  8  of  cement ;    (or  smooth  iron  pipes).  .011 

anplaned  timber  (applies  also  to  ordinary  iron  pipes). 012 

ashlar  or  briokworkM...».......................M....M 018 

nibble -.^^^...^.^ ^ m « 017 

caiannela  snbjeet  to  Irresniarity  of  croaa  aectlon* 

Canals  in  very  Ann  gravel. w....  .020 

Canalaand  rivers  of  tolerably  uniform  cross  section,  slope  and  direction. 
In  moderately  good  order  and^  regimen,  and  free  from  stones  and 

waeda............... ■  ■ ^ 025 

having  stones  and  weeds  occasionally.................... 030 

in  baa  order  and  regimen,  overgrown  with  vegetation,  and  strewn 
with  stones  and  aetritus.................M«M«............«............... 085 

Mrt» 28.  Tbe IbUowlny tableaclTe Talnea of tbe eoefllelent 

0  9a  obtained  bv  Katter's  formula  for  diiTslopes  (S>  mean  radii  (R)  and  degrees 
•I  rough  neas  («).• 

Cantion*  Diflbrent  values  ote  most  be  nsed with  English  and  with  metrlo 
ibeasarea.    We  give  tables  for  both  measures. 

lat.  Having  the  slope  8,  the  mean  rad  R  and  the  deg  n  of  roughness;  to 
And  tbo  eoeflr  e.  Turn  to  the  division  of  the  table  corresponding  to  the 
given  slope  8.  In  the  first  column  find  the  given  mean  rad,  R.  In  the  same 
line  with  this  R,  and  under  the  given  n,  is  the  proper  value  of  c* 

IM.  Having  the  slope  S,  the  mean  rad  R  and  either  e  or  the  actual  or  reqd 
vel  v;  to  And  tbo  aetnal,  or  tbe  trreatest  permlMible,  dec  ■>  of 
"-—-««  of  channel.    If  the  vel  is  given,  and  not  c,  first  find 

_IL?^   y    ^  Turn  to  the  division  of  tbe  table  corresponding  to 

l/aiopex'  mean  raSTnTs 
the  given  S,  and  in  the  first  eol  find  the  given  R.    In  the  same  line  find  the 
valoe  given,  or  just  obtained,  for  «;  over  which  will  be  found  the  reqd  n.* 

S4*  Having  the  slope  8,  the  deg  n  of  roughness,  and  the  actual  or  required 
vel  v;  to  flna  tbe  aetnal  or  neeesMary  mean  rad,  R.  Assuine  a 
mean  rad;  and  fh>m  the  division  of  the  table  corresponding  to  the  given  S  take 
•ot  the  vuue  of  c  corresponding  to  the  given  n  and  the  assumed  R.    Then  say 

v'  a>  «  so  found  X  |/ assumed  mean  radius  X  slope 

*It  is  often  necessary  to  interpolate  values  of  S,  R,  n  and  e  Intermediate  ol 
those  in  the  tables ;  this  may  be  done  mentally  by  simple  proportion. 
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If  this  v'  is  the  same  as  the  riyen  tbI,  or  near  enough  to  ft,  take  the  asBomed  B 
as  the  proper  one.  Otherwise,  repeat  the  whole  process,  assaniing  a  new  B, 
grtater  than  the  former  one  if  r  is  leu  than  the  given  yel,  and  vice  vena,* 

4tb.  Having  the  dimensions  of  the  wetted  portion  {abeo Fig  G,  p  828, )  of 
the  channel,  the  degn  of  rougluiess,  and  the  actual  or  reqd  vel;  to  ttnd  tlM 
aetaal  or  neeeasary  slope,  S : 

«  j*v  J  n  area  of  wet  cross  section 

Find  the  mean  rad,  B  »  s -r — r r : j — —. 

'  length,  a 6 00,  of  wet  perimeter 

Assume  one  of  the  slopes  of  the  tables  to  he  the  proper  one.    From  the 

corresponding;  division  of  the  uble  take  out  the  value  of  e  corresponding  to  th« 
given  B  and  n. 

If  B  is  3.28  feet,  or  1  metre,  the  value  of  e  thus  found  is  the  proper  one  (b^i 
cause  then  c,  for  any  given  n,  remains  the  same  for  all  slopes) ;  and  the  alofM,  % 
may  be  found  at  once,  thus: 

\e  X  V^mean  ndlwf 

Bat  if  B  is  greater  or  leas  than  8.2S  feet,  or  1  metn,  nj 

v'  <■  e  thus  found  X  l/mean  radius  X  assumed  sh^ 

if  this  v'  is  near  enough  to  the  given  vel.  take  the  assumed  8  as  the  proper  ooa 
Otherwise,  assume  a  new  S,pTvater  than  the  former  one  if  v'  islesithan  the  given 
vel,  and  vice  vena;  and  repeat  the  whole  prooess.^ 

•  It  it  often  neoMsuT  to  tnterpoUte  Tslooior  8,  ■»  asad  o  lolmMdUteor  ttass  la  ths  WMas» 
ThU  nuij  be  done  nenullj  bj  simpto  proportioa. 


Tables  of  coefHeleiii  c, 

for  mean  radii  in/eel^  and  for  mean  radii  in  meten. 

Table  1;  for  mean  radii  In  FB£T. 

(For  table  with  mean  radii  in  meters^  see  pp  569,  570.) 
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rorstopen  vtevper  ttinii  .01  per  unit  of  length.  =  1  in  100,  LI 
fpci*nt  c  reiuainB  |>r»cticiiU|  ibtj  Aame  us  lit  tlittl  alope*  Tbe  velocUp,  hu* 
beitij?  =t  c  X  Vnieao  radltuX  Ji«>p4r.  contlnuea  to  lucre  tie  aa  tho  ilope  b« 
■temper. 

Ta  •wnstrlirl  n  dlni^raiil*  flff  30  A.  from  which  tbc  Tli1lt«s  «1 
hv  Katter'a  ronnuln  mny  be  laken  by  inspection 

*|>raxr  rz  i^jr.  arni  r^nv  (nmi  'l  to  4  ft  IfKiij;  ttid  oy  vrrt  nt  ftiiy  |K>lnt  o  ^ 
nay  tbi"  uiiddle  tliinl  of  rr.  On  ojf  \ar  olF,  hh  shown  on  lht>  (("fi,  itie  rmhit 
for  which  iho  dlatiram  will  probably  hP  imw!.  If  a  frcmln  of  .O^^lnfK*^ 
in*»tre,  per  nnll  af  c  he  uietl,  lujd  he  itinde  lo  Include  c  —  250  fur  EnKJish 
un,  ««r  15*)  for  metric  tneasnrp.  op  wMi  he  »boui  1  ff  luna.  For  the u 
clemrne**  wo  »how  nn\v  Ihp  laffjer  diTlslnnu  in  tbls  and  In  what  fiillow*. 

Oil  Of  lay  off,  fts  shown  on  ila  upper  side,  the  .Tflii«ri*f  rw-l#  of  nil  Ihp  vnh 
the  inoin  rud  R  foT  which  Hie  tJtaijrini  h  lo  br^  us^d,  Om"*  hich  prr  ft, 
nieiro  per  mftre,  of  »q  r1,  in  a  canveni«»nt  arnle.  Afart  ihf  dividing  piAnti 
tb e  respw ti v*r  v a hie«  of  xhemetmrodii  t/tfm*etvfji. 

HfttlDff  decided  ujiOD  ihe/ai/«*  »lop«  10  ho  embraced  Sn  ibe  dSiigrtim,  »; 
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day  ^ — Mom 


90r\ 


«r  =  28  + 


.00165 


for  metric  measure. 


flattest  slope  per  unit  of  lengtli 
r  each  value  of  n  to  be  embraced  In  the  diagram,  say 

y  —  w  =  -^ — (English)  or  j/  —  «?  = (metric). 

^o  each  value  of  tr  —  ir^  add  w,  thus  obtaining:  values  of  y.  We 
:e  .000026  per  unit  of  length  as  the  flattest  slope,  and  .01,  .02,  .08 
I  .04  for  n.     Hence  (using  English  measure) 

«^  =  41.«  +  7^^^^  =  -*!.«  +  112  =  163.6. 


.000025 
1.811  1.811  1.811 1.811 


.01  •  ,m  •  .08  •  .04 


;=181.1,  90.5,  60.4,  45.8  pespectlvely. 
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And        y  — 181.1  +  153.8,       90^  +  153.6,       60.4  +  10&6     an4     45.8  +  15&€; 

or  834.7, 244.1, 214.0  and  198.9  respectively.  Lay  off  these  Talues  of  y  on  oy  in 
pencil,  M  at  y,  y',  y",  and  y%  using  the  scale  alreadj  laid  off  for  e  on  oy. 

From  each  point,  y,  y'  etc,  draw  a  hor  pencil  line  yt,  ^f  etc,  and  mark  on  it, 
in  pencil,  the  value  of  n  used  in  determining  its  height  oy  etc. 

Next  saj  s  —  1IF  X  greaUU  value  of  n.  Make  ox  *-  x  by  the  scale  of  sg  ft*  of  B 
on  Ofl.  In  our  case  oz  —  153.6  X  '04  —  6.144  by  ibescaleuf  «f  r(«  of  B,  or  —  6.14f> 
*  87.75  by  the  scale  of  R. 

Divide  o*  into  as  many  equal  spaces  (4  in  our  case)  as  .01  is  contained  in 
greatest  n.    Mark  the  dividing  pointH  with  the  values  of  «.  as  in  our  Fig. 

From  each  dividing  mark  on  ox  erect  a  perpendicular,  {xf"  etc)  in  pencil,  to 
cut  that  hor  line  isr'^"  ^^0  which  corresponds  to  the  same  value  of  n.  The 
intersections  are  points  in  a  hyperbola.  Join  them  by  straight  lines  f " r",  f*f, 
fletc. 

From  r  in  os  (corresponding  to  a  mean  nid  of  8.28  fr,  or  1  metre)  draw  radial 
lilies,  rt,rff  rr  etc.  Mark  them  ** n  —  .01  ",**»  —  .02 "  etc,  the  same  aa  their 
corresponding  lines  yt,  y^t'  etc. 

For  each  slope  (S)  to  be  used  in  the  diagram  (except  the  flattest,  for  which 
this  has  already  been  done)  say 

x*, «"  etc  —  (41.6  +  '^  )  X  ffreatettn,    for  English  i 
«', «"  etc  —  ^28  +  '^j^\  X  grtatedn,    for  metric  measure. 
Thus,  our  slopes  are  »  .000025,  .00005,  .0001  and  .01  per  unit  of  length.    Henoe^ 

«^'-  (41.6  +  ■^)  X  .04  -  1.675. 

Lay  off  each  value  of  tcf,  tcf'  etc  from  oy  on  a  separate  hor  pencil  line  e's^  etc, 
using  the  scale  of  sq  ris  of  R  as  on  os. 

Mark  each  line  (Z:^  etc  in  pencil  with  the  dope  used  in  fixing  its  length. 

Divide  each  dist  o'x' etc  Into  the  same  number  of  equal  parts  as  oje.  From 
the  dividingpoints(whicli,  like  those  of  ox,  represent  tiie  values  of  »)  erect  perps 
to  cut  I  lie  radial  lines  rf",  rtf*  etc,  each  perp  cutting  that  radial  line  which  cor- 
responds to  the  value  of  n  represented  by  the  point  at  the  foot  of  the  perp.  The 
intersections  corresponding  to  each  line  o'x'  etc  form  a  hvperbollo  curve.  Hark 
each  curve  with  the  slope  of  its  correspondinit  line,  ox,  o'x^  etc. 

The  drawing  is  now  in  the  shape  proposed  by  Mess  Ganguil let  and  Kutter,  and 
is  ready  for  use  in  finding  either  e,  n,  R  or  8  when  the  other  three  are  given. 
Thus: 

Isi.  Having  R,  S  and  »,  to  llnd  e.  For  example  let  R  —  20  ft,  S  —  .OOOOR, 
n  —  .03.  From  the  intersection  d  of  slope  curve  .00005  and  radial  line  »  —  .08, 
draw*  (1-20  to  the  point  (20)  in  os  corresponding  to  the  given  B.  At  «,  where 
(i-20  cuts  oy,  is  the  reqd  c,  —  96  In  tills  case. 

2d.  Hnving  R,  S  and  0,  to  And  n.  For  examnle  lei  R  —  20  fr,  S  «>  .00009, 
c  =>  96.  Til  rough  the  points  R  =>  20  in  os,  and  c  «  M  in  oy^  draw  *  d-20  to  cut 
curve  .00005.  n  (=»  .03)  is  found  by  means  of  the  radial  lines  nearest  to  the  in- 
tersection, d. 

Sd.  Having  S,  n  and  e,  to  llnd  R.  For  example  let  S  «-  .OOOOS, »  ->  .03, 
e  =■  96.  Find  curve  .00005  and  radial  line  »  s.  .08.  From  their  intersection  d 
draw  <f-20  throngh  the  point  0 showing  e  »  96.  lu  intersection  with  da  shows 
the  reqd  R,  20  in  this  case. 

*  Instead  of  drawing  th«M  linM,  ve  iiiat  um  a  floe  blaek  ihrskd  vlth  «  loop  at  eno  Mid.  Diirc  a 
ttMdio  oitbor  iQto  ODO  of  tb«  points  R  or  Into  oo«  of  the  1aten«oUon#.  d  *te.  Slip  the  loop  orer  tho 
BMdIo.  Tho  oili«r  Mwl  or  the  ihrsad  l«  bold  betwoen  the  flnirer*.  and  I  ho  thread  U  nado  loeni  Um 
other  poinU  u  reqd.  The  dlafram  ebonld  He  perflMtly  (let.  aod  the  etrlag  be  drawn  t*"  ' 
ecrratioo,  in  order  that  friction  between  ■trins  and  paper  may  aolpreTCBt  theetr' 
airalgbt  line.  Or  the  free  end  of  the  Ktrlng  majr  reat  on  a  pamphlet  or  other  o^feei  1 
*f  fc— P  the  etriBBelinr  of  the  diagram.    Spaebl  «are  mtui  then  ha  takaa  Is  havi 
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rb«    HAviog  R,  c  and  n,  to  flnd  S.    For  example  let  B  —  20  ft,  e  —  96, 

U»8w    Through  R  —  20  and  e  —  96  draw  tf-20.    8  (.00009)  is  found  br  means 

lie  Carres  uearest  to  the  point  d  of  Intersection  of  d-20  with  radial  line 

.03. 

le  foUowing  addition  U>  Kutter's  diagram,  proposed  bjMr  Rudolph  Hering, 

I  and  Sanitarj  Engineer,  New  York,*  enables  oi  to  read  the  Telocit  j 
OB  tk«  dlaffraBi. 

nd  the  sq  rt  of  the  reciprocal  of  each  slope  to  be  embraced  in  the  diagram 

A—. .,    -  . — -ri.    Lay  off  these  sq  rta  on  the  right  of  oy,  using 

i  slope  per  ouit  of  length  '  ^  ©  #f         © 

scale  of  e  already  laid  oa  on  its  left    In  our  fig  we  have  so  proportioned  the 

scales  that  — zn— z=— ■  —  —7"*    ^^^  '**•  dividing  points  wltli  the  dopu 

1/recip  of  S        * 
uKUofknglh. 

II  on  lay  off  the  vels  to  be  embraced  in  the  diagram,  using  the  scale  of  sq  rts 

I  already  la'.d  off  on  0*,  and  making  — -  —  — 

l/E      1/recip  of  8 

It.  HarlnfT  R,  8  and  n ;  to  Ited  ▼•  For  example  let  R  —  20  ft,  8  '^  .00006. 
.03.  From  R  —  20  draw  d-TQ  to  the  intersection  d  of  curve  .00005  with  radial 
n—  .03.    <f-20  cuts  oy  at  0,  wbero  0  — 96.    With  a  parallel  ruler  Join  R 

0  with  8  — .00005  uuoy.  Draw  a  parallel  line  through  c  —  96.  Itcutaosst 
;lTing  the  reqd  vel,  3.03  ft  per  sec. 

d.  Having  R,  8  and  v;  to  flnd  ■•  For  example  let  R  —  20  ft,  8  —  .00006, 
3j08  ft  per  sec.  With  a  parallel  ruler  join  R  —  20  and  slope  .00005  on  oy. 
w  a  parallel  line  through  v  —  3.03.  It  cuts  oy  at  0,  where  c  —  96.  Through 
-  20  aud  c  —  96, draw  <t-20  to  cut  curve  .00005.  The  point  dof  intersection, 
]g  on  radial  line  n  —  .03,  shows  .03  to  be  the  proper  value  of  n. 
ny  line  drawn  to  the  curves  from  R  —  8.28  ft  or  1  metre,  is  one  of  the  radial 
!8  used  in  making  the  diagram.  It  therefore  necessarily  cuts  all  the  slope 
vee  at  points  sliowing  the  same  ralue  of  n. 

d.  Having  8,  n  and  v;  to  llnd  R.  For  example,  let  8  —  .00005,  n  i-  .03. 
3.03  ft  per  sec.  Auvme  a  value  of  R,  say  10  ft.  Find  curve  .00005  and  radial 
in  —  .03.  Join  their  intersection  d  with  R  — 10  ft.  The  connecting  line  cuts 
it  0  —  82.  With  a  parallel  ruler  join  c  —  82  witli  v  —  8.a3.  Draw  a  parallel 
)  through  slope  —  .00006  on  oy.    It  cuts  oar  at  R  —  27.3,  showing  that  a  new 

1  is  necessary,  and  with  an  assumed  R  greater  than  10  fr. 

'  R  thus  found  is  the  same  as  the  assumed  one,  the  latter  is  correct.  If  they 
nearly  equal,  their  mean  may  be  taken. 

til.  HaTing  R,  n  and  v ;  to  llnd  S.  For  example,  let  R  —  20  ft,  n  —  .08, 
3.03  ft  per  sec.  Auwne  a  slope  (say  .0001).  Find  its  curve,  and  radial  line 
•  .03.  Join  their  intersection  with  R  —  20.  and  note  the  value  (89)  of  0  when 
connecting  line  eiits  oy.  With  a  parallel  ruler  Join  0  —  89  with  v  —  3.08. 
iw  a  parallel  line  through  R  —  20.  It  cuts  oy  at  slope  .000058,  showing  that 
ew  trial  is'necessary,  and  with  an  assumed  SjlaUer  than  .0001.  If  R  is  3.28 
>r  1  metre,  the  diagram  gives  the  correct  8  at  the  first  trial,  no  matter  what 
as  assumed  at  starting.  With  any  other  R,  if  the  diagram  gives  the  same  8 
hat  assumed,  the  latter  is  correct.  If  the  two  differ  but  slightly,  we  may  take 
ir  mean. 

•  TraaaMOons  of  Um  Aaarlou  8oel«tj  of  CItII  BDffIo««n,  Jaavary  IfTI. 
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VELoorriEs  in  sewers. 


Table  of  Tela  in  €ircalar  Briek  Sew«vs  when  raniiiiiK  ftdl,  by 
Kutter'8  formula,  but  taking  n  at  .015  instead  of  his  .OiS,  in  oonridenHaa 

of  the  rough  character  of  sewer  brickwork  generally. 

Wlien  ranaiair  omlj  liiair  ftiU  the  vel  will  be  the  same  as  when  ftill, 
but  this  is  not  the  case  at  any  other  depth  whether  greater  or  less.  At  greater 
ones  it  increases  until  the  depth  equals  very  nearly  .9  of  the  dlam,  when  it  Is 
about  10  per  cent  greater  than  when  either  full  or  half  full.  From  depth  of  J  of 
the  diam  the  vel  decreases  whether  the  depth  becomes  greater  or  less.  At  depth 
of  .25  diam  the  vel  is  about  .78  of  that  when  full ;  and  then  diminishes  much 
more  rapidly  fbr  less  depths.    All  this  applies  also  to  pipes. 

The  vel  for  any  fisU  or  diam  intermediate  of  those  in  the  tahlooan  be  Ibund  bf 
rimple  proportion.  OrlgiiiaL 


!^ 

, 

Mnsetoi 

Fstefbet. 

STR 

i^.. 

2 

S 

4 

1  • 

S 

U 

M 

M 

i£r«. 

YelMlllee  la  ftat  »or  s 

,mm4. 

.1 

.19 

.27 

.85 

.50 

.64 

.88 

1.10 

1.84 

jOOU 

.2 

.80 

.42 

.58 

.74 

.93 

1.26 

1.56 

1^ 

.4 

.46 

.66 

.80 

1.06 

1.89 

1.81 

2.20 

2J0 

J08M 

.6 

.69 

.81 

1.00 

1.85 

1.70 

2.22 

2.70 

8.18 

.0114 

.8 

.09 

J96 

1.17 

1J57 

1.94 

2.56 

8.08 

8.60 

MSi 

1.0 

.79 

1.07 

1.82 

1.77 

Z16 

2.84 

8.48 

8J6 

.0189 

1.25 

.89 

1.21 

1.49 

1.98 

2.42 

8.17 

8.8 

4.5 

jun 

IJJO 

M 

1.88 

1.64 

2.18 

2.64 

M 

4.2 

4J 

MU 

1.75 

1.06 

1.44 

1.78 

2.84 

8J5 

8.8 

43 

5i( 

jam 

2.0 

1.16 

1JS6 

1.91 

2J» 

8.1 

4.0 

4^ 

5.6 

Mn 

1L5 

L32 

1.78 

«.18 

2.85 

a5 

4.5 

5.4 

6.8 

Mlt 

8.0 

1.44 

1.94 

2.88 

8.2 

8.8 

6.0 

6i> 

6J 

.0668 

&5 

L68 

2.10 

2JS8 

8.4 

4.1 

6.8 

6.5 

7.4 

.0662 

4. 

1.68 

2.2 

2.7 

8.6 

4.4 

5.7 

6.9 

73 

.0758 

5. 

1.90 

2J5 

8.1 

4.1 

4.9 

6.8 

7.6 

8.7 

.0017 

«. 

2.06 

2.7 

8.8 

4.4 

5.4 

6.9 

8.8 

9.6 

.1186 

7. 

2.2 

8.0 

8.6 

4.8 

5.8 

7.5 

9.0 

10.4 

.1825 

8. 

2.4 

8.2 

8.8 

5.1 

6.2 

8.0 

9.7 

11.1 

.1614 

9. 

2.5 

8.4 

4.1 

5.4 

6.6 

8.5 

lOJ 

IIJ 

.1708 

10. 

2.7 

8j6 

4.8 

5.7 

6.9 

9.0 

10J8 

12J( 

.18M 

12. 

2.9 

8.9 

4.8 

6.8 

7.6 

9^ 

11.9 

18.6 

.2278 

10. 

8.8 

4.4 

5.4 

7.1 

&5 

11.0 

18.8 

1&8 

JB41 

18. 

8.6 

4.8 

5.9 

7.7 

9J) 

12.1 

14.5 

16.7 

JMQ9 

21. 

3.9 

6.1 

6.8 

8.4 

10.0 

18.0 

16.7 

VS 

Mn 

24. 

4.2 

6.5 

6.8 

8.9 

10.8 

13.9 

16.8 

19.2 

.4546 

27. 

4.5 

6.9 

7.2 

9.5 

11.4 

14.8 

17.9 

20.4 

.5168 

80. 

4.7 

6.2 

7JJ 

9Jd 

12.0 

16.6 

18.8 

21.5 

MO 

85. 

6.0 

6.7 

8.2 

10.8 

lao 

16w8 

2a4 

28J 

jBea 

40. 

5.4 

7.1 

8.7 

11.5 

18.9 

18.0 

21.7 

24J 

.7571 

45. 

5.6 

7.5 

8.2 

12.2 

14.8 

19.1 

2&0 

26.8 

.8628 

60. 

5.9 

8.0 

9.7 

12.8 

15.5 

20.1 

24J 

27.7 

J9470 

60. 

6.5 

8.7 

10.7 

14.1 

17.0 

22.1 

26J5 

80.8 

ua6 

70. 

7.0 

9.4 

11J5 

15.2 

18.4 

28i» 

28.5 

tt.8 

1.828 

80. 

7.4 

10.1 

12.8 

16.2 

19.7 

26.5 

81.0 

85.0 

1.615 

90. 

7.9 

10.7 

18.1 

17.2 

20.9 

27.0 

82.8 

87.1 

1.706 

100. 

8.4 

11.8 

18.8 

18.2 

22.0 

nJi 

84.1 

89.1 

1.894 

A  ▼•!  of  10  ft  p«r  see  —  600  ft  per  minute  »  86000  ft,  or  6.818  miles 
hour.    About  5  ft  per  sec  is  as  great  as  can  be  adopted  in  practice  to  prerent  i 
lower  parts  of  the  sewers  from  wearing  away  too  rapidly  by  the  debris  carried 
along  by  the  water. 


S^ 
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Art,  8S.   Tk«  m«e  mt  wMcli  nOn  wster 

«nlTcrt,   etc.     BorlUi-Zlc^ler    F^ramlA.     See   '^Europeui   t^Qwerage 
Sjatems,"  by  Badolph  Hering,  C.  E.,  lu  TraxUL  Am.  Soc.  G.  £.,  Nor.  1881. 

^^'S*^'  A  ooef  At.  cub.  ft.  of  nintall       4  /A  v.  slope  of  ground 

!«^^£:h    —   acoordiug    X  per  •e«#»4  par  acre,  X -%/*'»  feet  perlOOOJt. 
^iJSf^r'       to  judgment         during  heeviwt  faU.         \N^or^r«e  drained 

Coeflicient,  for  paved  streets,  0.75;  for  ordinarj  cases,  0.625;  for  suburbs 
with  gardens,  lavns,  and  macadamised  streeU,  0.31. 


Note  that  1  Inch  of  rainfall  per  hour  may  be  Ukeu  as  equivalent  to  1  cubic  foot 
sracre.    See  Ck>n  version  Tabfes,         ~"    ' 

jpl«-    If  an  area  of  SlOO  acres  (  „ 

slope  of  5  leet  per  1000  feet,  receives  a  maximum  rainfall  of  S  inches  per  hour, 


per  second  per  acre. 
pie.   If 


See  Ck>n  version  Tables,  pp.  285,  etc.' 

t  (nearly  6  square  mtlcs),  with  an  average 


then,  assuming  a  coefficient  of  0.5,  the  rate  at  which  the  water  would  reach  the 
mouth  of  a  sewer  at  tl^^wer  end  of  the  8100  acres  would  be 


^rnhr* 


as  X  S  X  0L208  «-  0.800  cablo  feet  per  seoond  per  acre; 


A5XSX 

or  0.305  X  8100  =>  945.5  cubic  feet  pet  second,  total. 

Let  tbe  grade  of  the  intended  sewer  be  say  4  feet  per  mile;  and,  to  avoid 
excamlve  wear  of  its  brickwork  by  debris  swept  along  by  the  water,  let  iu 
velocity  be  limited  to  8.8  feet  per  seoond,  which  may  be  permitted  on  occasions 
as  rare  as  rains  of  8  inches  per  noor,  although,  for  tolerab^  constant  flow,  where 


i 


Uable  to  debris,  it  should  not  exceed  alwut  5  feet  per  second. 
Find,  la  table  opposite,  the  diameter,  14  ft.,  oorrespondini 


as  nearly  as  may 


be,  to  a  rdocity  of  6.3,  and  to  a  grade  of  4  feet  per  mile.  The  area  is  154 
nnare  feet.  Hence,  154  X  6.3  =>  970  cable  feet  per  seoond  =  capacity  of  sewer. 
*»>  allow  for  deposits  in  the  sewer,  mske  the  diameter  say  14.5  or  15  feet 

T»bl«  of  least  weloetUes  and  grradea  tor  dratn-plpea  and 
■e^rers  in  ettlea,  in  order  that  they  mav  under  ordinary  circumstances  keep 
themselves  clean,  or  free  fh>m  deposits,    (wicksteed.) 


Grada. 

Grade. 

DUn. 

Vel.  In  ft. 

Orads, 

FMtper 

Diam. 

Tal.Un. 

OnO*. 

Peet  par 

ta  laohOT. 

p«rMln. 

lia 

Mllal 

!n  Inetasi. 

per  Min. 

llD 

Mila. 

Me 

M 

146.T 

18 

180 

294 

18.0 

no 

66 

81.9 

91 

180 

S4S 

16.4 

no 

76 

69.6 

94 

180 

392 

18.6 

no 

87 

60.7 

90 

180 

490 

10.8 

no 

96 

6U 

96 

180 

688 

9.0 

10 

210 

119 

44.4 

43 

180 

686 

7.7 

11 

too 

146 

96.7 

46 

180 

784 

6.8 

19 

190 

176 

96.9 

64 

180 

882 

6.0 

15 

100 

944 

11.6 

60 

180 

980 

6.4 

ITeiipkt  per  foot  run  of  vlaaed  terra  eotta  pipes  for  drains,  eta: 

Srteea  per  foot  run  adopted  oy  the  United  Sewer  Pipe  Makers  of  the  United 
ates,  March,  1887.    For  discounts,  see  Price  List. 


Drain  pipe,  with  socket  joint 

Sewer  pipe,  with  sleeve  Joint 

Bote 

Wt 

Price 

Bore 

Wt 

Price 

Bore 

Wt 

Price 

Bore 

Wt 

Price 

ins 
2 
8 

4 
5 

lbs 

4 

7 

10 
12 

8 
0.14 

ai6 
0.20 

0.25 

ins 
6 
8 
10 
12 

lbs 
18 
22 
80 
88 

S 

0.30 
0.45 
0.65 
0.85 

ins 
15 
18 
21 
24 

lbs 
45 
65 
89 

loe 

8 

1.25 
1.70 
2.50 
8.25 

ins 
80 
86 
42 
48 

lbs 
150 
195 
208 
230 

1 

5.60 
7.00 
8.60 
10.60 

The  joints  are  filled  with  eeraent  mortar;  or.  when  used  for  drainage  only, 
with  clay.  Drain  pipes  (8 to  12  inshore)  are  about  |  inch  thick.  A  oendor 
branch  costs  about  as  much  as  from  8  to  6  feet  of  pipe.  The  484nch  pipes  are 
about  2  ins  thick. 

Agrt.  24.  WHen  tli«  warem  of  ctwm  section  of  eliannel  to  re- 
duced at  any  point,  as  by  a  dam  (Fig  83,  p.  576)  or  by  narrowing  it,  either 
at  its  sides  (Fig  82)  or  by  placing  in  it  a  pier  etc.  Fig  84 ;  a  portion  at  least  of 
the  force  of  grav  (which  would  otherwise  be  giving  v^  to  the  water  up-stream 
trma  the  point  where  the  obstruction  Ukes  place),  causes  orMturs  against  the 
dam  ete.    This  pres  maintains  the  upstream  water  at  a  higher  level  than  it 
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wonM  otberwiM  have.  Said  water  is  then  pnustically  in  a  raoerroir;  f  a.  It  baa 
leM  Tel  aud  greater  pros  .than  before.  If  the  reaenroir  haa  no  ouUet,  there  ia  m 
▼el ;  and  aU  of  the  head,  or  force  of  grvr*  acting  on  the  water  ia  expended  inpm. 

But  if  there  is  an  outlet,  as  over  the  dam,  or  between  the  piera  etc,  a  portion 
CO,  Figs  81. 38,  84,  of  this  pres  or  head,  ie  expended  in  giying  vel  (or  an  aooelera' 
tioo  of  vel)  to  the  water  escaping  bf  that  outlet;  alter  which  onljao  much 
head  (in  the  shape  of  surface  slope)  is  needed  as  will  overcome  the  reaiatances 
of  the  channel  down-siream  from  the  obstruction,  and  so  maintaim  tmifbrm  VUt 
vel  ffiven  to  tho  water  by  the  head  eo. 

Where  a  large  canal,  such  as  those  intended  for  navigation,  is  fed  (h>m  a  reaer* 
voir,  the  fall  eo  in  fbet  is  approximate! j 

M  mean  velocity*  in  canal,  in  feet  per  second,  X  •017 ; 

and  in  smaller  canala,  such  as  mill  conrsesi 

■■  mean  velocity*  in  canal,  in  fset  per  aeeond,  X  JBL 

The  abraptnesa  of  the  fall  may  be  diminiahed  by  rounding  off  or  aioDlng  the 
edges  of  the  piers,  or  the  corners  at  the  sides  of  the  channel  (Fig  82)  or  the 
approach  to  the  dam 


Fig  88  is  a  cross  section  of  €!««*■  ^btvi,  acrota  Cape  Fear  Biver,  K.  C  It 
is  from  measurements  made  by  Ellwood  Morris,  G  E:  by  whom  they  were  ooni* 
mnnicatedto  the  writer.  The  dam  is  of  wooden  crlbwork ;  and  ita  level  ereal, 
8  ft  5  Ins  wide,  ia  covered  with  plank ;  along  which  the  water  glkleain  a  aaaootl-. 
sheet,  6  ins  doefk  (at  the  time  of  measurement).    At  the  upper«ndof  tli^ 

aheet,  and  in  a  dlst  of  about  2  ft,  a  head  «o  of  9  ins  lorma  itaelf;  aa  in  the  ft^ 


K^31 


TiiSh 


Cawa 
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In  a  obannel  of  nniform  Aod  oonttant  alape  and  croM 

MctioB,  the  vel  of  the  parUdet  of  water  immediatelT  adjoining  tba  bottom  and 
aides  is  Tery  slight;  and  but  JitUe  loourinK  takes  place.  But  when  irregulsr- 
Ities  In  the  slope  or  cross  section  occur,  as  iu  the  last  article,  the  scour  is  great] j 
increased  In  their  immediate  neighbornood. 

The  erection  of  one  or  two  piers  in  a  quite  large  atream.  will  frequently  pro- 
duce an  almost  incredible  amount  of  scour,  if  the  bottom  is  at  sll  of  a  yielding 
Dstare.  The  greatest  aooor  of  eourw  takes  place  during  flreaheta ;  aud  near  the 
obatrretiou. 

ScsHirlaar  aetl«n  Is  ■■ppoacd  to  be  as  aqiiiare  of  toL 


i^hadf  «-< 


J,  ft  Tri  «r  8  mUm  •■  bear  win  not  dermai*  qMrry  nibM«  f  toi 
■««Wk.  Saporitcd  ftronad  pl«ra,  *o ;  esoept  bj  vMhlof  tbo  toll  trom  under 
1  Imtih  per  M€.  =  ft  ft  per  mln.  =  .(BSBIS  of  a  ^ilc,  «r  800  ft  per  hoar. 
I(loo»perMe,  =  aSftper  mis.  =:  .«8I81«  of  a  mile,  or  3S0O  ft  per  boar. 


Vo  replace  iaclios  per  sec,  to  feet  per  mlnate,  multiply  by  6. 

»•  ••  •<  M  4«  <•  M  •<       toBT,  **  *•     Nft 

"       "       to  milei  per  boor,  diride  by  17.S. 
Om  adia  pv  hoar  =  88  ft  per  mln  =  l.MtT  n,  orlT.eiBi  per  MO. 

Tlw  two  fellowini 


i 

i 


^llowlnar  tablos  ars  (with  many  corractions)  from  Nicholson^s 
ul  ba  lodnd  apea  merelr  m  probable  aoproxiaMUmu.    Tbej "      "  — 


.       Mreiri 

Aa,  «•  be  pnverlj  renndad  or  pelated  al  cb^r  apetraam  eads,  eo  a*  to  gtrfl 

Ala  to  tSa  water.    B^  lajafbat  If  tbey  are  aqaare-eadad,  Uio  head  wiU  be  I 

n«  eoblaet  la  aa  extreiMy  tq^rloala  oae,  and  admlu  of  no  preoiae  elation.    If 

aeevra  away  Iho  Koclom  antil  tfc«  a>aa  of  mier-waj  beoomee  as  great  a*  It  orlfloally  wae,  tbe  bead 
dleappeara ;  aad  the  rel  aJeo  beeomee  rednoed  te  Itt  erlftnal  rata.    Thli  ia  oonaion  In  aoft  botleaM. 

TABUB 


>ns)  from  Nichol8on*8  J 

Tbey  enppoae  the  ptara^  m 

» aa  fk-ee  a  pawaae  as  pea-  ■ 

iBoraaaed  abont  60  per  eC  m 

Ion.    If  tbe  Inereaaed  ret  ^ 

i  orietnallT  waa.  tbe  bead  ^ 


or  lioMto  prodneed  by  obstrnetioiis  to  stv 


OrUMBl  TeL 
af  Bfrfm  • 


i 
s 

4  ... 

5  bL41 
S   4^ 


KladoT 
wbleb  bagiaata 
wear  away  eador 
Bettam  TeLeqaal 
totbeeela  tba 
Irat  tbrea  eola. 


Olay. 


PlPoportioii  of  Ana  of  original  Water-way, 
ooGupied  by  the  Obetniotions. 

AiAiii  ti  ji  H  H  n  » 


Head  of  Water  prodnoed  at  the  Obftrnotieni  i  in 
Feet 


.one 

.0004 

.0004 

jooe 

.001 

.0014 

.0088 

41087 

.0011 

w0014 

.0017 

.000 

Mh 

.0068 

.0188 

.0167 

.OOIS 

.0068 

.0088 

.0081 

.016 

.OSSl 

.0688 

.1008 

.eiss 

jOW 

.0884 

.000 

.0884 

.8188 

.4878 

.0408 

.0507 

.08X1 

.0818 

.186 

.3079 

.4788 

.8811 

.mn 

.0008 

.1104 

.1468 

.140 

J8B8 

.8418 

1.710 

.11S7 

.1410 

.17» 

.n7!V 

.876 

.6776 

1.S80 

1.671 

.1S» 

.M08 

.8484 

.3276 

.640 

.8818 

1.816 

8.846 

.tfW 

M» 

.8801 

.8100 

1.50 

S.S10 

6.880 

10.08 

1.086 
1.818 

4.144 
8.4T6 
8J04 
16.9 


TAB1.K 


Ime8*e8Med  TOlocittes  prodaood  obt  aaid  bj 


_  _  SBdod,  or  potnted  obstnietl08Ba.   If  square,  these  Tels  must, 
ing  to  MIoholson,  be  increased  ^  part. 
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ort-ilt 

A"!*'  1  *   1   *    li   1   *   1    i   1    f   1    f 

Parlaeu 

par 

Bear. 

iBi. 

Ft. 

Mlea. 

8 

^ 

.170 

.» 

.18 

JO 

M 

J6 

J84 

.68 

.7 

i.oe 

S 

.841 

M 

.66 

.00 

.04 

.70 

.788 

1.06 

1.4 

1.1 

18 

JBl 

l.U 

1.18 

1.10 

1.98 

1.40 

1.68 

1.1 

8.8 

4.8 

9« 

1.88 

8.1T 

1.88 

1.40 

831 

1.00 

8.18 

4.1 

6.8 

a4 

88 

104 

SJS 

8.48 

8J0 

8.78 

4.10 

4.74 

8.8 

8.4 

11.S 

48 

1.78 

4.66 

4.88 

*M 

6.04 

6.00 

8.81 

a4 

11.8 

las 

00 

a4i 

S^ 

6^ 

8.00 

8.40 

7.00 

7.88 

10.6 

14.0 

814) 

11 

4j8S 

S.1S 

SJS 

7.10 

7.AS 

8.40 

8.48 

11.8 

18J 

16.1 

m 

10 

S.S1 

11.8 

U4 

11.0 

11.8 

li.O 

16.8 

11.0 

8841 

41.0 

a  A  eary  leaaa  Hptamlaa.  Daea  It  tafw  le  tha 
eal  af  the  astiia  ei  tee  itatltat 
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The  recistmnee  of  wafer  anlBst  a  flat  sorffiMe  ■ 

I  D€«rl7  as  the  squares  of  the  vd ; 


Ari.2«.  

Inar  ilironjrh  it  at  rinrlit  Anir1«s*  is  I  ^ 

according  to  Button,  its  amount  in  tts  per  sq  ft  approx  =>  Square  of  vel  in  f 
see.    Or  like  the  pres  of  a  rnnniiia'  stream  against  a  perp  fixec 
>1  of  water  whoM  baae=  pw ed  Muf,  aad  vkoM  ht^^kaad  due  to  tfeo 


•arfkoe,  it  !•=:  wt  of  a  ool  o 


Tho  n«l«t  of  %  tphorc  la  to  that  of  iu  gteai  oiralo  aboat  a*  1  to  2.9. 

When  th«  moTioK  turf,  tnatead  of  beiag  at  riaht  angles  to  the  direction  In  which  it  norea 
anothw  angle  with  tt.  the  retletanee  beeomea  wn  In  aboot  the  following  prepertlotte.  Tber 
when  the  turf  la  Inclined,  flrat  ealealate  the  realetanoe  as  if  at  right  angiee ;  and  than  Bolt  1 
bUowing  dactiato  appoaite  the  angle  of  inclination^: 


teo.. 

..1.00 

•00.. 

.  .88 

40°.. 

..   .68 

W>... 

.  .10 

80  .. 

..  .w 

66  .. 

.  .88 

86  .. 

..  .M 

16  ... 

.  .10 

70  .. 

..  .H 

60  .. 

.  .76 

80  .. 

..   .84 

10  ... 

.  .06 

06  .. 

..  J> 

46.. 

.  .68 

»  .. 

..   M 

6... 

.  M 

The  fieonr,  or  abradinar  power  of  moTliiir  water  is  eonsiden 

te  a*  ibc  aqnare  of  its  ▼*!. 

Art.  27.    To  ealealate  the  horse-power  of  fklllns  water 

Ute  ordiaarj  aMunipdou  thai  a  hone-power  1*  eqaal  to  StBOO  Ihe  lifted  1  foot  rert  per  adn.    Th 
amrage  horwa  is  reiaijr  but  about  %  aa  aiMh,  or  nOOO  Iha,  1  foot  high  per  niln.    llult  togethe 
■•Bber  oreab  ft  nf  wator  which  faU  per  nia  :  the  veri  height  or  head  In  feet,  through  whieh  it  i 
•od  the  namber  U.3,  (the  wt  of  a  onb  ft  of  walar  la  Iha  ;>  a»d  div  the  prod  bjr  MOQO.  Or,  bj  fori 
cmbft     V         9trt         V    Ihe 
The wwmftero/ _  pm-mttm  ^  JUtffhtimft  ^  08.8 
kone-pow€n  gJOOO. 

Ex.  Orer  a  fall  16  ft  in  vert  height,  800  oub  ft  of  water  are  dlaohd  per  mla.  Bow  auj  I 
powtoe  does  the  fall  afford  7 

eebfl       n         Be 
Here    W  X  16  X  <ttJ  _  miiO      .,„^^„ 

"•"'        nooo nooo  " **"  '^^' 

Watei*-wheeLi  do  not  realUe  all  the  power  inherent  In  the  water,  as  fovad  b] 
mla.  Thns,  andaradou  reallte  bat  from  %toii;  b^eas^whecl■,  H ;  orersbon.  f^m  HtoH; 
binea,  9i  to  .86  of  it ;  acoerdlng  to  the  skill  of  design,  and  the  perfcctloB  of  workiMnshlp.  Kren 
the  wheel  rerolTesin  a  olose-Otting  casing,  or  breast,  elbow  boekets  giro  considerablj  more  i 
than  plain  radial  or  center-bnckeu.  Of  the  power  aotaally  reoeived  bj  a  wheel,  part  is  expend 
fHetion.  Ac ;  while  the  cwnalnder  does  the  ug^fui  or  ptijfing  net  work  of  raising  waier.  grii 
grain,  sawiug.  ke. 


Obser^'ations  by  Ctonl  Hanpt^  in  1860,  gave  the  following  results  f 
small  hy«lranlle  ram.    Head  of  water  to  ram  =  8.812  ft ;  diam  ofdriTe-pii 


XH  lo«:  length  16  ft.  Diam  of  delireiT-pipe  =-  H  ioch ;  length  300  (t  Vert  height  w  whiel 
wator  was  raised  bj  the  detlrerT-pipe,  6S.4  fset.  Strokes  of  ram  per  min,  170.  Qnaolitr  of  i 
which  worked  the  ram  =  768  cob  ins,  =  8.81  galls,  =  37.73  fts  per  min.    Quantity  raised  0.4  ft 

Bm  Bala        ft  t\ 

per  Bin,  =  48  cob  ina,  =  1.786  fto.    Hence  the  power  expended  per  min,  was  17.78  X  8^11  =  M 

Jkmi  the  esefhl  eibe^  was  1 .738  X  68.4  =  110.06.    Hence  the  ratio  which  the  uuf^  ^•tt  bears  t 

110.00 
power  in  this  Insunce,  is  —,  or  .46.   The  ocfiial power  of  the  ram  is,  however,  greater  than 


as  It  has  to  overcome  the  friction  of  the  wator  along  the  delirery-plpe.* 

To  fliid  the  home-power  of  a  raiiiiliiiir  streaai.    Water-wh 

with  simple  float- boarde.t  tneMmdar  becketo,  are  aooeiimes  driTen  bj  the  mere  foroe  of  the  oftll 
•ataral  current  of  a  stream,  without  any  appneiable  fall  like  thai  in  the  Coregoing  ease.  In 
eases,  we  must  substltuto  the  vtrtnal  or  titoorefic  bead  ;  which  is  thai  which  would  Impart  to  Ii 
same  Tel  whicb  it  actually  has.  This  virtual  head  maj  be  taken  at  once  from  Table,  e.  689.  Th 
stream  bas  a  vel  of  'i.388  miles  per  hour;  or  210  n  per  min :  or  34  ft  per  sec :  and  In  the  eolam 
heads  in  Table  10,  opposlto  to  3.5  vel  per  sec,  we  Oud  the  reqd  head  .190  of  a  ft.  Having  thus  f 
the  head,  w«  mast  now  And  the  qnantlty  of  water  which  pawes  any  given  area  of  ihe  stream 
min.  Thus,  suppose  that  the  (mmeriMi  part  of  a  float  when  vert  is  6  ft  loag,  and  1  ft  wide  or  d 
than  the  area  of  this  part  which  receives  the  force  of  the  ourreni,  is  6  X  1  —  &  square  fbeu    H( 

•na         Tsl 
6  sq  n  X  210  =  1050  cub  ft  per  min.    Having  new  the  cub  ft  per  min,  and  the  vert  height  or  I 
the  number  of  horse-powers  of  f  As  ttream  of  the  given  area,  is  found  by  the  foregoing  rule,  or  fora 


*  A  eoiumlttee  of  the  Franklin  Institute,  in  18M),  gave  .71  as 

eoeflcicnt  for  a  ram  at  the  Oirard  College,  in  which  ihe  diam  of  drl re-pipe  was  24  ins :  iu  Ici 
100ft:  fall,  14  ft.  Delivery-pipe,  1  lach  diam;  2200  ft  long;  vert  rito.  or  height  to  which  the  v 
was  raised.  98  ft.  No  deUlls  of  the  experiment  are  gireu.  Some  large  rams  la  France  give  a  m 
tgket  of  from  .6  to  .66  of  the  whole  power  expended.  It  is  an  excellent  machine  for  many  pnrpi 
and  Is  sometimes  used  for  fllllog  railway  tanks  at  wator  stations. 

fSnch  wheels,  for  floating  snllis.  In  Enrope,  rarely  exceed  1 

diam.  Whatever  the  diam,  they  may  have  about  IB  to  30  floato.  The  fleau  are  from  8  to  16  ft  I 
and  about  ^  to  ^^  as  deep  as  the  diam  of  the  wheel.  They  should  not  dip  their  entire  depth 
the  water,  but  nearly  so.  They  should  not  be  in  the  same  straight  line  with  the  radii ;  hot  si 
taoHoe  from  them  ttP  np  etreaa,  to  -pradnoe  their  fUll  eStot.  Ail  these  remarks  apply  to  w 
moving  freely  In  a  wide  or  IndeBntto  channel ;  as  in  the  ease  of  a  floatiag  mill,  built  on  a  aeitw 
anchored  out  in  a  stream :  but  not  to  wheels  for  which  the  wator  is  dammed  up,  and  aeu  with  a : 
tleat  fkU.  Ko  great  exactness  is  to  be  ezpeeted  la  rales  on  this  snl^eot.  The  best  vel  for  the  v 
b  aboat  .4  thai  of  the  stnaa. 
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But  In  pnctlce  the  tahedi  actually  realize  but  about  0.4  of  this  power  q^ 
the  dreoan.  Therefore,  the  actual  power  of  our  wheel  will  be  but  .877  x  .4  ^ 
O.UOS  of  a  horse  power;  or  33000  X.  1508^4976  ft-Ibs  per  minute.  Making 
a  rough  allowance  for  the  ft-iction  of  the  machine  at  its  Journals,  dec,  we 
should  have  about  4400  ft-fte  of  tu^tU  power  per  minute ;  that  is,  the  wheel 
would  actually  raise  about  440  lbs  10  it  high ;  or  44  lbs  100  ft  high,  &c,  pet 
min.  The  vel  of  the  stream  must  not  be  measured  at  the  surftoe ;  but  at 
about  14  of  the  depth  to  which  the  floaU  are  to  dip,  or  be  immersed.  This, 
however,  is  necessary  chiefly  in  shallow  streams,  in  which  the  depth  ox 
the  float  bears  a  considerable  ratio  to  that  of  the  water. 

Tbis  pewer  of  a  mnnlns'  stream,  (for  any  K'v^n  area  of 
CrasiSTerfie  seetlon.)  Increases  as  the  cubes  of  the  tcIs:  for,  as 
we  have  seen,  the  power  in  ft-fts  per  mln  is  found  by  mult  together  the 
weight  of  water  which  passes  through  the  section  in  a  min,  and  the  virtual 
head  in  ft ;  and  s^ince  tnis  weight  increases  as  the  vel.  and  this  head  as  the 
square  of  the  vel,  the  prod  of  the  two  (or  the  power)  must  be  as  the  cube 
of  the  vel.  Therefore,  if  the  vel  in  the  foregoing  case  had  been  10.5  ft  per 
aec,  or  3  times  3.5  ft,  the  power  of  the  wheel  would  have  been  27  times  aa 
great,  or  .1508  X  27  =  4.07  horse  powers. 


i 
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Drsdoiiio  is  generally  done  by  skilled  eontmcton.  who  own  the  requisite  inadiliMt, 
loows  or  lighten,  Ac ;  and  who  make  it  a  special^.  It  is  neceemry  to  specify  whether 
the  dredged  matorial  is  to  be  measared  in  place  before  it  is  loosened ;  or  after  being 
Aspoeited  in  the  scow:  because  it  oocopies  more  balk  after  being  dredged.  It  was 
found,  in  the  extensiTe  dredgings  for  deepening  the  River  8t  Lawrence  thnmgfa  the 
Lake  of  St  Peter,  that  on  an  aTerage  a  cub  yd  of  tolerably  sttiT  mud  in  piauou,  makes 
L4  yds  in  the  soow ;  or  1  in  the  scow,  makes  .710  iu  pk^L  Also  stipulate  whether  tlie 
removal  of  bowlders,  sunken  trees,  Ack  is  to  constitute  an  extra.  Tliese  often  require 
sawing  and  blasting  under  water.  Tbt  cost  per  cub  yd  for  dredging  varies  much 
with  the  depth  of  water ;  the  quantity  and  character  of  the  material ;  the  diet  to  which 
it  has  to  be  removed ;  whether  it  can  be  at  once  discharged  ftom  the  maehinu  by 
means  of  projecting  side-sboots  or  slides ;  or  must  be  discharged  into  scows,  to  he  r»> 
moved  to  a  short  dlst  by  poling,  or  to  a  greater  diet  by  steam  tugs ;  whether  it  can  be 
dropped  or  dumped  into  deep  water  by  means  of  flap  or  trap  doors  in  the  bottnoi  of 
the  hoppen  of  the  scows ;  or  must  be  ihovelled  fh)m  the  scows  intn  thailmo  water,  {ai 
say  4  to  8  cts  per  yd ;)  or  upon  land^  (at  say  flrom  6  to  10  or  20  cts  for  the  shovolliag 
alone,  or  shovelling  and  wheeling,  as  the  case  may  be ;)  whether  much  time  nuat  be 
consumed  in  moving  the  machine  forward  flrequently,  as  when  the  ezcavatten  k 
narrow,  and  of  but  little  depth :  as  in  deepening  a  cual,  Ac ;  whether  many  bowl* 
ders  and  sunken  trees  are  to  be  lifted ;  whether  interruptions  may  occur  ftom  waves 
In  storms ;  whether  ftiel  can  be  readily  obtained,  Ac,  Ac  These  eonsldeimtiono  may 
make  the  cost  per  cub  yd  in  one  OMse  from  2  to  4  times  as  great  as  in  another,  ne 
adual  cott  of  deepening  a  ship-channel  through  Lake  8t  Peter,  to  18  ft,  from  its  orif- 
inal  depth  of  11  ft,  for  several  mites  throngh  modeimteiv  stiff  mud,  was  14  cts  per 
cub  yd  in  place,  or  10  cts  in  the  scows ;  including  removing  the  material  by  stean 
tun  to  a  dlst  or  about  Wa  mile,  and  dropping  it  into  deep  water.  This  includes  rs* 
pairs  of  plant  of  all  kinds,  but  no  profit.  It  was  a  favorable  ease.  When  ttie  backets 
woric  in  deep  water  they  do  not  become  so  well  filled  as  when  the  water  is  shallower, 
because  they  have  a  more  vertical  movement,  and,  therefore,  do  not  scrape  along  as 
.great  a  distance  of  the  bottom.  Hence  one  reason  why  deep  dredging  costs  more 
per  yard ;  in  addition  to  having  to  be  lifted  through  a  gnwter  height.  Perhi^w  the 
following  table  is  tolerably  approximate  for  large  works  in  ordinaiy  mud,  aud,  or 

Evel ;  assuming  the  plant  to  have  been  paid  for  by  the  company ;  and  that  «**■*■*«■> 
»r  costs  SI  per  day. 

V»ble  of  iseioAl  MMi  of  dredarlnar  on  »  1»iv«  iiealei  IbcIm^ 
Inc  dlroppimc  Uio  material  iiiU»  bcohm,  alonicaMot  or  iato 
slcre-«k€M»tfu  OB  board*  Ooiumon  labor  •!  per  dajr.  Repalrfl 
of  plani  are  Inclnsletf  ;  but  mo  proMt  to  eomiraetor.  (uni^naLJ 


£^ 

CU  per  Tmrd. 
In  plM*. 

OupMrTMTd. 
la  teow. 

srtt 

ci.p«r.f«. 

in  plaoo. 

Ct.p«T.S< 
in  MOW. 

LMathMi  10 
10  to  15 
Utoao 
aotosft 

8.4 
9.8 

11.S 
U.0 

• 
T 
8 
10 

»to80 
so  •0  85 
8810  40 

18.8 
18.8 
88.0 

Fortowing  of  the  scowsby  steam  tuga  to  a  distAnoe  o^mile.  aaddrM^iiiig 
the  mud  into  deep  water,  add  4  cts.  per  yard  in  the  scow ;  for  H  milet »  cts. ; 
for  9^  mile,  8  cts. ;  for  1  mile,  10  cts.  Add  profit  to  contractor.  On  a  small 
scale  work  is  done  to  a  less  advantage ;  and  a  corresponding  increase  must 
be  made  in  these  prices.  Also,  if  the  contractor  himself  ftimisbes  the 
dredgers  and  plant,  a  still  Airther  addition  must  be  made.  It  is  erldent 
that  the  subject  admits  of  no  great  precision.  Small  Jobs,  eren  in  Ikvoia- 
ble  material,  but  in  inconvenient  positions,  may  readily  cost  two  or  three 
times  as  much  per  yard  as  the  above :  and  in  very  hard  msterlal,  as  in 
cemented  gravel  and  clay,  four  or  five  times  as  much  for  the  dredging.  The 
cost  of  towng,  however,  will  remain  as  before,  if  wages  are  the  same. 

The  cost  of  dredgers,  tugs,  &c.,  will  vary  of  course  with  their  capabilities, 
strength  of  construction,  style  of  finish,  whether  having  accommodations 
for  the  men  to  live  on  board  or  not.  &c.  When  for  use  in  salt  water,  the 
bottoms  of  both  dredgers  and  scows  should  be  coppered,  to  protect  them  ntim 
soa-worms ;  and  if  occasionally  exposed  to  high  waves,  both  should  be 
extra  strong.   The  most  powerful  machines  on  the  8t  Lawrence  cost  about 
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$15,000  each ;  and  removed  In  10  working  hours  on  an  averaee  about  1800  cubk 
yards  in  plaoe,  or  2S20in  the  scows,  (iood  machines,  capable,  under  slmilj^ 
circumstanecs,  of  doing  as  much,  may.  however,  be  buitt  for  about  92£>,{i 
to  W.00O.  To  remove  this  quantity  to  a  distance  of  H  to  1  mile,  would  requi 
two  steam  tugs,  costing  about  16000  to  ilO.OJO  each ;  and  4  to  6  scows  (sosf 
to  be  loading  wnile  others  are  away),  holding  from  aO  to  60  cubic  yards  eacnl 
and  costing  ftom  fOOO  to  11500  each  at  the  shop.  Scows  with  two  hoppers^ 
are  best.  Such  a  dredger  would  require  at  least  8  or  10  men,  including  cap- 
tain, emdneer,  flreman,  and  cook ;  each  tug  4  or  6  men ;  and  each  scow  2 
men.  The  engineer  should  be  a  blacksmith ;  or  a  blacksmith  should  be 
added..  In  certain  cases  a  physician,  clerk,  assistant  engineer,  Ac.,  may  be 


Dredgers  are  often  built  on  the  principle  of  the  Yankee  Excavator,  with  but 
a  single  bucket  or  dipper,  of  ftom  1  to  2  cubic  yards  capacity.  Hull  about  25 
by60feet^  DraftSfeet.  Cy  Under  about  7  or  8  inches  diameier;  l&*to  18-inch 
stroke:  ordinary  working  pressure  fiO  to  80  lbs.  per  square  inch,  according 
to  hardness  of  material.  Cost  $8000  to  fl2,000.  Will  raise  as  an  average 
day's  work  (10  hoars)  firom  200  to  900  yards  in  place,  or  280  to  700  in  the  scow, 
according  to  the  depth,  nature  of  the  material.  Ac.  Require  5  or  7  men  in 
all  aboara,  including  cook.  Barn  U  to  1  ton  of  coal  daily.  Tolerably  laige 
bowlders  and  sunken  logs  can  be  raised  by  the  dipper.* 

When  the  material  is  hard  and  compacted,  the  buckets  of  dredgers  should 
be  armed  with  strong  steel  teeth  projecting  from  their  cutting  edges.  On 
arriving  at  such  material  every  alternate  bucket  is  sometimes  unshipped. 
By  arranging  the  buckets  so  as  to  dredge  a  few  feet  In  advance  of  the  hull, 
low  tongues  of  dry  land  may  be  eat  away :  the  machine  thus  digging  its 
own  channel.  The  daily  work  in  such  cases  m  ill  not  average  half  as  much 
as  in  wet  soil. 

On  small  operations,  dredgers  worked  hy  two  or  Bioro  lioraea, 
instead  of  by  steam,  will  answer  very  well  in  soft  material ;  or  even  in 
moderately  hard,  by  reducing  the  sise  and  number  of  the  buckets.  A  two- 
horse  machine  will  raise  fh>m  90  to  100  yards  of  ordinary  mud  in  place,  or 
70  to  140  in  the  soow,  per  day,  at  from  12  to  15  feet  depth. 

Soft  material  in  small  quantity,  and  at  moderate  depth,  may  be  removed 
by  the  alow  and  expensive  mode  of  the  boy-seoop.  or  oar-spoon. 

This  is  simply  a  baff  B,  made  of  canvas  or  leather, 
and  having  its  mouth  surrounded  by  an  oval  iron 
ring,  the  lower  part  of  which  is  sharpened  to  form 
a  cutting  edge.  It  has  a  flxed  handle  A,  and  a 
swivel  handle  i.  One  man  pushes  the  bag  down 
into  the  mud  by  A.  while  another  pulls  it  along  by 
the  rope  p;  and  wnen  filled,  another  raises  it  by  the 
rope  e,  and  empties  it.  If  the  bag  is  large,  a  wind- 
lass may  be  used  for  raising  it.  The  men  may  work 
from  a  scow  or  raft  properly  anchored.  Or  a  long- 
handled  metal  spoon,  shaped  like  a  deeply-dished  hoe,  may  be  used  by 
only  one  man ;  or  a  larger  spoon  may  be  guided  by  a  man,  and  dragged 
forward  and  backward  by  a  horse  walking  In  a  circle  on  the  scow,  Ac,  Ac 

Tko  weifhi  of  m  cable  yord  of  wet  dredged  mud,  pure  sand,  or 
gravel,  averages  about  1%  tons;  say  111  lbs.  per  cubic  foot :  muddy  gravel, 
fml  l^^tons ;  say  isS'ftft.  per cubicteot.  -'Pure sandiorgravel  dredges  easily : 
aIflobe«s  of  shells.  Wet  dredged  clay  will  slide  down  a  shoot  inclined  at 
from  5  to  1,  to  S  to  1,  according  to  its  freedom  from  sand,  Ac. ;  but  wet  sand 
or  gravel  will  not  slide  down  even  3  to  1,  without  a  free  flow  of  water 
to  aid  It ;  otherwise  it  requires  much  pushing. 

*  The  writer  has  seen  cases  in  which  a  elrcnlor  um,w  for  logs  in  deep 
water  would  have  been  a  very  useftil  addition  to  a  dredger.  It  should  be 
worked  by  steam ;  and  be  adjustable  to  different  depths.  It  would  cost  but 
about  15001 
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A  voLum  might  be  occapied  by  thia  importeDt  ral^eet  aloae.  We  baTe  apace  for 
obly  a  few  general  hlntB ;  leaving  it  to  the  student  to  determine  bow  fur  thej  nnj 
be  applicable  in  any  given  case.  In  <MtliBary  oasea,  as  in  culverts,  retaining  waHs, 
Ac,  if  excavations,  or  wells,  Ac,  In  the  vicinity,  have  not  already  proved  that  the  eoil 
Is  reliable  to  a  considerable  depth,  it  will  usually  be  a  raJBeient  preoaution,  allrr 
faaving  dug  and  levelled  off  the  foundatioa  pits  or  tronchea  to  a  depth  of  8  to  6  ft,  to 
test  it  by  an  iron  rod.  or  a  pump-anger;  ortoaink  holea,lnafewBpota,tothed^th 
of  4  to  8  ft  further ;  (depending  upon  the  weight  of  the  intended  structure ;)  to  aaoer- 
tain  if  the  soil  continoea  firm  to  that  diataoca.  If  it  doaa,  there  will  rarely  be  any 
risk  in  proceeding  at  once  with  the  maaoiiry ;  because  a  stratum  of  Arm  soil,  from  4 
to  8  ft  thick,  will  be  aafe  for  almoat  any  ordinary  atmcture;  even  though- it  ahouM 
be  underlaid  by  a  much  aofter  atratum.  If;  however,  the  tlrm  upper  atratum  ta  ex- 
posed to  running  water,  as  in  the  caae  of  a  bridge-pier  in  a  river,  care  moat  be  taken 
to  preserve  it  from  gradually  waahing  away;  or  fh>m  becoming  looaened  and  broken 
up  by  violent  freshets ;  especially  if  they  bring  down  heavy  manana  of  ice,  treea,  and 
other  floating  matter.  Theae  are  aometimea  anreated  by  pien,  and  aoenmulate  to  aa 
to  form  dams  extending  to  the  bottom  of  the  stream ;  tnua  creating  an  iaereaae  of 
velocity,  and  of  scouring  action,  that  ia  very  dangerous  to  the  stability  both  of  the 
bottom  and  of  the  structure.  When  the  testing  haa  to  be  made  to  a  considerable 
depth,  it  may  be  necesaary  to  drive  down  a  tube  of  either  wrought  or  oast  iron,  to 
prevent  the  soil  from  falling  into  the  unflniahed  hole.  If  necessary,  this  tube  may 
be  in  short  lengths,  connected  by  screw  Joints,  for  oonvetkienoe  of  driving ;  and  the 
•arth  inside  of  it  may  be  vemoivod  bj  a  small  asoop  wHh  a  long  handle.* 

Borlnic*  in  common  •oilii  or  day  may  be  made  100  feet  deep  In  m  day 
or  two  by  a  common  wood  ftuser  1^  inches  oiameter,  turned  by  ivo  to  four 
men  with  3  feet  levers.    This  wlU  bnng  up  samples. 

in  starting  the  masonry,  the  largest  stonte  should  of  oooxBe  be  pisoed  at  the  bot- 
tom of  the  pit,  BO  as  to  equalise  the  pressure  as  much  as  posrfble;  and  care  should 
be  taken  to  bed  them  solidly  In  the  soil,  so  as  to  have  no  rocking  tendsooy.  The 
next  few  courses  at  least  should  be  of  large  stones,  so  laid  aa  to  break  Joint  thoroogbly 
with  those  below.  The  trenches  should  be  refilled  with  earth  as  soon  as  the  masonry 
will  permit;  so  as  to  exclude  rain,  which  would  injure  the  mortar,  sad  soften  the 
foundation.  It  is  well  to  ram  or  tread  the  earth  to  some  extent  as  it  ia  being  deposited. 

If  the  tests  show  that  the  soil  (not  exposed  to  running  water)  Is  too  soft  to  support 
the  masonry,  then  the  pits  should  be  made  considerably  wider  and  deeper;  and  after- 
ward be  filled  to  their  entire  width,  and  to  a  depth  of  IW)m  S  to  6  or  more  ft,  (de- 
pending on  the  weight  to  be  sustained,)  with  rammed  or  rolled  layers  of  sand,  gnivd, 
or  stone  broken  to  turnpike  sise;  or  with  concrete  in  which  there  Is  a  good  propor- 
tion of  cement.  On  this  deposit  the  masonry  may  be  starts.  The  common  practice 
in  such  cases,  of  lasring  planks  or  wooden  platforms  in  the  foundations,  for  building 
upon,  ia  a  very  bad  one.  Kor  if  the  planks  are  not  constantly  kept  thoroughly  ws^ 
they  will  decay  in  a  few  yeacs;  cauong  cracks  and  settlements  in  the  masonry. 

Some  portions  of  the  brick  aqueduct  f  for  supplying  Boston  with  water  gkw 
a  great  deal  of  trouble  where  its  trenches  passed  through  running  quicksands  and 
other  treacherous  soils.  Concrete  was  tried,  but  the  wet  quicksand  mixed  Itself 
with  it,  and  kilUd  it.  Wooden  cradles,  Ac,  also  ikiled ;  and  the  difficulty  was  Anally 
overcome  by  simply  depositing  in  the  trenches  abont  two  feet  in  depth  of  strong 
gravel.|  Sand  or  gravel,  when  precaited  from  tprmding  sidewayM,  forms  one  of  ths 
best  of  fbnndations.  To  prevent  this  spr^iug,  the  area  to  be  built  on  may  be  sur- 
rounded by  a  wall ;  or  by  squared  piles  driven  so  close  as  to  touch  each  other;  or  in 
less  important  cases,  by  short  sheet  piles  only.    But  generally  it  is  sufficient  simply 


*  Subterranean  caverns  in  limestone  regions  are  a  frequent  source  of  trouble, 
against  which  it  is  difficult  to  adopt  precautions. 

t  The  Cochituate  aqueduct,  built  1846-4H;  egg-shape,  6 feet  4  inches X  5  feet, 
with  semicircular  invert. 

X  Smeaton  mentions  a  stone  bridge  built  upon  a  natural  bed  of  gravel  only 
about  two  feet  thick,  overlying  deep  mud  so  soft  that  an  iron  bar  4u  feet  long 
sank  to  the  head  by  its  oa'n  v^ eight.  One  of  the  piers,  however,  sank  while  the 
arches  were  beins  turned,  and  was  restored  by  i>meaton.  Although  a  wretched 
precedent  for  bridge- building,  this  example  illustrates  the  bearing  power  of  a 
thick  layer  of  weinoompactod  gravel. 
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to  give  the  IreiMbM  a  good  width ;  and  to  ram  the  und  or  gnrti  (whJeh  are  $Sk 
the  hetter  if  wet)  in  leyen;  taklnx  care  to  oomfMct  It  well  agaiost  the  tides  of 
the  trench  also.  Under  beary  loads,  some  settlement  will,  of  course,  take  plaoe, 
aa  18  the  case  in  all  foundations  except  rock.  If  very  heavy,  adopt  piling,  Ac. 
See  Gbillaqb. 

^Wben  mn  varellable  soli  overltee  a  flrm  one,  but  at  such  a 
depth  that  the  excavation  of  the  trenches  (which  then  must  evidently  be  made 
wider,  aa  well  as  deeper)  beooiues  too  troublesome  and  expensive;  especially 
when  (as  generally  happens  in  that  case)  water  percolates  rapidly  into  the 
trenches  from  the  adjacent  strata,  we  may  resort  to  pilea  When 

maklBS  deep  foundation-pits  In  <l«nip  Clay,  we  must  remember  that  this  | 
material,  being  soft,  has,  to  a  certain  degree,  a  Undone v  to  press  in  every  direc- 
tion, like  water.  This  causes  it  to  bulge  inward  at  the  sides,  and  upward  at  the 
bottom.  The  excavations  for  tunnels,  or  for  vertical  shafts,  often  close  in  all 
«roui)d,  and  become  much  contracted  thereby  b«:fore  they  can  be  Hoed ;  there- 
fore they  abonld  be  dag  larger  titan  would  otherwise  be  necessary.  The  bottoms 
of  canal  and  railroad  excavations  in  moist  clay  are  frequently  pressed  upward 
by  the  weight  of  the  sides.  I>rir  elay  rapidly  absorbs  moisture  from  the  air, 
and  swells,  producing  efTects  similar  to  the  forego >ing.  I ts  ex panslon  is  attended 
by  great  pressure;  so  that  reUining-walls  baded  with  dry  rammed  clay  will 
he  in  idanger  of  bulging  if  the  cliiy  should  become  wel  It  Is  a  treacherous 
material  to  work  in.    For  concrete  foundations,  see  Gbncrete. 

Aa  to  tke  fcreatcat  load  that  may  safely  be  trusted  on  an  earth  founda- 
tion, Rankine  advises  not  to  exce*  d  1  to  1.5  tons  per  square  foot.  But  experi- 
ence proTos  that  on  good  compact  gravel,  sand,  or  loam,  at  a  depth  beyond 
atmoepheric  influences,  2  to  3  tons  are  safe,  or  even  4  to  ff  tons  if  a  few  inches  of 
nttlement  may  be  allowed,  as  is  often  the  case  in  isolated  structures  without 


what.  Eoualltw  of  prefianre  is  a  main  point  to  aim  at  Tremor  in- 
creases settlemente,  and  causes  them  to  continue  for  a  longer  period,  especially 
is  weak  soils.  Great  oan  must  be  taken  not  to  overload  fn  sneb  casee,  even  if 
piled.  Fonndatlomi  Jn  ailty  soils  will  probably  settle,  in  years,  at  the 
rate  of  from  3  to  12  inehes  per  ton  (up  to  2  tons)  per  square  foot  of  quiet  load, 
if  not  on  piles. 

Figura  2  shows  an  eaav  mode  of  obtaining  a  foundation  in  certain  canns.  It 
is  the  **|»ierre  perdne**  (lost stone) of  the  French;  in  English,  '^ran* 
dom  stone,**  or  riprap. 

It  is  merely  a  deposit  of  rough  angular  quarry  stone  thrown  into  the  water; 
the  largest  ones  being  at  the  outside,  to  resist  disturbance  iVom  freshets,  lee, 
floating  trees,  Ac.  A  part  of  the  interior  may  be  of  small  quarry  chips,  with 
some  gravel,  sand,  clay,  Ac  When  the  bottom  is  irregular  rock,  this  process 
saves  the  expense  of  levelling  it  off  to  reoelTe  the  masonir.  for  2  or  3  feet 
below  the  surface  of  the  water,  the  stones  may  generally  lie  disposed  by  hand,  so 
as  to  lie  close  and  firmly.  Small  npawls  packed  between  tbe  larger  ones  will 
make  tbe  work  smoother,  and  less  liable  to  be  displaced  by  Tiolence.  Cramps 
or  chains  may  at  times  he  useful  for  connecting  several  of  the  large  stones 
together  for  greater  stability.    Rlp«ra|s  ko  wewer.  Is  apt  to  settle. 

If  the  bottom  in  so  jrleldlnv  as  to  bo  liable  to  wash  away  is 

fteshets,  it  may,  In  addition,  be  protected,  as  In  Pig  2,  by  a  covering  of  tho  mme  kind 

of  stones,  an  at  c ;  extend- 
ing all  around  the  stni^ 
ture.  Or  the  main  pile 
of  atones  may  be  extend- 
ed as  per  dotted  line  at  J; 
so  that  if  the  bottom 
should  wR«h  away,  as  pef 
dotted  line  at  o,  the 
stones  d  will  UJl  inta 
the  cavity,  and  thus  pre- 
▼ent  farther  damage. 
Sheet-piles,  $ «,  may  be 
^ven  as  an  additional  prseaatloa.  Vor  greater  aecnrity,  the  bed  of  the  river  may 
be  dredged  or  scooped  under  the  entire  space  to  be  covered  by  the  main  deposit,  as 
per  dotted  lines  in  llg  S»  to  as  great  a  depth  as  any  scouring  would  be  apt  to  reach; 
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HHi  AxuYvtfon  ilio  to  bt  AIM  vltli 

*ikptcd  to  quitt  mstcr.  Th« 

iud  Uic  iaoiitint  utieb  of  Um  sinaa 

UWID4  ttacm,  ap«dtJ1/  ll.  trwhtft  «•• 

pomlt  Iw  dr*d|¥d  finL  (n  raoh  M  •HMt 
Ihu  i:b«  QriflnLh  kfm  orwMV  ■kail  Mt 

liDirlfne*  u«  b«*mv7  fa 
••  li  in  Mbm  eoBweetcd  i 

M«H  ctsdj  irllt  Mt  c«Md 

ui  lUlftnk   TkMii  tad 


f 


rif  t  li  uotbar  flnpti 

vtfnlLdoM  Dot  emtc  (M  mat  as  Ob*  

«ir«t)<iBuatftatFtnUoa  •rtb«alrtaa,arlatha«Mapaorili«aMralB  ItaMarMgfc 
tfTf  tflNMin  o««.  Hrr*  tli* pitoa  art  flrat  drlvta  lata  tka  rlT«r  bouos,  Ibr  tlw  aappotl 
llien  Lb*  -     -      .  


hrtfeaMippottartbai 
tba  pllaat  prtTaatlBt  I 


Tb*  wp  of  ifai* 

&idw:*r,    ii(iAall'alfmaert«plla{  orheOawpllMaraaaKliWfB^bawadfaM 

Fiji;!  4  KpiTAeiit  ft  co&TtntaBl  tt«thod  of  MteblithliiK  a  foundation  InwmUr, 
meABfl  of  a  i J  m  Ik-  r  ertlH  ▲  A«  wlUMtti  a  iMUoni*   It  ahould  bt  bnill 

■ou«r«d  timlHirt.uoLch- 

«4    together    at    tlielr  I  I 

cnHalDgt,  at  •hown  at  f  '| 

Fiff  5 ;  each  Dolch  b* I iig  •  '^ 

K  of  ^bt  depth  or  tba 

•tkk.     B;  thl«  ciBULi 

each  tlnitwr  li  lupport- 

ed  throu£}ioiit  It^  entire 

lati^th  by  the  on?  below 

H[  and  mrliui  pulUng 

Id  both  direct!  am.  BolU 

atM  an  driTen  ai  tb* 

Intcnectkni;  at  tu«t 

la  th»  ildei  of  tba  edb^ 

to  pr«T«iit  one  portion 

trom  bftlnf  floatbd  off 

frgm    tbe   other     TIjb 

crib  li  tbui  dtTld£<d  Into 

aqaare   or  rectangular 

celli,  nrom  2  to  4  or  &  ft 

«o  a  ald«,  a^opdlbg  |o 

tl)«  nqulnmtDts  of  tb« 

caM.       Tba    parti  tlptu 

btt:w<>Bii   tbe   eel  La  an 

pat    to«;«tb«r    In    tba 

■aiaa  sianner  aa  tboae 

al  tb«  ildet  of  tbo  crlbi; 

and  eOMcqnentlj,  Hka 

the  latter,  form   aolhj 

ircHMleii  vrallJ 

Tba  ofib  Bajr  ba  trmmti  aAaat.  at  aaj  aoaTtoltot  spot  t 
■aai  flaea,  vbtra  li  U  eanfMlj  BMored  la  pMltioa,  and 

aaltajmndfldwlibplaLrorBi,  aaatecfortbatparpo  .    , 

abon  tba  lover  adit  er  tlia  calls,  m  ai  not  to  prtrtot  ibt  crib  tnm  ■ottllaf  aligbUj  late  tba  mU,  i 
Ibaa  oDKlai  to  a  rult  tmrlof  apoa  tfat  boUon.  Af tor  it  baa  ban  aaak,  all  tba  aalla  ara  illai  w 
f  aiab  atoaa  A  iif<ut  lo^  plutfonnBiaj  bo  added  or  aot,  a*  tba  aaao  may  ba ;  alao,  a  pcaiaatlaa,  f  I, 
twMBm  iiABa,  lii  pftTCDi  Ba4«rBihilBt  by  tba  oarraai.    If  tba  ildaa  ara  ozpaMd  to  abnwIoB  fk^ 


tbaa  anak  br  tbrawtag  aiaa 
Tbtaa  platibraa  aboald  ba  plaaad  a  ttl 


4»B  atteTCD  rock  bottom  it  may  bo  niewtrj  to  terlba  tba  bottom  of  f 
aiib  to  at  tb«  Kek ;  «r  a,t  mlb  aaj  flrat  ba  aaak  by  aaaas  of  a  loaded  platfbna  an  Ita  tap,  ar 
liikat  AooM  or  Jii  erHi.  udiu  Ita  lawaat  Uabtra  ara  wltbla  a  abort  dUiaaea  abora  tba  bouan:  BaJ 
ibrra  kpc  la  a  boriiontaJ  pealllea.aaMll  aioaaa  may  ba  tbrava  lata  tba  aaUa.  aad  aUavad  ta  I 
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A  crib  with  •■ly  Mi  •■telde  row  of  eellfl  Ibr  tfnkiDg  ft  maj  be 
at;  Md  tte  iBt«fer  ohMte  mi^b*  fllM  with  eoaerete  oadir  «■!«■.  TIm  BMOory  may  Ums 
itooUMooBeretealoQ*.  If  th«  flrtb  raati  upon  a  fboodatlon  of  brokra  atoM.  th«  oppM- lotmvtioM 
•■'•-  MOM  ahovJd  lint  b«  tofvltod  «ff  bj  nuU  atoM  or  ooum  grartl  to  rwelTt  tht  eooorato  of  tb« 


dr  a  erib  llMe  Fte.  4  may  be  rank,  and  pllat  be  drlren  In  the  cells,  which 
|k  bramn  noM  or  eonereto.   Tho  m»mmrj  mmy  thoa  not  on  the  pitao  only. 


plaoe  oboot-pllio  or 


MM  the  low  pwt,  Md  will  tbos  eoant  the  •aperotmeiare  to  \ma  or  to  eraoC 
>  either  straight  aided  or  circular,  with  onlj  an  outer  row  of  cells  for  pnd- 
■uij  be  ased  as  a  eoflTerdjiiii  (see  cofferdams,  p.  586).  Tt>o  <-'    > 
bo ooter  timbefi  uhmM  ho woU ooottod;  oiidevobototaB.bjBOoaooroattidopilo-plaafti, 


kT  oftorward  bo  Cllod  with  bretOD  itono  or  oonorete. 

ifoh  In  turn  will  bo  doflrodod  by  tho  oHh.    If  tho  bottom  U 

Hfop  aroond  tho  baoo  of  tho  orlb. 

By  all  BieaBS  mwUL  a  erib  like  e,  Vig  5^  mndi  higher  at  one  part 
an  at  another,  if  UU  trnpttttntulmre  a  ig  to  reM  <m  tkf.  timber  of  the  crib  instead  of  on 

outodopoiideot  of  the  Umber;  Ibr  tho  bifb  part  or  tho  orib  win  ooBprtoo 

low  part ,  aad  will  tbos  eaano  the  •operotmoiare  to  loan  or  to  eraofc. 

A  Crib - 

ilair  aaaj 

twoottObo  eater  ttmbonohoold  bo  woUoaalkad;  andearobotataB.bjBoaao'oroataidopilo-plaafts, 

arol.  £o,  lo  preroat  waiw  frooi  ootorlag  boaoath  It. 

Tiie  eaat-iraa  Bridbre  aereM  the  Sehajriklil  «i  Cheetnai  St, 

hlia»  Mr.  Strickland  Knoass,  Kngitieer,  affords  a  striking  oxaniple  of  crib 
ndaUea.  Tho  oeaier  pier  eUoda  eo  a  erib.  an  obloof  oc(i4roa  la  plan ;  SI  by  87  Ibei  al  baoo  :  14 
SO  a  at  top;  and  (with  Its  platfona)  »  tl  bigb.  Ita  Oaibera  are  of  jellow  plae.  howa  It  laa 
and  fraoMd  aa  at  Pic  6.    Tho  lower  timbers  were  earefally  eat  or  seribod  to  oonform  u>  tho 

^^ .  -w-  ... — ..._  . — .  — .. whioh  It  reals.    Tbeoe  were  aaeertalned  rafUr  tbe  8  ft 

manner  of  noorlDg  aboTO  tbe  alio  a  large  floating 
oonaapoadiag  la-  pooltloo  with  aU  theee  of  the  lower  eoorao 
the  lateodod  orib,  both  longltadlnal  and  traasrcrao.  Bonndings  were  then  Uken  oloee  together 
Mf  all  tbeoe  llDOe of  timber.  Moetof  thoodla  aro  aboatS  bj  4  Aon  aatde.la  thoelear.  A  fbw 
them  had  platforma  at  the  level  of  tho  ioooad  ooiao  from  tho  bottom,  for  rooolvlnc  atoao  Ibr  atak. 
g  the  erib ;  the  others  are  open  to  the  bottoot. 

The  orib  wao  baUt  la  tho  water ;  and  waa  kept  floattng.  darfof  !ta  oooatmotloa.  wHh  lia  aaflalahcd 
p  oootiaaally  Jaat  aboro  water,  by  gradaally  loadiag  it  with  more  atoao  as  new  ilaibcrs  were  added. 
M  etoae  reqalrod  for  ihla  parpoor  alone  waa  SOO  tons.  When  tbe  erib  was  towrd  into  position,  and 
•orod,  Ue  tone  bmwo  were  added  Ibr  aiaklag  lu  All  the  oella  were  afterward  filled  with  roogb  dry 
ae  gravri  aorooalaga ;  making  a  total  of  ISSB  tone.  A  platform  of  is  by  IS  looh  sqnarad 
the  whole ;  lla  top  bolag  SH  it  below  loa  water.    The  pier  alone,  whiob  sunds  on  this 


"egalaritloa  of  tho  tolerably  level  rook  apon  wbiol 
pih  of  graTOI  had  been  dredged  off)  la  tim  aaoal  i 
Mdaa  plalfBrm.  tamppisd  of  tlmbora  uwiaapoadli 


lb.  weighs  n&5  tOBs:  and  durtag  Itt  ooaatraetlon  It  oompreaaed  the  orib  S^  ina. 
peratrnotaro  roating  on  the  pier,  may  bo  raagbly  taken  at  1000  tone  mon. 


The  weight  of 


An  •rdlaary  ealaeoa  Is  merely  a  ntronir  scow,  ar  a  box  with* 

t  a  lid :  aad  with  sides  wblob  may  at  ploasare  bo  readily  detached  ft«m  iu  bottom.    It  la  bnilt  on 


Tbe  maaonry  ai^  Brst  bo  bnilt  la  U,  either  in  whole  or  In  part,  wbilo 
loot;  aad  the  whole  beiog  then  towed  lato  plaoe,  and  moored,  may  be  annk  to  the  bottom  of  tho 
~  '       '  "       prerioasly  prepared  fsr  it,  either  by  piling,  if  necessary;  or  by 
-^'~   '--     The  bottom  of  the  eaiaaon  consatatos  a  strong  Umber 
platform,  apon  wbleb  tbe  maaonry  resu ;  and 
la  so  arranged,  that  after  it  Is  sunk,  tbe  sides 
msy  be  detached  f^m  it,  and  removed  to  bo 
rebottemod  for  aso  at  aaotbrr  pier,  If  t     '  ' 


■rely  lovolUac  off  tho  aataral  aariboe,  Ao. 


Thia  detaoblag  may  bo  elfcetod  b*  aome  such 
oontrlranoe  as  that  shown  to  Fig  S,  where 
P  P  w  is  tbe  bouom  of  tbe  ealMon,  to  which 
are  flrmly  attaebed  at  iaterrals  strong  iroa 
OToa  I ;  whieh  are  takea  hold  of  by  hooks  4.  a* 
the  lower  end  of  long  bolts  B  a,  reaebing  to 
the  top  cimbera  8  of  the  crib,  where  tbey  are 
oooflned  by  aorew  nnu  n.  By  loosening  the 
nau  n,  tbe  hooks  d  eaa  bo  detaobcd  from  the 
eyes  (;  and  tbe  aides  caa  thea  bo  rcmorcd 
from  the  bottom;  there  being  ao  other  coaaeo- 
tlon  between  the  two.  Theae  books  and  eyea 
are  aaaally  placed  ootsldo  of  the  oalason :  tho 
oerew  aau  n  beiag  anauiaed  by  the  preceding 
onda  of  croes  pieces,  as  ff.  Pig  9.  Ibc  Im- 
proper poeltioa  given  them  in  oar  Fig  wao 
atorely  for  ooaventenoe  of  illostrailng  the  prln- 
Oiple.  It  will  sometimes  be  necessary  to  haTO 
w  aide  doUAablo  fhnt  tho  others,  la  order  to  float  the  eaiaaon  away  clear  from  the  flnisbed  pier ; 
iloaa  It  be  Boated  away  befbre  tho  maaoary  b«ui  been  bollt  eo  high  as  to  render  the  preoaation  uae> 
M.  Pig  S  ahowa  oao  of  maay  waya  of  ooaatraoting  a  oaiaaoo ;  with  sides  conaUtIng  of  opright 
mor-poou,  I;  cap  piooos  8,  *a  top ;  aad  sills  f  at  bottom,  resting  on  the  bottom  platform  P  P  w; 
leraiedlato  aprighta  T,  framed  into  the  caps  and  ilTla;  the  whole  being  oorerrd  oaulde  by  one  or 
ro  thiokneeaes  of  planking  B,  whIeh,  as  well  aa  the  platform,  should  be  well  calked,  to  preveat 
kktng.  Tarpaalln  also  mav  bo  aailod  oataMo  to  aaaiat  in  this.  Tbe  greataat  tronblo  f^m  Icaklag 
where  tho  aldm  join  the  niatform.  On  top  of  tbe  platfbrm  le  flrmly  spiked  a  timber  o  o,  extending 
I  areaad  it  Jaat  iaaUo  of  the  Inner  lower  edge  of  the  aidee  of  the  caisson.  I u  use  is  to  prcrent 
e  aldoo  nrom  being  forced  inward  by  tho  premare  of  the  water  ontsidc.  The  details  of  coastnictlon 
111  of  ooorae  vary  with  the  reqalrementa  of  the  oaae.  In  deep  caissoas,  laside  oroaa-bracea  or  stmta 
na  aUe  to  aide,  aa  at  e  e.  Pig  T,-will  be  reqaired  to  prevent  tbe  sidea  from  being  ftirced  Inward  by 
0  proaoaro  of  the  water,  aa  tho  veaael  gradaally  sinks  while  tho  maaonr;  Is  helng  built  within  It. 


0  proaoaro 

1  themaaoi 


maaoary  la  oarrled  ap.  the  atrata  are  removed;  aad  abort  ones,  extending  from  the  sides  of 
HOB  to  the  OMOonry,  are  Inserted  la  their  plaoe.  When  the  caisson  is  shallow,  only  tho  upper 
of  braeoo  win  be  reqalrod;  they  also  support  a  platform  for  the  workmen  and  their  materlala. 


deep  ealmaae,  la  order  act  to  be  in  tbe  way  of  the  maaona,  the  outer  planklog  of  tbe  sidea  mav. 
part,  he  gradaally  bollt  op  aa  tho  maaonry  progreaaea.  It  may  sometimes  be  expedient  to  bolld 
*  miMaiy  haliov  at  flnt,  with  *hln  trrasvosao  waiU  inside  to  atifli^o  It  If  nooeosary  i  aad  to  com- 


Art.  16.     I 

•rhich,  if  giv^t. 
tome  discharge  \ 

In  channels  w 
about  midwav 
face.    Thisd/ai 
one  third  of  the  i 
the  width,  (say  1  i 
miaway  between  su 
approach  the  sun  i, 
upon  shallow  streai. 

-J**  '•**•  »><  • 
eroAs  seotfon 

i  can  be  placed  n, 

\        ,^el,  wi^eandd, 
J         low  ones.    In  ord- 
#         the  grear est  surf  V. 
^  (or  .8)  of  the  latter. 

«J»/ac«  floats  of  wav 
10  ft  wide,  and  8  fi  ■ 

JInsdIain,  reachii  — 

bottom  of  the  fln 

a  nearly  vert  p<.. 

;ec,  tho  rate  of  t  r 

the  center  vert  tlj 

with  Tela  of  the  v- 

was  ^«  than  thai 

te«.  about  as .«. 

While,  in  another 

rroiu  1.16  to  1.84  i 

ttaas  of  water,  al). 

ofaboutSft  per  ^ 

with  velsofabc.ii 

Charles  TA\v 

on  the  river.  In  .J 

8  to  7  miles  an  ho 

most  always  grea 

pbfained  with  Ifi,. 

being  about  2  per 
iJerefore  thattl). 
of  beingless,  isa- 
fie  however,emj. 
*f  bis  opinion,  r(, 
•trearos,  he  alwav^ 
European  trials 
rivers,  have  result, 
of  all  may  be  tak. 

if^^r^/'^/reatn.i 
"on,  (he  deepest  j, 
from  J  to  }o/ the,, 
Art.  17.    To  I. 
«»'e  stream  is  f,>r  > 

Mction ;  and  free  ^ .  mm.  «  »         , 

mZ^  ^J  *  seconds  -  -^^^  -  ^  »  1-  fr  rj 

block  of  wood)  1,1  i  -    "    —  »  ^  *• 

through  aome  pr '  -      ^         "^  -  ^J^  €  ^  ' 

mfmS?*^  ones.'wili  «  •  •       ^   ,^%  -»**• 

number  of  seconds,  ^  *     "*        .^L.^  <  ^. 

In  ft  or  ins  per  sec.  -     ^    ^^^^^  ^ 

Jp  that  the  flo7t  n'  T  -   "-    1^  —  •^^ 

float  Should  not  pr. .  '  ^'^.^^rTl  --^ 
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1^  mrlM  dr  thete  usimllj  rapports  a  platform  for  the  workmen,  windltMee.  Aoi 
f  flKfb  faAving  been  bnilt  on  land,  is  laauched,  taken  to  its  final  place,  and  sunk  bj 
itfg  •tonas  on  a  temporarj  platform  resting  on  the  cross-struts ;  the  bottom  of  the 
«UB  fa*Tiag  be«n  previoasly  levelled  ofl^  if  necessary,  for  its  reception, 
f  vravem  toaktoc  nndcr  the  bottom  of  the  orlb.  shMt-pUw  majr  be  driTra  sroand  It,  their  hMdi 
Mitac  a  few  fret  above  it*  botteoi ;  or  a  saMll  depoeit  of  ovtalde  paddle  laay  be  plaoed  aroand  It, 
^^Mva  at  the  etooe  dopoeita  1 1,  Fig  4.  Or  a  broad  flap  of  tarpaaJlo  mmj  be  eloaelj  nailed  around 
1  a  IllSle  abore  the  lower  edge  of  the  orlb;  io  arranged  that  It  maj  be  spread  out  looaelj  on  tho 
tPbei«»».  to  a  width  of  a  few  lint  all  aroand  the  oawlde  of  the  orlb :  and  tho  puddle  maj  be  placed 
9tt  ik.  gaah  a  t»rpaaUn  Is  aleo  vcfr  asefai  in  oaee  the  river  bettoai  1«  aomewhat  irregolar,  and 
<tast  ha  levallad  off  wiihoat  too  great  expenee ;  In  whloh  eaee  the  ertb  oannot  oome  to  a  full  bearing 
«•  Is;  aad  ooaeeyoaatlj  the  water  woald  leak  or  flow  beneath  freely.  It  U  eepeelallr  adapted  to 
4f«a  ro^  :  where  ■beet  pflee  oannot  be  driven.  An  artlfldal  stratam  of  Imperviont  soil  may,  bow* 
-m,  he  depoalted  om  bare  reek :  in  wbloh  eaiw  the  ainking  of  the  erlb,  aad  the  ubeoqnent  operatlone 
M  he  the  eaaae  as  oa  a  nataral  stratam.  Tbeee  expedients  are  evideotly  SMre  or  lees  appUaaMe  la 
oar  eases,  when,  to  avoid  repetkloa,  they  ate  aot  spssialiy  oMatioaed. 

1     Tmn^rvprsc   Sec      *- 


Pljmat  0110  and. 

>^  7  ill  mi<»tlier  crib  eoflTer-dibni ;  in  which  the  sides,  instead  of  being 
planked  longitodiijally.  as  in  the  last  instance,  are  sheathed  with  vortical  sheet-piles 
«.  drireo  after  the  crib  is  sank.  It  is  much  inferior  to  the  last,  owing  to  its  greater 
iwt^ty  to  leak.  In  one  of  this  description.  Fig  7,  successfully  used  in  16  ft  water, 
Che  dimensions  of  the  crib  were  34  ft  by  »)  ft    Along  each  long  side  were  7  uprights  t,  t, 

Li  J^°^*  12  ins  square,  12^  ft  apart.  Into  each  opposite  pair  of  these  were  notched, 
■ad  held  by  dog-irons,  9  cross-braces  e  c,  of  12  ins  square.  Tho  distance  between  the 
two  nppsr  ones  was  3  ft  in  the  clear ;  gradually  diminishing  to  18  ins  between  the 
Jj^o  lower  ones,  on  acooant  of  the  increased  pressure  of  the  water  in  descend! ne  On 
the  OQtaide  of  the  uprigfata,  and  oppoiite  the  ends  of  the  braces,  were  bolted  Tongi* 


SECTION. 


Ridlnal  timbers  to  support  the  outside  pressure  acainst  the  3-inch  sheet-piling  ss. 
Other  longitudinal  pieces  o  o,  confine  the  heads  of  the  sheet-piles  to  the  top  of  the 
^b  after  they  are  driven.  The  feet  of  the  she4*t-piles  were  cut  to  an  angle,  as  at  m ; 
to  make  them  draw  close  to  each  other  at  bottom  in  driving- 

The  sheet-piles  will  drive  in  a  far  more  regular  and  satisfactory  manner,  with  the 
arrangement  shown  in  Figs  &  Hereo  o  are  the  uprigb  ta;  c  c  are  pairs  of  longitudinal 
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ladMd, 


•rMekwOTk.lna 


;,aiVtt">bt 


> 


ffiBtk•tB»«1m•Bftwr•lakllkf  th*«lH.  .  .      . 

t  hollow  at  flnt,  rMtlnc  oa  the  pUUbrm ;  tho  teoMmrj  lta«If  ferarini  the  ddei  of  tte  wJ— . 
Or  the  itdM  may  oootUt  of  a  water-Ugbt  oatinf  of  Iron,  or  vood,  of  tb«  thape  of  th«  tateaded  ptor, 
to.  Thte  easing  being  oonttncd  to  the  platTorm,  beoomei.  In  fact,  m  nooM,  In  whlefa  the  pier  i^r  bt 
formed,  and  sunk  at  the  same  time  by  filling  it  with  hydtmollc  concrete.  SV»r 
eoneret«  foandibiiOBii*  see  Concrete. 

4»B  vmk.  WttMi  tbe  under  timbera  of  the  platform  aaj  be  eat  to  eolt  the  lrreg«larit«s 
ae  alTCBtU  etated  under  *'  Orlbe."  Or  the  bottom  Btaj  be  levelled  np  hj  tm  depoBMag  large  it  nan 
ftronnd  the  area  apon  whidi  the  oaiaaon  is  to  rest ;  and  tben  Ailing  between  these  with  ffT^^ffer  etoaea 
and  grarel;  testing  the  depth  bj  soanding.  Or  a  level  bed  of  cement  oenorete  nay,  with  aare,  be 
depoeited  in  the  water.  If  there  are  deep  nanwv  erevieea  In  the  raek,  throagh  vhfah  the  « 
..      edwfthfc         ••       —  •     ■    ■  '      - 


I,  tbey  Biay  be  flnt  eovered  f 
ButlBtheo 


k  larpanUn. 


Diving  belU  mav  ofMa  be  need  to  ndvant^^ 
-  roefc,  U  wUi  oftea  be  b ^ 


b  all  svoli 

Talvee  tor  tbe  admieslon  of  water  fbr  dnking  the  ealeeea  are 
usually  (ntrodoeed.  If,  afler  alaldng,  ft  should  be  neeessaiy  to  again  raise  tbe  whole,  it  is  oaly 
Dcoessary  to  cloee  Uie  valvee,  and  pump  out  tbe  water.  Guide  pilee  may  be  driven  aad  bvwoeA  ajei^ 
eMe  of  the  eaissoa.  to  ineure  iu  aiaUng  vertleally,  aad  aft  the  proper  epoc  Or  it  aiay  be  leaaeed  b» 
aorews  supported  by  strong  temporary  nramework. 

Aeenming  the  uprigbts  I.  T.  Ae,  Fig  S.  to  be  enfletaally  bmoad,aa  ale^^  Fk  T»  \ 
wUl  show  the  thiekness  of  Blanking  neoeesary  f<«r  dlflbreet  dletenoeB  apert  of  tbe 
alear,)  to  iaeare  a  eafe^  of  six  against  the  preesnre  of  tbe  water  at  dlirerent  di . 
Moae  time  net  to  bend  inward  under  eeld  preeeare,  more  tbaa  7^  part  of  the  distaooe  to  whloh 
ttiey  stretoh  Arom  upright  to  upright;  or  at  the  rate  of  X  laoh  la  10  ft  etreteh ;  M  ii 
8neh  a  table  maj  be  of  aae  la  other  mattora. 


(  iaeh  ta  ft  fl,  *ab 


T»ble  of  thielEiieM  of  white  pine  planlc  required  net  te  bend 
~  B  elear  111 

(Original.) 


i»re  tbaa  xiir  P*^'*  ^^  '^  elear  boriaentel  etreteb, 
kbeiMber  ^^  ■  ■    - 


fUlltereiftt] 
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1 

in  Ft. 

« 
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I  are  encloauree  from  which  the^water  may  he  pumped  out,  to  m 

I  of  oonne  rtaim 


Ceflter-da .       . 

to  allow  the  work  to  be  done  in  the  open  air.  Their  constmction  < 
greatly.  In  gtill  shallow  water,  a  mere  well-bnllt  bank  of  clay  and  gravel;  or  of 
DagR  partly  filled  with  those  materials  when  there  is  much  oorrent,  will  aaewer 
every  purpose ;  or  (depending  on  thedepth )  a  sinsle  or  donUe  row  of  sheet-piles ;  or  of 
squared  piles  of  larger  dimensions,  driven  touciiing  each  other;  their  lower  ends  a 
few  feet  in  the  soU ;  and  their  npper  ones  a  litUe  above  high  water,  and  protected 
outside  by  heaps  of  gravelly  soU  or  puddle,  (as  at  P  in  Fig  7,)  to  prevent  leaking. 
The  sheet-piles  migr  be  of  wood;  or  of  cast  iron,  of  a  strong  form. 

The  uttAcleiicy  of  a  mere  baak  of  well*pad(ed  eartb  In  stUl 
wstar.  is  dMwn  by  the  embankments  or  levees,  to  prevent  riveft  from  ovstfleiitog  adJaoHit 
low  Isnds.  Tbe  levees  along  fM  miles  of  tbe  Mimialppl  avenge  about  6  ft  blgh;  8  ft 
wide  oa  top:  side-dopes  IVii  to  1.  lb  floods  tbe  river  frequently  bmH  tfaroogh  thaa, 
doing  Immense  damage.    They  are  entirely  too  illgtit. 

Tbe  method  of  a  single  low  of  U  by  12  iDcfa  squsiid  pOcf.  ddnn  In  «ODtMt  wltfe 
each  other,  (doie  piles,)  and  simply  backed  by  an  outer  daposit  ef  lapsnleia  toll, 
is  veiy  effective:  and  with  the  addition  of  interior  eraos-braees  or  straH*  Uhs  c  €t>  If 
r,  to  prevent  cnublng  inwsrd  by  tbe  outside  picsue  of  the  water  and  podOe  «!■■ 
pumped  out,  has  been  luooeiaftilly  employed  In  from  V  to  8  ft  depth  ef  water,  la 
wblflh  ttaeie  was  not  auflldeot  omoit  to  weeh  airay  the  puddle,  lbs  aoa-toaees 
are  tneerted  eueoeeeively,  as  the  wader  Is  belnff  pompod  out;  beginnliif.  «C  eootee. 
with  the  upper  onei.  Tbe  ends  of  tfame  braeei  maj  ebut  on  tongltndbal  tfaabefi.  bolted 
to  the  piles  for  the  purpose.  Another  method  is  a  stroas  erlb* 
eoovMeed  of  oi>rights  fraaeed  Into  caps  and  aOls;  and  ooveied  outaide  with  equeied 
tlnben  or  plenk.  laid  toocMnf  each  other,  and  well  ealhad;  at  te  the  eetseen.  Pig 
fl;  but  vdtbout  a  bottom.  Betivecn  tbe  oppoeite  pairs  of  uprighta  are  itoeBg  Intarier 
)  e  C  Fi«  r,  reacfahig  from  side  to  aide,   to  prerent  craridnf  Imraid.    The 
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n»p«r  ■erlM  df  Umm  nniallj  supporto  a  platform  for  the  workmen,  windlaeaee.  Aoi 
TIm  crib  having  been  bnilt  on  land,  is  laaucbed,  taken  to  its  final  place,  and  sunk  bj 
piling  atones  on  a  tempoimry  platform  resting  on  the  cross-struts ;  the  bottom  of  the 
stream  hATing  been  previoosly  levelled  ofl^  if  necessary,  for  its  reception. 

T«  nrvveat  Icaklag  oado-  the  boMosi  sf  tke  orik.  theM-pllM  mmj  ke  <lrtTra  armind  ii,  tktlr  bMdi 
ssiw^lag  a  few  fett  above  iM  boUttm ;  or  a  tSMil  dopooti  of  ovuldo  jpoddle  way  be  plaoed  arouod  It, 
M  ah»wn  at  the  stone  depoeiu  I  f.  Fig  i.  Or  a  broad  flap  of  tarpaojla  maj  be  eloeelj  nailed  around 
«ad  a  little  aboTe  tbe  lower  edge  of  tbe  erlb ;  ao  arraond  tbat  tt  maj  be  spread  oat  loosely  on  tbe 
rfvcr  bott— .  to  a  wtdtb  of  a  few  taet  all  aroaad  the  oatelde of  tbs  erib;  and  the  puddle  naj  be  plaeed 
■pea  Ik  8«oh  a  larpaalla  Is  also  Tcfr  oeefai  in  oas^  the  river  bouom  is  somewhat  irregalar,  and 
•■■■M  be  lerellad  off  withoat  too  great  enenae ;  in  whteh  ease  the  erlb  oannot  oome  to  a  full  bearing 
■pea  U:  aad  ooaaeyoeatlj  the  water  would  leak  or  flow  beneath  flrcelj.  It  is  espeeiallr  adapted  to 
■aevwB  rwA  :  where  sheet-piles  eaooot  be  drlTen.  An  artlfldal  stratum  of  Imperrious  soil  maj,  bow- 
eror.  be  depeelted  oa  bare  reek :  in  wbleh  eaue  tbe  sinking  of  the  erib.  and  the  subsequent  operations 
win  be  the  saie  as  oa  a  nataral  stratom.    These  ezpedlenta  are  evidently  aiere  or  lest  appUoaMe  la 


,  when,  M  avoid  rtpttklon,  Ihsy  art  aot  spsaisiiy  meatloaed. 


4        Plan  Ai  one  cncL ,        & 

Flff  7  iflf  »iB<»tlMr  crib  eoflfer-diUB  ;  in  which  the  sides,  instead  of  being 
pUnked  longitncUually.as  in  the  last  instance,  are  sheathed  with  Tortical  sheet-piles 
s,  driren  after  tbe  crib  is  sank.  It  is  much  inferior  to  the  last,  owing  to  iu  greater 
liAbili^  to  leak.  In  one  of  this  description.  Fig  7,  succeesfullv  used  in  16  ft  water, 
the  dimensions  of  the  crib  were  34  ft  by  81)  ft  Along  each  long  side  were  7  uprights  t,  t, 
10  ft  long,  12  ins  sqnare,  12^  ft  apart.  Into  each  opposite  pair  of  these  were  notched, 
and  held  by  dog-irons,  9  cross-braces  e  e,  of  12  ins  square.  The  distance  between  the 
two  ni^^er  ones  was  3  ft  in  the  clear;  gradually  diminishing  to  18  ins  between  the 
two  lower  ones,  on  acooant  of  the  increased  pressure  of  the  water  in  descending.  On 
the  oataide  of  the  aprighta,  and  oppoiilo  the  ends  of  the  braces,  were  bolted  Tongi* 

T  P  1* 


HMliaal  timbers  to  support  the  outdde  pressure  acainst  the  3-inch  sheet-piling  »§. 
Other  longitudinal  pieces  o  o,  confine  the  heads  of  the  sheet-piles  to  the  top  of  the 
erib  after  they  are  driven.  The  feet  of  the  she4*t-piles  were  cut  to  an  angle,  as  at  m ; 
to  make  thtm  draw  close  to  each  other  at  bottom  in  driving. 

Thesheet-piles  will  drive  in  a  far  more  regular  and  satisfactory  manner,  with  the 
arrangement  shown  in  Figs  8.  Here  o  o  are  the  uprigh  ts;  c  c  are  pairs  of  longUudiual 


) 
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pieces,  notched  and  bolted  to  the  uprights,  near  both  their  tops  and  ibelr  feet;  tad 
at  as  manv  intermediate  points  as  may  be  desired.  The  sheet-piles  I,  are  inserted 
between  these ;  and  of  oourse  are  guided  during  their  descent  much  more  pettbeUj 
than  in  Fig  7. 

When  the  current  is  too  strong  to  permit  the  use  of  outside  puddle,  P,  Fig;  7,  the 
principle  of  coffer-dam  shown  in  Fig  9,  is  generally  used ;  in  which  both  sSdes  of  the 
puddle  are  protected  firom  washing  away.  The  space  to  be  enclosed  by  the  dam  is  sur- 
rounded by  two  rows  of  flrmly-dnven  main  piles  p  p,  on  which  the  strength  chiefly 
depends.  They  may  be  round.  In  deciding  upon  their  number,  it  must  be  remem- 
bered that  they  may  have  to  resist  floating  ice,  or  accidental  blows  from  Tesaela,  Ac. 
With  reference  to  this,  extra  /ender-piles  may  be  diiren.  A  little  below  the  tops  of 
the  main  piles  are  bolted  two  outside  lonsitudiDal  pieces  w  to,  called  walet;  and  o|)pv 
site  to  them  two  inner  ones,  as  in  the  fig.  The  outer  ones  serve  to  support  crofl»> 
timbei-8  t  tf  which  unite  each  pidr  of  opposite  plies,  and  steady  them ;  and  prevent 
their  spreading  apart  by  the  pressure  of  the  puddle  P.  The  inner  ones  act  as  g:Qidei 
for  the  sheet-piles  s  «,  while  being  driven ;  after  which  the  be^s  of  the  sheet>nilee 
are  spiked  to  them.  In  deep  water  these  sheet-piles  must  berrery  stout,  say  18  ins 
square ;  to  resist  the  pressure  of  the  compacted  puddle. 

A  iranffwa  J  m,  is  often  laid  on  top  of  the  cross-pieces  1 1,  for  the  use  of  the 
workmen  in  wheeling  matarials,  Ac.  The  puddle  P  is  deposited  in  the  water  in  the 
space,  or  boxing,  between  the  sheet-piles.  It  should  be  put  in  in  layers,  and  com- 
pacted as  well  as  can  be  done  without  causing  the  sheet-piles  to  bulge,  and  thus  open 
their  Joints.  The  bottom  of  the  puddle-ditch  should  be  deepened,  as  In  the  flg,  in 
case  it  consists,  as  it  often  does,  of  loose  porous  material  which  would  allow  water  to 
leak  in  beneath  it  and  the  sheet-piles.  This  leaking  under  the  dam  is  ftnequeatly  a 
source  of  much  trouble  and  expense.  Water  will  find  its  way  readily  through  almost 
any  depth  and  distance  of  clean  coarse  gravelly  and  pebbly  bottom,  unmued  with 
earth.  Sand  is  also  troublesome ;  and  if  a  stratum  of  either  should  present  itself  ex- 
tending to  a  great  depth,  it  will  generally  be  expedient  to  resort  to  either  aimple 
cribs.  Fig  4;  or  to  caisBons;  with  or  without  piles  in  either  esse,  according  to  cir> 
cumstances.  But  if  such  open  gravel,  or  any  other  permeaUe  or  shifting  materia], 
ss  soft  mud,  quicksand,  Ac,  is  present  in  a  stratum  but  a  few  feet  in  thlcknessi  and 
underlaid  by  stiff  clay,  or  other  safe  material,  leaking  may  be  prevented,  or  at  least 
much  reduced, by  driving  the  Bheeting*piles  2 or  S  ft  into  this  last;  and  by  deepening 
the  puddle-trench  to  the  same  extent.  It  may  sometimes  be  better,  and  more  con- 
venient, to  dredge  away  the  bad  material  entirely  ftom  all  the  snace  to  be  enclosed 
by  the  dam,  and  for  a  short  distance  beyond,  before  commencing  tne  oonstmction  of 
the  latter.  If  the  dam.  Fig  9,  is  (as  it  should  be)  well  provided  with  crose  biin.ee, 
like  c  e,  Fig  7,  extending  across  the  enclosed  area,  the  thickness  or  width  o  o  of  the 
puddle,  need  not  be  more  than  4  or  5  feet  for  shallow  depths :  or  than  6  to  10  ft  for  great 
ones:  because  its  use  is  then  merely  to  prevent  kaking.  But  If  there  are  no  braces, 
it  must  be  made  wider,  so  as  to  resist  vptetting  bodilT;  and  then,  with  good  pnddle, 
o  o  may,  as  a  rule  of  thumb,  be  Ji  of  the. vertical  depth  o  2  below  high  water:  except 
when  this  gives  less  than  4  ft;  In  which  case  make  it  4  ft;  unless  more  should  be 
required  for  the  use  of  the  workmen,  for  depoeiti  ng  materials,  Ac.  Or  if  the  excmvmtion 
for  the  masonry  is  sunk  deeper  than  the  puddle,  the  dam  must  be  wider;  elee  it  nay 
be  upset  into  the  excavated  pit. 

The  exravAl<«iI  soli  may  be 

ralMd  to  boeketa  bj  wiodlaMM,  or  by  hand.  In 
itieoeaslTe  ■uge«.  Tbe  pomps  may  m  worud 
by  band,  or  by  tteam,  aa  tbe  oa«e  may  reanire; 
a*  aiM  tbe  wlodlaMaa  generally  needed  for 
lowering  mortar,  itone.  mo.  More  or  lees  leak- 
ing may  always  be  aotloipated,  notwitbslanding 


where  a  ooller-dam  u  expoeaa  to  a  Tioient  J-.^^^^^^^^^^^^^^.M-mk      ^n 

rarrent,  and  great  danger  ftx>m  iee.  fto,  tbe  ex-  HMM||n^Bg«|gjMMM|H  j|imj||| 

eenaire  m<ide  ibown  la  Pl«e  10  mar  beeome  ^^^^^^^^^^^^^^^^^^        ^ 


every  preoauuon. 

Wh< 

rarrei   .         „ 

peoeire  mode  ibown  la  Pige  10  may  beeome 

neoesaary.  Tbe  two  blaek  reotanglea  e  e,  repre> 

•ent  two  Hnea  of  rongb  eribs  Blled  with  atone. 

and  rank  In  podtion;  one  row  being  eoelneed 

by  tbe  other;  with  a  BpeoeMTeral  feet  wide  be.  PP       — ^--^-^  .  - 

tween  them.    Sheet- pllee  p  p  are  then  drtrea  •*■  *' 

aronnd  tbe  opposite  faoes  of  the  two  rows  of 

■rlbfl :  and  the  paddle  Is  depoolted  within  tbe  bojclog  thns  provided  IWr  It.  as  shown  In  the  flg. 

Where  tbe  onrrent  Is  nut  strong  enough  to  wash  away  gravel  baoklng,  we  may.  on  rook  eepecialH, 
Oedose  the  spoee  to  be  bnllt  on.  by  a  single  qnadraagle  of  otIIm  sank  by  ston«:  and  aOer  adepttag 
pnoantlons  to  prevent  tbe  gravel  tnm  being  pressed  In  beneath  the  oribs,  apply  the  baaklof  .• 

Figs  10^  show  the  plan,  outside  Tiew,  and  transverse  section,  to  a  scale  of  20  ft  to 
an  Inch,  of  a  coffer  dam  on  rock,  in  8  to  9  ft  water,  used  successfhily  on  the  SdioylkU: 
Navigation. 

*  '^  P^!l")'*°  «^rw  graTol  is  entirely  anftt  tar  eneh  parpoaes.  ▲  eoBaldarabls  prepw Hun  el 
•arlh  fa  eaaeatlal  for  pwveBtlag  leaks* 
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Cofl^r-dlHU  on  roclc*  nprlf  bU  &,  sboat  l  n  mimt*.  ud  lO  n  aputfrooi  enitartoeealw 
tloog  Um  aldatfof  the  dam ;  «ad  10  ft  in  the  dear,  tranaveraei  v  of  the  dam,  support  two  Un«*  of  borl* 
aoatal  utxintjen,  i  i :  laalde  of  whleh  art  tta*  tvo  Haes  of  thwitlog-pilea.  a  a,  encloaiof  between  then 
a  width  of  1  ft  of  grarel  paddle.    Two  flat  Iron  ban  (f  <,  of  tbs  tranaveraa  aeetioa)  tic  together  eae^ 


.        r  nan    .  _  . 

jair  of  nprlfbta  6  6.  Tbeae  ban  an  H  Ineb  iblek,  bv  t\i  tna  deep,  and  9  ft  long.  Their  hooked  endi 
«  ivto  eye-bolU  e,  vbieh  paaa  through  the  nprtghia  6;  oaulde  of  whteb  Mttj  are  faaiened  by  ltejs.k, 
<aee  dMaU  sketch.)  Between  the  kejrs  and  6,  wen  waahen.  At  the  eornen  of  tlie  dam  (aee  plan) 
were  additional  tie-ban,  as  ahown.  A  amaU  band  of  atraw,  aa  aeen  at  y.  wrapped  around  the  tle- 
bart  Jaat  Inabte  of  the  abeet-plles ;  and  kept  in  place  by  the  puddle ;  elfcotaaUj  prevented  the  leaking 
«hi4h  g«nerallj  proToa  ao  troableaome  In  saeh  oaaes.  The  atont  oblique  braoea,  oo^  were  merely 
•piked  to  the  outaide  fteoee  of  the  uprighu  6.  They  an  not  abowa  in  the  tranavcrae  aeetloo.  Tbla  dam 
wan  bniU  oa  ahore;  in  aeetiona  SO  to  40  ft  long.  Theae  were  floated  into  place,  and  weighted  down, 
•hr«t  piled,  and  puddled  with  grareL  The  dam  had  sluicet  by  which  water  waa  admitted  when 
mccimerr  for  preraottng  the  ontaide  head  fh>m  ezceeding  9  ft.  The  lengths  of  tbe  nprlghie  6  6  were 
Intf  fooad  by  oarafttl  ■eandiags. 


b  TR.SEC^ 


OUTSIDE 


PLAN 


Tbe  moorlnff  of  Iibrir«  ealasons  or  crllM,  preparatory  to  ginking 
tbam,  is  sometlmeg  troablesoma,  etpecially  in  strong  cnrrentii.  It  may  be  necM- 
lary  to  drire  clamps  of  piles;  or  to  teroporarilv  sink  rough  cribs  filled  with  stone, 
to  which  to  attach  the  long  guide-ropes  by  which  the  manoeuvriug  into  position,  Ac, 
M  done.  Frequently  dams  are  left  standing  after  the  work  is  done ;  if  not  in  the  vray 
of  narigation,  or  otherwise  objectionable ;  inasmuch  as  the  materials  are  rarely  worth 
the  expense  of  remoral.  But  if  remoTed,  the  piles  should  not  be  drawn  out  of  the 
gronnd ;  bat  \»  cut  nff  close  to  rirer  bottom ;  for  if  drawn,  the  water  entering  their 
holes  may  soften  the  soil  under  the  masonry.  It  is  often  expedient  to  drive  (wo 
rows  of  piles  from  the  dam  to  the  shore,  for  supporting  a  gangway  fur  the  workmen ; 
or  eren  for  horses  and  carta ;  or  Ibr  a  railway  for  the  easy  delirery  of  large  stones,  kc 

Colfer-dAnui  mibj-  be  Manic  throaffh  n  80fl  to  a  flrm  soil,  in 
shjqM  of  a  box  of  cribwork,  either  rectangular  or  circular,  and  without  a  bottom. 
This  being  stronglv  pat  together,  and  prorided  with  proper  temporary  internal 
bracing,  (to  be  gradaally  remored  as  the  masonry  is  built  up,)  is  floated  into  place; 
and  after  being  loaded  so  as  to  rest  on  the  soft  bottom,  is  sunk  by  dredging  out  tlie 
•oft  material  from  insido.  Additional  loading  will  sometimes  be  required  for  over- 
comioff  the  friction  of  tbe  soil  against  the  outside ;  or  it  may  even  become  necessary 
to  dredge  away  some  of  the  outer  material  also.  On  rock  it  may  at  time»  be 
expedient  to  drill  holes  in  deep  water,  for  receiving  the  ends  of  pi1e«.  or  of  iron  rods, 
Ac.  This  mav  be  done  bv  means  of  long  drill-rods,  working  in  an  Iron  t'llie  or  pipe 
sunk  as  a  guide  to  the  rod;  with  its  lower  end  over  the  sfmt  to  be  l>or«d  Or  a  diving- 
bell  may  be  aaod.  Or  n  ey  lln<lor  of  staves  4  to  12  inches  thiok.  long  enough  to 
reach  Move  thecarface,  and  having  abroad  tarpaulin  flap  or  apron  around  its  lower 
edge,  to  be  corered  wilJi  gravel  to  preTent  leaking:  may  be  sunk,  and  the  water 
p»mped  out,  to  allow  a  workman  to  descend,  and  work  in  the  open  air. 

PilOfl.  When  driven  in  close  contact. as  in  Fig  11,  for  preventing  leakage:  for 
oooflniog  pnddle  in  a  coffer-dam :  or  for  enclosing  a  piece  of  soft  or  sandy  ground,  to 
preTentits  spreadiMg  when  loaded ;  or  if  the  outside  soil  should  wash  away  from 
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around  them,  Ao,  they  are  called  slieet-ptl«s.    GeaeraUx  these  an  tUnireB 

thaa  they  are  wide; 
but  firequently  they  are 
square ;  aud  as  larae  as 
bearing  piles;  ana  are 


Smiles.  Tomakelhem 
rive  tight  together  at 
foot,  they  are  cut  ob- 
liquelT  as  at/.  Occa- 
sioually,  wheu  driven 
dowu  to  rock  through 
soft  soil,  their  feet  are 
in  additiou  cut  to  an 
edge,    as   at   i,   no   as  FlfTll 

to    become   somewhat 

bruised  when  they  reach  the  rook,  and  thus  fit  closer  to  its  surface.  Their  heeds 
are  kept  iu  line  while  driving,  by  means  of  either  one  or  two  longitudinal  piec«e 
a  and  o,  called  wales  or  stringera.  These  wales  are  supported  by  pov^e^pOe*, 
or  ffuide-pUe*f  previously  driven  in  the  required  line  of  the  work,  and  seveiml 
ft  apart,  for  this  purpose.    See  Figs  8. 

A  dogr-lron  d,  of  round  iron,  may  also  be  used  for  keeping  the  edgee  of  the 

piles  close  at  top  to  t  hose  pre v  iously  d  riven ,  both  du  ring 

and  after  the  driving.    Its  sharp  ends,  cc,  being  driven  p^d 

into  the  tops  of  the  wales  w  t^,  (shown  in  plan, )  it  holds  *     ^ 

the  descending  pile  o  firmly  in  place.    At  n,  d,  p,  Fig  *^^ 

11.  are  other  modes  occasionally  used  for  keeping  the  ^1 

piles  iu  proper  line.    Atp,  the  letters  **  denote  small      I 

pieces  or  iron  well  screwed  to  the  piles,  a  little  above  wl 

their  feet,  to  act  as  guides;  very  rarely  used.    At  m      ^ 

are  shown  wooden  tongues  i  I,  sometimes  driven  down  Wig  IS 

between  the  piles  after  they  themselves  have  been 

driven ;  to  assist  in  preventing  leaks.    In  some  cases  sheet'^ttles  are  employed 

without  being  driven.    A  trench  is  first  dug  to  their  full  depth  for  receiving 

them ;  and  the  piles  are  simply  placed  in  these,  which  are  then  refilled.    Closer 

Joints  can  l)e  secured  in  this  manner  than  by  driving. 

When  piles  are  intended  to  sustain  loads  on  their  tops,  whether  driven  all  their 
length  ioto  the  ground,  or  only  partlr  so,  as  In  Fig  8,  they  are  called  b«»rl«ir 
piles.  They  are  generally  round ;  from  9  to  18  Ins  dlam  at  top ;  and  should  be 
strni^'ilt,  but  the  bark  need  not  be  removed.  White  pine,  spruce,  or  eren  hem- 
lock, aii!«wer  very  well  in  soft  soils ;  good  yellow  pine  for  firmer  ones;  and  bard 
oaks,  elm,  beech,  Ac,  for  the  more  compact  ones.  They  are  usually  driven  from 
about  2V^  to  4  ft  apart  each  way,  from  center  to  center,  depending  on  the  char- 
acter of  the  soil,  and  the  weight  to  be  sustained.  A  tre«d*wlieel  la  more 
economical  than  tlie  winch  for  raising  the  hammer,  when  this  is  done  by  men. 
Moriii  found  that  the  work  performed  by  men  working  8  hours  prr  day,  was 
8900  foot-pounds  per  man,  per  minute  by  the  tread-wheel;  and  only  2600  by  a 
winch. 

Af)ter  piles  Imve  been  driven,  and  their  heads  careftilly  sawed  ofT  to 
a  level,  if  not  under  water,  the  spaces  between  them  are  In  important  casee  filled 
up  level  with  their  tops  with  well  rammed  gravel,  stone 
spawls,or  concrete,  in  order  to  impart  some  sustaining 
power  to  the  soil  between  the  piles.  Two  ootimes  or 
stout  timbers  (from  8  to  12  ina  squar^  according  to  the 
weight  to  be  carried)  are  then  bolted  or  treenalled  to 
the  tops  of  fhe  piles  and  to  each  other,  as  shown  In  the 
Fig,  forming  what  Is  called  a  iri*illiMr«*  On  top  of  these  is  bolted  a  floor  or 
platform  of  thick  plank  for  the  support  of  the  masonry ;  or  the  tlrahers  of  the 
upper  course  of  the  grillafre  may  he  laid  close  tocether  to  fonn  the  floor.  The 
space  below  the  floor  should  alno,  in  Important  ca««s,  be  well  packed  with  gravel, 
spawls.  or  concrete.  If  nnder  iprnter,  th4»  pil<>s  are  sawed  off  by  a  diver,  or 
by  a  circular  saw  driven  by  the  engine  of  the  pile-driver,  and  the  grillage  is 
omitted.  Instead  of  it  the  roawnry  or  concrete  may  he  built  in  the  open  air  in 
a  caisson,  which  gradually  sinks  as  it  becomes  filled ;  or  on  a  strong  platform 
which  is  lowered  upon  the  piles  by  screws  tm  the  work  progresses,  dr  a  utrong 
caisson  mav  first  he  sunk  entirely  under  water,  and  then  be  filled  with  concrete, 
up  to  near  low  water;  the  caisson  being  aIlowe<1  to  remain.  Or  the  caisson  may 
form  a  cofferdam,  to  be  first  sunk,  and  then  pumped  out.   If  the  ground  is  llabls 
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to  wasb  awaj  from  around  the  pUea,  as  in  tb*  0Mi»of  bridge  plan,  Ac,  defend  H 
by  abeeUpileB,  or  rip>rap,  or  both. 

Tlie  cost  of  m  IIoaUiis'  stesm  pile  drlTer,  soow  24  ft  bj  60  ft.  draft 
18  ina,  wiib  one  engine  for  driving^  ano  one  (to  save  time)  for  gettiug  atiotber 
pUe  ready  ;  with  one  ton  hammer,  u  about  96000 ;  and  $600  more  will  add  a  civ* 
^ular  aaw,  Ac,  for  sawing  off  piles  at  anv  reqd  depth.  Beqoires  engiuenian,  cook, 
and  4  or  5  others.  Wlifburn  about  half  a  ton  of  coal  per  day.  Dririiig  20  feet 
into  graToI,  and  sawing^off,  will  ayerage  from  15  to  20  piles  per  day  of  10  hours. 
In  mud  about  twice  as  many.    On  land  about  half  as  many  as  in  water. 

In  ike  fr*B*PAWder  pile  drlTer  inyeuted  by  the  late  Mr.  Thomas  Shaw, 
of  Philadelphia,  the  luonmer  is  worked  by  small  cartridges  of  powder,  placed  one 
by  one  in  a  receptacle  on  top  of  the  pile;  and  exploded  by  the  hammer  itselt 
It  can  readily  make  80  to  40  blows  of  5  to  10  ft  per  minute;  and,  since  the 
hammer  does  not  come  into  actual  contact  with  the  piles,  it  does  not  injure  their 
heada  at  all;  thus  dispeosinc  with  iron  hoops,  Ac,  for  preserving  them.  When 
only  a  slight  blow  is  required,  a  smaller  cartridge  is  used.  To  drire  a  pile  20  ft 
into  mud  averages  about  oiie>tfaird  of  a  pound  of  powder;  into  gravel,  4  times  as 
much.  This  machine  does  not  assist  in  raising  the  pile,  and  placing  it  in 
position,  ss  is  done  by  ordinary  steam  pile  driyers ;  the  latter,  however,  ayerage 
bat  fnun  6  to  14  blows  per  minute. 

Pile*  hisTe  been  drives  by  exploding  small  charges  of  dynamlAe 
l^d  upon  their  heads,  which  are  protected  by  iron  plates. 

Meam-liMniBer  pile  driven,  omratinc  m  tbe  prfnelple  ef  Hiaft  dsrised 
by  Vmmm^jtU  about  IBM,  are  eoonomios4  in  driving  to  great  depths  in  difficult 
soils  where  there  are  say  200  or  more  piles  la  clusters  or  rows,  so  thai  the  mschine 
can  readily  be  moved  from  pile  to  pile. 

The  steam  ejrllnder  is  upright,  aud  is  oonAned  l>etween  the  upper  ends  of  two 
vertical  and  parallel  I  or  channel  beismfl  about  6  to  12  ft  long  and  18  ins  apart, 
the  lower  ends  of  which  confine  between  them  a  hollow  conical  **  bonnet  east* 
Ina^,**  which  fits  over  the  h«ad  of  the  pile.  This  casting  is  open  at  top, and  through 
it  the  hammer,  which  is  fastened  to  the  foot  of  the  piston-rod,  strikes  the  bead  of 
the  pile.  Bach  of  the  vertical  beams  encloses  one  of  the  two  upright  guide-timbers^ 
or  **  leaders,**  of  the  pile  driver,  between  which  the  driving  apparatus,  above  d» 
scribed,  is  free  to  slide  up  or  down  as  a  whole. 

When  a  pile  has  been  placed  in  position,  ready  for  driving,  the  bonnet  casting  la 
placed  upon  ite  bead,  thus  bringing  the  weiglit  of  the  beams,  cylinder,  hammer, and 
casting  upon  the  pile.  This  weight  rests  upon  the  pile  throughout  the  driving,  the 
apparatus  sliding  down  between  tlie  leaders  as  ths  pile  descends. 

The  steam  is  convejed  from  the  boiler  to  the  cyl  by  a  flexible  pipe.  When  it  Is 
admitted  to  the  cyl,  the  hammer  is  lifted  about  90  or  40  ins,  and  upon  its  escape  the 
hammer  falls,  striking  the  head  of  the  pile.  About  60  blows  are  delivered  per  min* 
nte.  The  hammer  is  pn>yided  with  a  trip-piece  which  automatically  admits  steam 
to  the  cylinder  after  each  blow,  and  opens  a  valve  for  iu  escape  at  the  end  of  the 
np-stroks.  By  sltering  the  at^ustment  of  this  trip^iece,  the  length  of  stroke  (and 
thus  the  force  of  the  blows)  can  be  increased  or  diminished.  The  admission  and 
escape  of  steam,  to  and  from  the  cyl,  can  also  be  controlled  directly  by  the  attendant. 
The  number  of  blows  per  minute  is  increased  or  diminished  by  regulating  the  sup- 
ply of  steam. 

In  making  the  up-stroke,  the  steam,  presaing  against  the  lower  cyl  head,  of  course 
presses  downward  on  the  pile  and  aids  ite  descent. 

The  eblef  ad  van  t  age  of  these  nsaehlnea  lies  in  the  great  rapidity 
with  which  the  blows  follow  one  another,  allowing  no  time  for  the  disturbed  earth, 
sand,  ike,  to  recompact  Itoelf  aronnd  the  sides,  and  under  the  foot,  of  the  pile.  This 
enables  the  machines  to  do  work  which  cannot  be  dune  with  ordinar}'  pile  drivers. 
They  have  driven  Norway  pine  piles  42  ft  into  sand.  They  are  less  liable  than 
others  to  split  and  broom  the  pile,  so  that  these  may  i>e  of  softer  and  cheaper  wood. 
The  bonnet  casting  keeps  the  head  of  the  pile  constantly  in  place,  so  that  the  piles 
do  not  *'  dodge  **  or  get  ont  of  line.  Their  heads  have,  in  some  caees,  been  set  on  fire 
by  the  rapidly  succeeding  bloa'S. 

Theae  maehlnea  eonanme  fh>m  1  to  2  tons  of  eoal  in  10  hours,  and 
require  a  erew  of  6  men.  They  work  with  a  boiler  prcsanre  of  fron 
fiO  to  75  lbs  per  sq  inch. 
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Roles  f»r  the  Anstalnlnff  Power  of  Piles. 

fb«r  dlflte-  verj  much.    No  ral«  can  apply  eorrcctly  to  all  oonditloo*.    Tke  greoad  ItMlf  b« 
Iha  piles.  In  bmmI  mum,  tnpporU  a  part  of  ttaa  load ;  althongb  tbe  irbola  af  U  Is  usoally  i 


.  rapporU  a  part  _ 

the  piles.  Again.  !a  verj  elajey  •oils,  there  is  gnater  llabilitr  to  sinlc  somewliat  with  the  l&i 
ttnie,  in  eoasequpnee  of  the  admistiou  of  wsterlwtween  the  pile  and  the  clay ;  thus  dimluiahli 
Metlon  between  them.  The  lets  flrin  the  soil,  the  more  will  the  piles  be  a(R>eted  by  trenrora  ;  \ 
also  tend  in  time  to  oaase  slviiiug  In  eome  easea  this  sinliing  will  not  be  that  of  iba  pilM  ae 
deeper  Into  the  earth  around  ihera  ;  but  that  of  the  entire  oompaoted  mass  of  plica  aad  carti 
which  they  were  driven,  setUing  down  into  the  less  dense  mass  6«lew  them.  Piles  are  sobm 
blumcd  for  setilemeuts  which  are  really  doe  to  the  ernshing  (flatways)  of  tbe  timbeia  vhiol 
Immediately  upon  their  heads. 

In  tlie  flue  Ijondoii  brldir®  across  the  Thames,  each  pile  nnder  eone  ol 
piers  sustains  the  very  heavy  load  of  80  tons.  They  are  driven  but  20  feet  intt 
stiff,  blue  liOndon  clHy ;  and  are  placed  nearly  4  ft  apart  fh>in  center  to  center ;  w 
is  too  much  for  such  piers  and  arches.  At  3  ft  apart  scant,  they  would  have  hmid 
45  tons  to  sustain.  They  are  1  ft  in  diam  at  the  middle  of  thetr  length.  Ugly 
tleroents.  some  of  them  to  the  extent  of  about  a  ft,  have  occurred  under  these  p 
Blackfrlara  bridfr®,  in  the  same  vicinity,  exhibits  the  same  defect.  By  e 
this  is  ascribed  in  both  cases  to  the  gradual  admission  of  water  between  theclav 
the  piles,  perhaps  by  capillary  action  of  the  piles  themselves;  or  perhaps  by  di 
leaking,  it  may,  however,  be  owing  in  part  to  tbe  crushing  of  the  platform 
top  of  tbe  pilra;  or  to  a  bodily  settlement  of  the  entire  mass  of  piled  cUt, 
the  uu piled  clay  beneath,  under  the  immense  load  that  rests  upon  it.  Thu  J 
amounts  to  5U  tons  per  sq  foot  of  area  covered  by  a  pier ;  and  is  probably  too  m 
to  trust  upon  damp  clay,  when  even  the  slightest  sinking  is  prejudicial. 

Mi4  J.  9ander»«  U.  S.  Engs,  experimented  largely  at  Fort  Delaware  In  r 
mud ;  and  gave  the  following  in  the  Jour.  Franklin  Inst,  Nov  1861.  For  the  m 
load  for  a  common  wooden  pile,  driven  until  it  sinks  through  only  small 
nearly  equal  distances,  under  successive  blows,  divide  the  height  of  the  faU  in 
by  the  small  sinking  at  each  blow  in  ins.  Mult  the  quot  by  the  weight  of 
hammer,  ram.  or  monkey,  in  tons  or  pounds,  as  the  case  may  be.  j/ivide 
prod  by  8.    He  does  not  state  any  specific  coefficient  of  safety. 

Example.    At  the  Ghestavt  8t  BrUce,  Phllada,  the  greater  weight  oa  any  pUo  la  18 1 

Mr  Kueass  had  tbe  piles  driven  anill  they  sank  H,  or  .75  of  an  inch  under  eaeh  blow  tnm  a  19 
hammer.  falllDg  10 h.    WasbasaDilndeinKior    Here  wa  have  Uie  fall  In  lnB=»X  1*=:SM. 
140  S84000 

-^^=S20;  aad  tSOXl>00= 184000  »■;  aad  — ^ — =  48000  fta,  =  U.«  teas  safe  load  by  M^ 

ders'  rule.    The  soil  was  river  mud. 

0«r  ^wn  rale  is  as  follows.  Mult  together  the  eahe  rt  of  tbe  (hll  in  ft ;  tbe  wt  of  hammer  In 
and  the  decimal  .013.  Olride  the  prod  by  the  last  sinking  in  Ins.  -|-  I.  The  qnotleat  will  ht 
•ztrcaie  1««4  that  will  be  Just  at  tbe  poiat  of  oansing  oiore  sinking.  For  the  safb  load  taka  i 
ooe  twelfth  to  oae  half  of  this,  aooordlog  to  ciroamstaBoes.    Or,  as  a  formala. 


JEMveai«lo«4. 

in  tons 


Cnbe  rtof  ^ 
fall  in  feet ' 


Wt  of  hammer  . 
In  pounds       ' 


Last  sinking  In  inohes  -f- 1 


t.71i  ru 


lale.    The  same  as  tbe  foregoing 
Uenoe  we" 


Bbave 


Gbestnul  8t  Bridge. 
».TU  X  laOOX  .Ott 


Here  tbe  euhe  rt  of  10  ft  ft 


1.75 


=  41.8  toBS. 


iu  tons  .75  +  1 

Or  say  half  of  tlils,  or  21.4  tons,  tbe  load  Ibr  a  eafeCy  of  1  If  ^r  Banders'  mle  makes  tbe  i 
load  21.4.    The  aotual  ooe  is  18  tons. 

A  safetT  of  2  Is  not  enoiich  for  river  mud. 

But  although  Msjor  Sanders'  rule  and  our  own  sgree  very  well  In  this  Instance  tf  a  ta/etji  o/ 
taktnfor  each,  they  dilfn-  wldelv  Id  some  others.  Thos  at  MevUly  Briioe.  Praaee,  Perroi 
besviost  hammer  weighed  3000  fee,  fall  5  ft,  slnkage  .25  of  an  Inoh  In  the  last  10  blows:  or  say 
Inoh  per  blow.  The  piles  susuin  47  tons  each.  Our  rale  gives  S8.B  tons  Ibr  a  safety  of  2:  while  1 
ders'  role  gives  515  tonn  safe  load  I  If,  as  we  think  probable,  there  was  no  sotnal  sinking  at  tbe 
Mow,  then  oar  rule  (Ives  S9.8  tons  for  a  safety  of  2  ;  while  Sanders'  gives  Infinity. 

at  the  Hall  Dookm  Rngland,  piles  10  ins  square,  driven  18  ft  Into  slluvlsl  mod.  bt  a  IfiOOft  h 
mcr,  falling  24  ft.  SHUk  2  ins  per  blow  at  tbe  end  of  the  driving.  They  sustain  si  least  30  tons  a 
or  aooording  to  some  sutemenu  36  tons.  Qor  role  gives  8S.3  tons  for  the  extreme  load ;  or  18.8 1 
•.iietT  tif  ouiy  2.  Handers  Rives  for  su/t<jr  12.06  tons.  As  before  remarked,  'l  Xn  not  Sttfety  cui-u^u 
p-ud.    In  mud.  It  la  not  primarily  the  piles,  but  the  pil^^  soil  that  settles,  bodily,  fbr  yesr*. 

At  tbe  Boyal  Border  B.'f lire*  England,  piles  wera  very  firmly  driven  from  SO  to  40  ft  Id  i 
and  gravel,  in  some  cawM  wei.  Pine  was  first  tried,  but  It  split  end  broomed  so  badly  ander  tbt  I 
driving,  that  Amerioan  elu  was  substituted,  with  success.  They  were  driven  until  thct  saak  bui 
inoh  per  blow,  under  a  1700  lb  monkey,  falling  18  ft.  They  support  70  ions  eaoh.  Our  mle  give 
tons  for  a  safety  of  2 :  while  Sanders  gives  384  tons  nalb  load  1 

It  is  the  wriwr's  op^i'ion,  however,  that  the  piles  did  not  aeiuaily  sink,  as  was  (and  alwsys  li 
such  oases)  taken  fbr  granted  by  the  observers ;  but  that  they  were  merely  eompresscd  or  parti 
crushed  by  overdriving.  Most  of  the  piles  were  driven  until  they  sank  (f)  only  an  inch  nndsr 
blows ;  but  we  doubt  whether  they  ware  any  safbr,  or  farther  In  the  ground,  than  whea  thty  had 
oeived  only  one  of  them :  and  eonslder  saoh  extreme  preeaailon  worse  than  useless. 

I«  SMae  ezperliievta  (I8TS)  at  Philada.  a  trial  pile  was  driven  15  ft  Into  soft  river  and,  I 
1800  lb  hsramer :  Iu  last  sinking  being  18  ins  under  a  fkll  of  88  ft.  Only  5  hoara  after  It  wss  dri 
U  was  loaded  with  8.5  tons ;  wfciek  eaosad  a  slnkiaa  ef  bat  a  vaty  amaLUVaotloa  of  an  loeh.   Osr  i 
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Sf<e*  C4  toM  M  Uia  rsMM  liMd.  UiidM>  9  um*  U  nak  .T»  tf  u  tneh ;  and  nndw  IS  toni.  6  ft  Bj 
■J  Sanders*  rule  lU  «afe  lottd  woaUl  be  2.14  tons. 

A  I7.%  QoTt  trial  pile,  abont  12  lot  «i.driv«a  S9  n  ihraagh  layers  of  tilt.  und.  aod  eUr.  hau- 
atr  910  Ifta,  fall  5  fi,  last  BiDklag  .875  or  an  iaeb,  bort  tL6  tool ;  bat  aaok  alowlr  nnder  X7.9  tonsw 
Oar  nila  elves  16  y^n  eztmie  load. 

WwtmA  tmtfmmwm  eonaider  a  pile  sal%  fbr  a  load  of  19  taas,  vbea  It  to  driven  to  tbe  rcftual  of 
IIM  ft*.  fklUas  i  ft ;  oar  mle  glvee  9i.t  teas  tar  saMy  S.  Tbey  estimate  tbe  refusal  by  its  not  slnk- 
tac  OMre  than  .4  of  aalaeb  under  90  biowe.  In  many  important  bridges  4o  ibey  drire  antd  there  U 
■e  alnklBc  aadar  an  800  ft  hamsMr.  fkJUaff  6  ft.  Oar  mle  here  glree  91 .9  tons  extreme  load :  or  U.7 
fer  safety  t. 

Am  to  tlM  pgayw  laa4  Ibr  ■■AlV*  ^v*  ^^^^  *!>•*  *«<  "Mrs  than  one-half  the  extreme  load  riren 
by  o«r  rule  eteold  be  taken  for  pllee  tMorwa§kl9  driven  in;lrm  soils ;  nor  mors  than  one-sixth  when 
in  river  mad  or  marsh ;  aeeomtaf ,  as  we  have  hitherto  done,  that  their  feet  do  not  rest  upon  rook. 

If  IfaMn  tm  Uctwfc  take  oajj  half  these  loads.  *^ 

PIlea  tmmj  ka  aade  af  aaj  raaalre4  aiaa  as  regards  either  length  or  oraee  asotlen,  by  bol«» 
lag  sad  flahiag  togaUier  sUairiss  aad  laagthwise,  a  nnmber  of  e^oared  Umbers. 

Pnaa  with  biaat  eada.  At  flovtb  Sfeet  Bridge,  Phlla,  IMO  stout  pllee  of  Kova  Seotta  spmec 
vfth  Mant  ends  were  driven  19  to  SS  ft.  partly  la  stronc  crarel.  by  a  enmmon  st«am  pile  driver,  at  a 
to«al  aoBl  (pilea  and  driving)  of  ST  to  W  each.  At  WIlaslBStaa  Harbor,  Cal,  Mr.  C.  B.  Hears. 
U.  S.  Army.  (Joar.  Am.  Hoc  0.  B..  Dee  1870)  found  that  in  iirm  oompaot  «et  sand,  after  tbe  first  fpw 
Mewe  the  piles  would  not  penetrate  mere  than  .&  to  1.6  Ins  at  a  blow,  no  matter  how  far  the  240()  lb 
hammer  folL  The  anpolnted  oneeof  whleh  there  were  many  thonsaads,  drove  quite  as  readilv  to  aver. 
ft  depths  of  19  ft  In  this  sand  as  the  polated  ones,  aad  with  muoh  less  undenoy  to  oaut.  Asa  high 
fall  bad  DO  farther  eflbet  than  to  hatter  the  heads  be  reduoed  It  to  10  ft.  whioh  drove  an  average  of 
sbnut  .71  Inch  to  a  blow.  To  insure  straight  driving,  the  ends  must  be  at  right  angles  to  the  length. 
laatcaJ  •fdrleias  pllee  to  moderate  deptbe  It  raav  at  timee  be  better  to  merely  plaat  them  buu 
dAwn  la  holes  bored  by  aa  anger  like  Pleree^  Well  Barer. 

Tka  mtHMaie  fMatf—  af  pilea  even  with  the  bark  ma,  and  driven  about  S  ft  apart  from  oro 
to  eea  probably  never  mneh  ezoeede  about  1  ten  per  sq  ft  even  when  well  driven  Into  dense  moist 

.  __. more  than  .6  to  .75  of  a  tea  In  oemmon     "        -    ■  ..     - 

mad  depending  en  the  depth  aad  densin 

I*a««ylla4ava  Beams  M  to  about  J  tb 

There  In  m  vrMbt  dlflterenee  i»  the  penetrAblllty  of  different 

- Lary  brldg *'•  "-'-' ' — "  '-  ""^ '^  "     '    


I 
( 


saad  ar  loamv  gravel ;  aor  more  than  .5  to  .75  of  a  tea  In  oemmon  soils  and  elays ;  or  than  .1  to  .1 

of  a  toa  In  eOi  or  wet  river  mad  depending  en  the  depth  aad  density. 

Tha  IMallaa  af  aaallvaM  evUadava  seams  la  to  about  J  tbafe or  fllst. 
_    _  _        .  ^^j 

ig  piles  So  rt  into  deep  wet 
ith  imn.  caDuoi  be  drlreo 


aaads.  Tbua,  la  tbe  Lary  bridge,  no  speetal  dtmeallj  was  found  in  drtvini 
saad ;  while,  la  other  wet  loealitiee,  pllee  of  very  tongh  wood,  well  shod  wl 
e  ft  lata  enad,  wltboot  being  battered  to  pieoee.  Tbe  same  diflierence  has 
At  the  Braady  wine  llgr  ^ 

Stiff  wH  elay.(and  eleaa 

ble  to  any  required  depth 

pieoee  in  driring  •  ft  thi 

by  any  foroe  drive  serew- 

eUy/ on  whleh  the  fbrm 


_  .  been  found  in  the  esNe  of 

^ At  the  Braadywine  light-house  theee  oonid  not  be  foreed  more  than  10  ft  into  the  clean 

wet  aoad.  Stiff  wet  elay.(and  eleaa  gravels)  alee  diObr  very  moeh  in  this  respect.  Generally  ther 
are  pcaeCraMe  to  any  required  depth  with  oomparaUve  ease ;  but  we  have  seen  stout  hrmlock  pllee 
battered  ie  pieoee  in  driring  •  ft  through  wet  gravel;  aad  Mr.  Bendel  found  that  at  PI.Tmouth  he 
■*ooald  aot  by  any  foroe  drive  serew-pllm  mere  than  about  6  ft  Into  the  clay,  which  in  not  as  stiff  as 
tbe  Leadon  eUy,'*  on  whleh  tbe  fbrementloaed  new  Leaden  aod  Blaokfriars  bridges  were  founded; 
aad  iaio  whioh  even  ordlaary  woedsa  piles  were  driven  90  ft  without  speolal  dlffioulty. 

A  miztufa  of  mad  with  «hs  saad  or  gravel  fhellitatss  drhrlac  Tsry  mudh ;  but  before  begiBalnf  aa 
axtenaiva  eyelem  of  plUng,  a  few  ezperimenul  ones  shoald  be  driven,  to  remove  doubt  as  to  the 
tnobla  aad  aspenea  that  may  be  antioipated.  Mere  boring  will  often  be  but  a  poor  i>ui>«iitute  for  this. 

Aaageaersl  rule,  a  heavy  hammer  with  a  low  fall. drivee  more  pleasantly  tban  n  liK'it  one  with  a 
high  flul.  Where  a  hammer  of  H  ton  (ISOO  lbs)  falling  35  ft,  in  a  very  strung  grniind,  ktiiitiiTtd  tlie 
pi^oi:  eaa  of  S  tons,  (4500  fts,)  with  7  ft  t*\\,  drove  them  satisfactorily.  More  blow's  can  be  uindi'  in 
the  same  time  with  a  low  fail;  and  this  glvee  less  time  for  tbe  soil  to  compact  itself  srouud  the  piles 
htftwean  tha  blows.  At  timee  a  pile  may  resist  the  hammer  after  sinliiiig;  soniedixtancu;  but  start 
^aia  after  a  short  rest;  or  It  mar  refuse  a  heavy  hammer,  and  stari  under  a  lighivr  one.  It  may 
^rite  slowly  at  first,  and  more  rapidly  afterward,  from  eansee  that  may  bo  dimouli  to  di»corer.  Ths 
dririaf  af  oaa  sametlmss  eauaee  adjaosnt  once  previously  driven,  to  spi  log  opw  srd  scvrrni  feet.  A 
Bite  te  la  tha  most  favorable  position  when  its  foot  reeu  upon  nek,  after  iu  entire  leogili  has  been 
fevea  throucb  a  firm  soil,  wbieh  affords  perdeet  proleotion  against  Iu  beading  like  au  overloaded 
eetoaa;  aad  at  the  same  time  ereatee  great  friction  against  Its  sldee;  thus  Bll^iMliug  muSh  in  sus- 
feeiuios  tho  kwd,  and  thereby  relieving  the  pressure  upon  tbe  foot.  A  pile  msy  rvst  u|K<n  rmk.  nud 
f«t  be  very  weak ;  for  If  driven  through  very  soft  soil,  all  the  pressare  is  borne  by  tho  Nlmrp  point; 
and  tha  pfla  beoomee  merely  a  oolumn  in  a  worse  eondltlon  than  a  pillar  with  one  rouud(sl  ttid. 

In  such  soils  the  piles  need  vsqr  little  ahaxpeaing;  indeed, 
ted  habtarhe  dilvah  wUhout  aay  1  ar  CTSB  bau  aad  down. 

Tha  drivlac  of  a  pile  In  soft  ground  or  mad  will  generally  eanse  an  adjaoeat  one  previously  driven, 
to  lean  eatwards  unleee  means  be  taken  to  prevent  it. 

In  piling  aa  area  of  Arm  soil  It  Is  best  to  begin  at  its  oenter  and  work  outwards;  otherwise  tbe  soil 
may  beeome  eo  eensolldated  that  the  oentral  ones  can  scareelv  be  driven  at  all. 

ElMtle  reabeClOik  of  the  soil  hns  boon  known  to  cause  entire  piled  aroiui 
to  risa,  tossthsr  with  the  piles,  batore  they  were  built  upon. 

In  Tery  firm  soil,  especially  if  gtony ;  or 
even  ineoft  soil, if  Uie  piles  are  pointed,  and 
are  to  be  driren  to  rock;  their  feet  aliuuld 
be  protected  by  iilkoes  of  either  wrought 
Irou,  ae  at  a,  «,and  6,  Figs  13;  spiked  to  the 
pile  by  meaos  of  the  iron  straps  n,  forgfd 
to  them ;  or  of  cast  iron,  as  at  c,  where  the 
<ihoe  to  a  solid  ioTerted  cone,  the  wide  flat 
base  of  which  affonUi  a  good  bearing  for  the 
Bat  bottom  of  the  pile>point.  The  dotted 
line  to  a  stout  wronght-iron  spike,  well  se- 
cured in  the  cone,  which  U  cast  around  it ;  _ 
thto  toalds  the  shoe  to  the  pile.    Eegolar                     Digitized  by  La OOQlC 


Fig.15 
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w>Miijgti t-lroD  dieM  vlll  gntnUj  wtigh  18  to  80  Ibi ;  bat  MbMt  iron  may  t«  ntcd  irhea  tb«  mei 
mt^crmulj^  eompMt;  ptot*  iron  vben  more  so ;  and  aolld  iron  or  ■teel  polou,  from  1  to  4  laa 
Hit  tiu-  butt,  and  4  to  8  ioa  long,  when  very  compact  and  stony.  Hole*  iBii 
drilled  in  rock  for  receWinff  the  points  of  pilea,  and  thus  preventing 
rrora.  uLppLDg ;  tj  flrat  drlviBg  down  a  tube,  aa  a  gulda  to  tht  drill,  aftor  tht  oarUi  i«  alaao^d 
ths  tube.  To  preiierve  the  headm  to  aome  extent  fh>m  splitting  nnd 
btowi  tit  the  hammer,  tbej  are  ueaallj  earroaoded  bj  a  hoop  k.  Fig  d;  tnm  H  to  1  inch  Uxie 
.  ._    _.^-     «^ w ._-^. . ^nalda;" 


1 H  to  3t  Im  wide.    These  are,  however,  eoaeumeB  bat  ImperflNt  ■ 


fbr  in  bard  driving  tb 
'  w  the  hoop :  moreo^ 
or  pared  off  ■ 


will  et-4»b,  eplit,  and  bain  oat  on  all  eideii,  freqaeotlj  fbr  many  feet  below  the  hoop 
^     _      * . -fa^ ^-   .. . ibeeawed,    

'    forthi 
*<i^r^aH,  hi*  pliebeada  were  preferred  from  iVjury  bj  tlie  siapie  espMlent  of  dublof 


hoftp*  orua  split  open.    The  heads,  tberefore,  often  have  to 

^tort  the  pile  is  oompletely  drirtn ;  and  aUowanee  must  be  made  for  this  loes  in  ordering  pi 

•.Qj  liven  work:  especiallj  in  bard  soil.    Capt  Tnmbnll,  U  8  Top  Bng.  stoies  that  at  the  r> 


dtprh  0t  aboat  an  inch,  and  oorerlng  them  by  a  looee  plato  of  sheet  iron:  as  shown  in  eeecio 
Figii  IS.    A  rtrr  slight  degree  of  brooming  or  enuMng  of  the  head,  malerlallT  diminishes  «fe 
4ir  rii>i  ram.    Piles  may  be  driven  thmagh  small  iooee  rubble  wfthnut  mueb  labor.    Shaw's 
do&A  TjGi,  lojoro  the  heads.    Piles  which  foot  on  sloping  rook  as^  slUa  when  loaded. 
To  drive  A  pile  heiMl  below  iribter  a  wooden  punch,  or  followc 

m.p,  l-^fi  IS,  may  be  used.  The  foot  of  this  panoh  flu  into  the  upper  part  of  a  easting  ff.  nv 
ianAre.  swording  to  the  shape  of  the  pile ;  and  having  a  trmnsrerae  partition  o  o.  The  lev< 
or  tlT«  ruling  is  fltted  to  the  bead  of  the  pile  I;  and  the  hammer  Mis  on  top  of  the  panoh. 
drLrims  pLise  vertleally  in  very  soft  soil,  to  support  retalalng>walls,  or  other  straeiures  expc 
borlt,iintal  or  inolined  foroes,  oara  most  be  talcen  that  these  roroea  do  not  posh  over  the  pile* 
nlrr-t  :  i^r  in  snob  soils  piles  are  adapted  to  resist  vertioal  fbroes  only,  nnlees  they  be  drives 
iDeiltiiftUoo  corresponding  w  the  obliqoe  fbroe. 
A  broken  pile  wnny  be  drawn  oat.  or  at  Ifast  be  started,  ff  not 

flnolj  driven,  by  attaching  soows  to  it  at  low  water,  depending  en  the  rising  tide  to  loosen  it. 
ioGg  ilmbsr  may  be  used  as  a  lever,  with  the  head  of  an  adjacent  pile  for  iu  fulcram.  Or 
wQrk*A  by  the  engine  of  the  pile  driver.  In  very  dilBooU  oaaea  the  method  devised  bv  Mr  J.  If 
0  E,  maj  be  need.  A  4  inch  gas  pipe  15  ft  long,  shod  with  a  solid  steel  point,  and  having  aa 
iboul  Jer  fflf  anstalning  a  oironlar  panoh,  was  thereby  driven  eloee  to  and  <  or  S  ft  deeper  tlu 
nllei  4irLirea  12  ft.  In  S7  ft  water,  and  broken  off  by  loe.  Poor  poands  of  powder  were  then  def 
In  tli«  )  iwer  end  of  the  pipe,  and  exploded,  lifting  the  plies  eompletoly  eat  pf  place.  It  will  of 
belt  ui  lei  a  broken  pile  remain,  and  to  drive  another  close  to  it.  May  be  drawn  by  hydraoUe  | 
Ico  ndlieres  to  piles  with  a  force  of  about  30  to  40  lbs  per  eq  inch,  ai 


rt»iini<  water  inay  lift  them  out  of  place  if  not  sajnclently  driven. 

:  eepecially  wl  _  . 

work,  filled  In  behind  and  againat  them.e    Oast-Iron  cylinders,  open  at  both  ends, 


Iran  piles  and  cylinders.    Cast  iron  in  various  shapes  has  been  t 
!it«il  111  Europe  fbr  sheet  piles:  eepecially  when  intended  to  remain  as  a  fsclng  for  the  prMcct 


may  be  cleaned  oat,  and  filled  with  eonereto.  If  naqalred.    The  frict 
■  aih  the  inner  and  the 


48)(  hooini  or  aboat  1^  ft  per  I 
Inr  t^^j  the  soil  la  the  inaide.    i 


(MDOrPliT  1 

611*4  ii^«  boisring  piles :  , 

dxirlof  li  ereater  than  In  solid  piles,  inasmnob  as  It  Ukee  place  along  both  t 

iurfadva.    This  may  be  diminished  by  gradaallv  extracting  the  Inside  soil  as  they  go  dowa. 

rtqclra  moeh  care,  and  a  ligbtor  hammer,  or  less  fall  than  wooden  ooee.  to  prevent  breakii 

which  Lud  a  piece  of  wood  should  be  liitorpoeed  between  the  hammer  and  the  pile:  or  the  mm  a 

Of  woi^id.    But  it  is  better  to  ose  them  in  the  shape  of  serew  ejllnders^  w 

toorFHii,  or,  livee  them  the  advantage  of  a  broad  base,  as  In  the  following. 

Ilri]nel*s  process.  He  experimented  with  an  open  cast-iron  cylinder 
outer  dLam ;  1^  Ids  thick ;  in  lengths  of  10  ft,  conaeoied  together  by  internal  socket  and  Joggle  J 
icciired  by  pins,  and  run  with  lead.  It  bad  a  sharp-edged  hoop  or  cutter  at  bottom:  and  a 
4ibaY«  ifA*.  one  turn  of  a  screw,  with  a  pitch  of  7  Ins,  and  projecting  one  foot  all  around  the  oi 
of  tbe  a.Tllnder.  By  meant  of  capstan  bars  and  wlnotaea,  he  screwed  this  down  through  stiff  els 
sand,  M  fKt  to  rook,  on  the  bank  of  a  river.  In  deacendlog  this  distanoe  the  cylinder  mad 
iwotaUoai ;  sinking  on  an  average  about  &  ins  at  each.  The  time  occupied  in  actually  screwiu 
r  hour.  There  were,  however,  many  long  intervals  of  rcet  for 
After  reatlog.  there  was  no  great  dtlBcalty  in  restarting.  Tb 
Br'lll  live  an  idea  of  the  arrangement  of  the  screw. 

Tiie  Ncrew-pile  of  Alex.  Mitciiell.  BelfHst,  consists  iisiially  of  a  rolled 
shiift  A,  Figs  14,  from  3  to  8  ins  diam;  and  having  at  its  foot  a  cast-iron  s 
S  a  S,  with  a  blade  of  from  18  ins  to  6  ft  diam.  The  Mcrews  used  for  lighMio 
eKfiiiaiKl  to  moderate  seas,  or  heavy  ice-fields,  are  ordinarily  about  3  ft  diam, 
ll^  ttimn  or  threads,  nnd  weigh  about  6(MI  llw.  The  round  rolled  shafts  are 
^  to  B  inn  diam.  They  are  screwed  down  from  10  to  20  ft  into  clay,  sand,  or  con 
•tbout  80  to  iO  men,  pushing  witli  6  to  8  capstan  bars,  the  ends  of  which  descri 
knlrtlo  of  about  30  to  40  ft  diam.  For  this  purpose  a  plntform  on  piles  has  frequ< 
^  he  prepared.  In  quiet  water,  this  may  be  supported  on  scows;  or  n  raft 
moom«ii  may  be  used  when  the  driving  is  easy ;  or  the  deck  of  a  large  scow  w 
wi'il-holo  in  the  center  for  the  pile  U»  pass  throufch.  Roughly  made  tempc 
crLbn,  niled  with  stone  and  sunk,  miglit  support  a  platform  in  some  positions, 
pi&ircjrm  mast  evidently  be  able  to  retist  revolving  horisontally  under  the  ( 
pu»liLrig  force  of  the  men  at  the  cap.Htnn  bars;  and  on  this  account  it  is  diD 
to  drivB  screws  to  a  sufficient  depth,  in  clean  compitct  sand,  by  means  of  a  floi 
plAtfoi  m.    The  feet  of  the  piles  must  be  firmly  Becured  to  the  screws,  to  pn 

•TJWt  Iron,  Intended  to  n-Hiist  sea-water,  should  beclose-gra 

hjyd,  while  metoi.  Ln  such,  the  omalt  quanta  y  of  contained  oarbon  is  chemically  oombined  wl 
m«ts{ ;  hui  In  the  darker  or  mottled  iroua  It  la  mechanically  combined,  and  soch  Iron  aoon  be 
Mfl,  (•oMAvhat  like  plumbago,)  when  expoaed  to  aca-watf r.  Hard  white  iron  has  been  proi 
r«*lat  for  at  least  40  yeara  without  sur  dcteriotation :  whether  constantly  under  wator,  or  altcn 
w«4  and  dry.  Copper  and  bronse  are  but  slightly  and  superficially  afllNted  by  eea-watar ;  but de 
tire  galvaslo  action  takes  place  if  diff  metala  are  In  soBia;^!^ QQQ  l€ 
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flMir  being  lifted  onl  of  them  by  the  upward  force  of  watm  mgniiut  the  raperi 
•buetnre.    At  y  p.  Tigs  14,  is  shown  a  mode  of  splicing  or  nniting  the  different 
lengths  or  sections  of  a  pile.    The  point  of  Junction  is  at  v ;  r  r  is  a  stout  iron  ring 
Cbrged  on  to  the  lower  pile  p,  ^ 
aboot  a  foot  or  18  ins  below  its  ^ 
topr.  A  strong  cylindrical  cast- 
ing n  n,  endoeing  tlie  ends  of                  

the  sactioDB,  rests  on  this  ring,  ^H       ^  ^„^  IT . Hfl  n 

and  is  pinned  through  the  piles, 

as  at  <<.    On  this  casting  are  m^        a'^     ■ 

also  cast  prctjections  cc  e,  for  at-  IP         *-^  [• 

tachlng  TXtdug  g^  and  beams  »,  ike,  %  ^^  X,  y 

neceasaiy  for  bracing  the  struo* 

ture  from  pile  to  pile.  The  time 

sctnally  required  for  driving  a    ^^^^^^g^g^^^  j^^l 
screw  is  from  2  to  10  hours,  in 
ttTonable  circumstances. 

At  the  Braadywine  lifhtlMMM,  •■ 
aKAOd-lmok  of  verj  pore  Mod.  oot-  ^^_w  __ 

nrd  S  nr  8  n  fti  low  wat^r,  and  fVora  ^^v  jP 

II  to  IS  ft  at  high,  tbev  could  not  be  *  ^^ 

farecd  down,  fmni  a  Axed  plalforai, 

ter  mom  than  10  fU  At  other  plaoen  20  ft  lo  nod  is  raaebrd  wltbout  moob  trouble,  whtrv  the  rwnd 
eooiaios  a  good  d«al  of  mud.  but  itn  bearlnc  power  is  tbea  leu.  This  (ultiaiaie)  rauxex  bet* ecu 
sboni  1  and  6  tons  per  sq  ft  aeoordlng  to  pnrU7,  depth,  eompaotoeas,  Ao,  of  the  saad.  la  imporunt 
eaaaa  Ifee  bearing  povm-  eboaid  be  tcatcd. 

SOtelMirs  pllM  hare  been  serewed  about  40  feet  into  a  mixture  of  elay  aa4  aaad,  wltk  ssieWi 
•  ft  dlaoB.    They  paas  through  small  broiten  stone  and  eoral  roek  without  mneb  diffloultr  ;  and  wOi 

Csh  •aide  bowlders  of  moderate  siie.    Ordloarilj.  elaj  or  sand  will  present  no  great  obstruction ; 
t  eoesalonallT  either  of  them  will  do  to.    Perfeetly  pore  clean  sand,  as  a  general  rule,  gives  moit 
dUBeoIty.    At  the  Braadjwioe  shoal  the  driving  waa  aided  bv  a  spar  and  pinion  placed  as  low  as  the 
""'  ^  and  the  kvers  were  worked  by  80  men.    The  danger  of  twisting  off  the  sbsft  Is 


tbc  Uaalt  for  eerewing  them. 


k  nsed  for  the  anchoring  of  chains  for  mooring  buoys.  Ac. 


Tbeyaren 

Oa  land,  anall  aerews.  with  short  hollow  ehafts,  make  good  durable  sapporu  for  depot  pillars,  cranes, 

'_  lals  in  marine  surveying,  Ao,  Ac.    They  eanreadilr  be  unscrewed 

lorses  or  oxen  may  be  nsed  in  driving  large  arrows.    The  Brandywine  ligbt-bouse 

Ilea,  which  are  asrroonded  by  80  others  of  ft  Ins  dlam,  as  fenders.    They  have  to 


•laoda  on  •  aerew- 


I  telegraph  poles,  sutlon  signals  in  marine  surveying,  ka,  Ac.    Tbey  ean  readilr  be  unscrewed 
leraL    Horses  or  oxen  may  be  nsed  in  driving  large  arrows.    The  Brandy  win 
irew-pf  lea.  , 

reatat  not  on^  moderate  seas,  but  immenaa  IMda  of  fleattng  iee,  miles  in  extent.    An  onllnlshod 
■InMtare  waa  deetreyed  by  ice,  which  at  times  liijarea  Che  treeing  of  the  sunding  one. 

T«f»t  borliiirs  tthonld  be  miMle  to  enfiure  tlmt  the  Hcrows  du  not  stop  just 
above  a  Tcry  wank  strauim  which  may  endanger  their  bearing  power.      8o  with  onjr  piles. 

By  meibiifl  of  a  Jet  of  waler  forcibly  impelled  throneh  a  tube  by  a  force 
Mmp.  tbe  uMst  obstinaie  saada  will  be  loosened,  and  the  sink' 

lag  of  •erav-pUet,  or  wooden  onea.  or  even  tbe  largeat  cylinders,  be  greatir  raoilltnied.  In  a  gorem* 
ment  pier  ibt  C^pe  Henlopen  in  Tery  couipiurt  wind,  iit  mIiu-Ii  0  uiit  of  7 
serewa  fMvvioaaly  broke  before  reaebing  10  ft,  the  use  of  the  jet  was  found  to  remove  more  than 
three-fbiurtha  of  tbe  realstanoe.*  The  pile  f>  to  be  sunk  having  first  been  plaoed  in  position  as  In  Fla 
15.  tbe  lower  open  ends  ft  of  a  bent  Iron  tube  <  s  I  of  ime  and  a 
niiarter  Ina  bore  were  stood  upon  the  npper  fsce  of  the  screw  disk,  and 
there  held  firmly  b7  >  m:  i  men  while  tM  pile  was  being  serewed  down 
by  the  eapatan  e,  whloh  waa  worked  by  a  leading  rope  r.  From  the 
bend  a  of^  tbe  pipe,  a  boee  A,  S  ine  dlam,  led  to  tba  force  pump,  the 

Sllndcr  of  vbloh  was  5  Ins  bore,  and  9  Ids  stroke,  and  worked  aboat 
fbU  strokes  per  minaie,  b7  >  stule  walking  on  a  tread  wheel  on  a 
~      '    \  jltmiXvrmf.    There  was  now  no  trouble  in  screwing  the  piles  *- 

.   jnlred  depth.   Prevtona  trials  by  playing  the  jet  6cm«UA  thed 

gave  tuisatiatheiory  rssnlts. 

In  Mobile  Boj  several  thousands  of  wooden  piles, 
firem  18  to  48  1ns  dlam.  were  sunk  fh>m  10  to  20  ft  Into  obstinate  sand, 
at  the  average  sinking  rate  of  about  1  ft  per  second,  entirely  by 
of  jets.  Tbe  Jet  was  propelled  by  a  elty  steam  Are  engine,  on  a 
heat,  thraogh  iu  own  hoae,  with  a  one  aad  a  quarter  Ineh  noisle. 
Daring  the  deaosnt  the  aoule  «  a  was  held  loosely  In  iu  place  near 
tha  foot  of  the  pile,  by  two  staplee  «  s  and  by  a  string  i  reaching  to  the 
snrflwe.  The  piles  were  suspended  by  their  beads  from  shears,  by  tbe 
laelde  of  wbleb  tbeir  dceeent  was  regulated.  The  sand  settled  flrmly 
sr«oad  the  pllwi  la  a  few  minatea  after  tbey  were  snnk.t 

Ai  TenMM  RlTer«  Alabnina,  for  iron  cylinders  6  ft  diam 

feaelaaing  plle%  In  deep  light  shifting  sand,  the  Jet  was  foroed  by  a  amalT 

rotary  pomp  of  800  to  800  reTolBtions  per  aiinnte,  throngh  a  oaavas  hose  8  ins  dlam, 
Into  a  oentral  eooleal  east  iron  vesael  10  ins  dlam.  from  which  radiated  12  gas  p! 
Inch  dlam.  and  about  80  ins  long.    At  the  outer  end  of  oaeb  of  these  radii  wi 
elbow  to  wbleh  waa  attached  a  long  vertical 
and  made  In  10  ft  lengths  with  eerew  ends  ' 

down.    This  apparatus  was  raised  and  lowered  by  _  .„ ^ 

"Inder  was  sunk  about  16  ft  Into  tbe  light  sand  In  a  few  hours.? 


ediak 


h  eyHnd< 


tieal  pipe  reaitbing  down  Into  tbe  cylinder, 
lis  for  prolonging  them  as  the  cylinder  weni 
loweretl  by  a  light  block  and  line ;  and  by  H 


t  John  W.  Glenn.  C  S,  Taa  Hostinnd,  Jnas  1814. 

lei  Jordan.  0  «;  Traae  An"  ««»  C  E,  Feb  1874. 


•  Report  See  eC  War  1873. 
I  Gabriel 
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FOUNDATIONS. 


'•  Wbeo  a  pan  wu  fUl,  a  slid*  whloh  paased  orer  the  J 
VM  nited  bj  a  Uokla.  This  p»a  rmkati  about  1  eub  ft  m 
and  1  ti  deep,  raistog  about  )^  onb  fi.  was  uMd  wben  th 


At  the  I<ev»it  Tlitdaet,  Mr  Jnines  Bmnlee,  Bngliuid,  Id  a 

■andj  marl  of  groat  doptb,  ■ook  hollow  east  Iron  orltadcra  of  10  fna  outtr  dlam.  to  a  depth  of 
bj  moaot  of  a  Jot  pip*  t  ln>  diam  pawiag  down  ionfde  of  the  cylinder,  and  through  a  bote  In  lu 
whloh  was  a  cast  iron  disk  80  Inn  dlam,  and  I  inch  thiek,  strengthened  bj  outside  llaogeo.  Tti 
Booting  flanges  of  the  cyiinder  sections  are  outaide,  thus  Impeding  the  desoent,  as  did  also  the 
bottom  disk ;  still  S  or  4  hours  usually  suffloed  for  the  sinking  of  each,  to  SO  ft  depth.  AotOA 
showed  that  their  safe  sustaining  power  was  about  &  tons  per  sq  ft  of  bottom  disk. 

At  JLock  Ken  vliulaet  each  pier  coiiaista  of  two  cy linden,  open  At 
enda;  of  cast  iron,  8  ft  in  diam;  1%  ins  thick;  in  lengths  of  9  ft,  weighing  4 
each ;  and  bolted  together  by  inside  flanges,  wiUi  iron  cement  between  them. 
cyliuders  stand  8  ft  apart  in  the  clear;  and  are  in  36  ft  water.  **  A  strong  sts 
\uui  erected ;  and  4  guide-piles  driTen  for  each  cylinder.  The  several  leugtlis  I 
|ireviou8ly  bolted  together,  these  were  lowered  into  their  places.  Each  cylinder 
by  its  own  weight  one  or  two  ft  through  the  top  mud,  and  then  settled  upon  the 
and  gravel  which  form  the  sabstratum  for  a  great  depth.  Into  this  last  they 
sunk  about  8  or  9  ft  farther,  by  excavating  the  inside  earth  imder  water,  by  n 
of  an  inverted  conical  iierew-pasii,  or  dredger,  of  ^  inch  plate  iron.  Thij 
2  ft  greatest  diam,  and  1  ft  deep ;  and  to  its  bottom  was  attached  a  screw  Abon 
long,  for  assisting  in  screwing  it  down  into  the  soil.  Its  sides  had  openings  To 
entrance  of  the  soil ;  and  leather  flaps,  opening  inward,  to  prevent  its  escape.  ] 
opposite  sides  of  the  pan,  3  rods  of  ^  inch  diam  projected  upward  4  feet,  and 
there  forged  together,  and  connected  by  an  eye-and-bolt  Joint  to  a  long  rod  or  s 
at  the  upper  end  of  which  was  a  fonr-armed  cross-handle,  by  which  the  pan 
■crewed  down  by  4  men  on  the  staging.** 

B  Joint  al  the  bottom  was  lifted;  and  th 
k  at  a  time.    A  emallcr  one  of  only  1  ft  ^ 

_    „  .  >  the  material  was  very  hard.    By  this  ■ 

the  oyllnders  wore  sunk  at  the  rate  of  from  3  to  18  las  per  day.  The  slow  rate  of  >  ins  wee  ei 
!by  stones,  some  of  them  of  60  lbs.  These  were  first  loosened  by  a  serew.piok,  whloh  waa  a  I 
Iron  3  ft  long,  with  olreular  arms  IS  Ins  long  prqjeotlng  ftrom  the  sides.  After  being  looeened  by 
ihe  stones  were  raised  by  the  pan.  The  expense  of  all  this  apparatus  was  very  trifling;  and  U 
eavaUon  was  done  easily  and  ohoaply.  After  the  ezoaTatloa  was  flnished,  and  the  evilnder  < 
before  pumping  out  the  water,  oonorete  (grarel  S,  hydrauUo  cement  1  measure)  was  flUed  In  t 
depth  of  18  feet,  by  means  of  a  large  pan  with  a  morable  bottom ;  and  about  IS  days  were  left 
harden.  The  water  was  then  pumped  out.  and  the  masonry  built  In  open  air.  In  some  of  the  < 
ders.  howoTer,  the  water  rose  so  fast,  notwithstanding  the  13  ft  of  oonorete,  that  the  pumps  oonl 
keep  them  olear ;  and  6  ft  more  of  oonorete  bad  to  be  added  In  those.  Finally  random^stone,  or  i 
dry  rubble,  was  thrown  in  arooud  the  ootsldes  of  the  oyllnders,  to  prcserre  them  from  blowi 
■adarmlnlog."  •    The  masonry  extends  30  ft  above  the  cylinders,  and  above  water. 

The  vaenam  and  plennm  proc«fl»e«.  We  can  barely  allud 
the  general  principles  of  these  two  modes  of  sinking  large  hollow  iron  cylinders, 
the  vacanm  proeemn  of  Dr.  LawTence  Hclker  Potts,  of  London,  the  cylii 
e.  Fig  16,  while  being  sunk,  is  closed  air-tight  at  top, 
trap-door,  opening  upward.  A  flexible  pipe  p,  of  In 
rubber,  long  enough  to  adapt  itself  to  the  sinking  of 
cylinder,  and  provided  with  a  stopcock  «,  loads  from 
cylinder  to  a  vessel  v;  which  may  be  placed  on  a  ntft, 
scow,  or  on  land,  as  may  soit  circumstances.  The  cylii 
being  first  stood  up  in  position,  as  in  the  flg,  the  wati 
V^i  1 5  pumped  out,  and  the  interior  soil  removed  if  the  cylii 

J  has  sunk  some  distance  by  its  own  weight.    The  < 

9  is  then  closed,  and  the  air  is  drawn  out  from  the  vest 
by  an  air-pump.  The  cock  is  then  opened,  and  most  of  the  air  in  the  cylinder  mi 
into  the  void  veu&l  v;  thus  leaving  the  cylinder  comparatively  empty,  and  there 
less  capable  of  resisting  the  downward  pressure  of  the  external  air  upon  its 
This  pressure,  as  is  well  known,  amounts  to  nearly  15  lbs  on  evenr  sq  inch ;  or  net 
1  ton  per  sq  ft  of  area  of  the  top.  CTonsequently  the  cylinder  is  forced  downwar 
the  bed  of  the  river,  by  this  amonnt  of  pressure,  in  addition  to  its  own  weight, 
the  same  time,  the  pressure  of  the  air  upon  the  surface  of  the  water  is  transmii 
through  the  water  to  the  soil  around  the  open  foot  of  the  cylinder;  so  that  if 
toil  be  soft  or  semi-fluid,  it  will  be  pressed  up  into  the  nearly  void  cylinder,  in  wl 
is  no  downward  pressure  to  resist  it.  The  desoent  varies  ft>om  a  few  inches,  to  4  < 
it  each  time.  The  process  is  then  repeated,  by  admitting  air  again  into  ths  cy 
der,  opening  the  trap-door,  removing  the  water  and  soil,  as  before,  Ac.  Additlc 
lengths  of  cylinder  may  be  bolted  on,  by  means  of  interior  flanges. 
It  is  iulispt«d  only  to  soft  80i  In,  and  to  wet  sandy  ones :  but  is  not  8ufflci< 

Ijr  powerful  In  very  compact  ones ;  nor  does  It  answer  where  obstructioDs  from  Jtowlders,  logs,  Ae,  oe 

*HeU«w  IroB  PUea  either  cast  or  wrouf  ht  with  solid  pointed  feet,  to  be  driren  by  the  haa 
Ailing  msMs  of  them  and  striking  against  the  top  of  the  solid  fbot,  are  a  recent  derlce  of  great  u 
taanv  eases.  They  are  made  In  sections  of  which  enough  osn  be  gradually  united  to  reach 
required  depth.  They  avoid  the  danger  of  bending  which  attends  striking  the  top.  The  Iron  feei 
swelled  outwardly  a  litUe  to  diminish  earth-fneUoa  against  t^  pile  above  them. 
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yto  msMval  of  wblok  ranirM  mm  to  anter  (h«  ejllader  io  lu  foot ;  whleh  th^  Mnnot  do  Is  th«  rmraltod 
■ir.  Thm  p\fp  slioald  be  of  rafflelMit  diam  to  allow  tlio  air  to  1m vo  the  ejiiodcr  r^kdl/,  m  thai  th« 
OBtfer  preaa«r*  maj  act  opon  Um  bop  a*  ttuldoolj  aa  poaalblo. 

At  tb«  G«od»la  Saoda  llsbt-boiue.  Bacland,  hollow  ^llndera  iH  ft  In  dlam.  wore  ■ank  S4  ft  Inu 
■aod  by  thia  proecM.  In  about  6  taonn;  where  a  atoel  bar  eoiild  be  driven  onlj  8  ft  bj  a  aledfe-ham- 
Mcr.  Oihera,  12  Ina  lu  diaai,  have  been  aank  16  ft  into  aand  within  lea*  than  an  honr.  In  thia  laal 
Inatanoe  the  alr-paap  had  two  barrels,  4^  iai  diam,  16  laoh  auroke,  worked  bj  4  men.  The  plpa# 
vaa  or  lead,  and  onlj  H  iaeh  dtani.  '^  '^' 

Tbe  plenam  proecM,  inrdDtod  by  Mr  Trifcer, 
of  France,  consists  in  forcing  air  Into  the  cylinder 
0  C,  lig  17,  to  sQch  an  extent  aa  to  force  out  the 
water,  compelling  it  to  escape  beneath  the  open  foot, 
into  the  tnnoonding  water.  The  interior  of  tne  cylin> 
der  being  thus  left  dry  to  the  bottom,  men  pas^  down  it 
to  lofieen  and  remove  the  soil  at  and  below  Its  base.  When 
this  is  done,  thej  leave ;  the  compressed  air  is  allowed  to 
escape ;  and  the  cylinder,  being  no  longer  sustained  by 
the  upward  preesnre  of  the  compressed  air  beneath  its 
top,  sinks  into  the  cavity,  or  the  loosened  material  at  its 
foot.  Fig  17  shows  the  simple  arran^mcnt  by  which 
workmen  are  enabled  to  enter  or  leare  the  cylinder, 
without  allowing  the  compressed  air  to  escape ;  as  well 
■■  tbe  general  principle  of  the  entire  process. 

L  L  Is  a  aeparatc  small  ehamber,  the  alr-lortu  wbleb  la 
lemnved  when  a  new  length  of  pipe  ia  to  be  added ;  and  afterward 
teplaead  and  flrmlv  bolted  on.  This  ehamber  haa  a  small  air-tight 
door  rf.  bv  whleh  it  esn  be  entered  ftiem  wtthoot ;  and  another,  o, 
opening  Into  the  oyllnder.  The  Bapa,  t^h,  of  both  doora.  open  in- 
ward,  or  toward  the  ^llnder.    Thia  ehamber  aim  haa  two  atopooeka ; 

Bgwlth  the 


RglT 


le  ^llm 

irhieh  paaaea  alr-tigbt  through  the  aide  and  I  he  botioni  of  the  air-lock.    Through 
air  la  foreed  Into  the  ejllndcr.  bj  an  air  force  pump  or  oondenaer ;  and  -*^         "^  '- 


and  one  a.  above,  eommonlcating  i 


entlBg  with  the  ^llndci 
nlao  with  aooek.  whieh 

ft  tfce  eompwaaed  air  la , . 

the  same  air  ia  aUowed  to  eecape  at  a  later  period. 


A  alphon  ia  abown  at  n  nn. 


.    .  In  lie  Ooor,  t 
open  air.    At  a  la  a  bent  tube. 


through  it 
A  dram  w  ia  laaed 


tor  Lolating  theezeavated  material  from  tbe  bottom,  to  the  air-lock :  iw  axle  i  i  paaaea  air- tight  tbraogh 
~ nuide.    Tl"   ■     ■ 


Btaffing-bozea  in  the  aides  of  the  lock ;  the  holatlng  being 
.      .       .  .     ..    _    . .       CE.e 

i  eflindera  were  there  6  ft  diam,  IK  ii 
laagtha  of  9  ft.  bolted  together  tbrongh  Inalde  flangca  /.  aa  the  sinking  went  on.    The  air-leek  is  6  ft 


,  Thialatheg 

.  of  New  Tori,  at  Barlem  bridge ;  and  f^om  bis 
The  Oflindera  were  there  6  ft  diam,  IH  ina  thIoK,  and  in 


arraDgnaent  employed  by  Mr  W.  J.  VeAlplDe.  C 
description  of  it,  onra  haa  been  eondenaed.    ~* 

laagtha  or  9  ft.  bolted  together  tbrongh  Ini  _     ,.       

diam.  by  nearly  6  ft  high :  with  sides  of  boiler  iron ;  and  top  and  bottom  of  east  iron. 
Now  soppose  tbe  cylinder  C  G  to  be  let  down,  and  steadied  in  poeitioo,  as  in  the  fig;  and  tbe  alr- 
'Ivsted  on  top  of  It.    The  next  process  is  to  force  In  air  throngh  the  oarved  tobe  • ; 
door  0.  and  the  ooek  «,  being  previoualy  eloaed.    Aa  the  eompreaacd  air  aeev- 
hleh  cseapcs  partly  beneath  the  bottom  of  the  oy  1- 


loekLLtobead!nBte<i 
the  flap  (  of  tbo  lower 


{ntheeyUnder.ltforeeeowtthe  water;  ... 
Inder.  and  partly  by  rising  thronicb  the  sIiAob  nn,  and  flowing  oat  at  g.  The  door  o  being  already 
Awed,  and  that  at  d  open,  the  air  in  the  air-lock  is  in  the  same  condition  as  that  outside;  so  that 
workmen  ean  enter  it  readily.  Having  dmie  ao,  thcj  doee  the  door  d.  and  the  cock  c ;  tad  open  th« 
eoek  d,  throngh  whleh  eoBMnsed  nlr  fttm  tbe  eyUnder  rashes  apwsrd,  soon  Blling  the  alr-leek. 
When  thia  is  deae.  the  flap  t  Is  sp«ed.  aad  the  nea  daeoend  through  the  door  o by  a  ^-"' 


hoekct  loverad  by  tbe  dram  w.  te  the  bottom.  Ban  they  hwsea  and  excavate  the 
aa  they  enn ;  and,  fllHng  it  into  a  bucket  or  bag,  they  aigaal  to  thoae  outside,  who  raise  it  to  the  a  . 
look.  When  doae,  they  aseead  to  the  alr-loek,  eloae  the  door  o.  and  the  cook  at  and  open  the  ooek  s, 
ttowoff h  whleh  the  eondenaed  air  In  the  loek  soon  escapes,  leaving  tbe  Inleraal  air  the  same  as  that 
ontside.  The  door  d  le  then  opened,  the  backets  of  earth  are  removed ,  and  the  men  go  oat.  Pinally 
the  eoek  ai  s  is  opeued.  the  eondenaed  air  in  tbe  cylinder  escapes  through  it  to  the  onulde  air,  and 
the  evllndsr  sinks  by  Ita  own  weight  Into  the  cavity  and  loosened  soil  prepared  for  It  at  ita  base,  and 
whiab  Is  Bov  fNead  np  Into  the  etyllndar  by  the  rush  of  the  retnraing  water.  Tbe  proceaa  is  then 
leiiMfad  The  sinking  will  often  vary  fk«m  0  to  10  or  more  fleet  at  one  op««don.  Until  depths  of 
40  or  fiO  ft.  nmat  men  can  endure  the  preaaure  of  the  condensed  air ;  but  aa  tbe  depth  tnereasea  this 
heoemes  more  dUDeoU,  and  pusiiivoly  dangerous  to  life.  Cast-iron  cyliodera  15  ft  diam ;  and  greitt 
waissaas,  Pig  U.  have  been  thus  sank;  but  at  times  at  great  expense  and  troable. 

Tbe  ejllnder  Bbonld  be  srulded  in  iu  descent  by  a  strong  frame,  whicb 

msj  be  supported  1^  piles.    Otherwlae  it  will  be  apt  to  tUt,  and  thas  give  great  trouble  to  aetUe  It 
apoa  Us  ezaot  plaee.    Have  beea  soak  la  deep  vaser  bj  divers  undermining  inside. 

The  plenam  process  as  applied  at  the  South  St  bridge,  Philoda, 
r.  Morphy,  oontraotlng  engineer.  diflJers  materially  from  that  described  above  ;  and 
rraa  aotloe  on  sooonat  of  the  great  simplicity  andeffloacyof  his  planu      This  consisted 

-^  "^  •     [.  by  17«  ft  wide,  and  8  ft  depth  of  bold.    They 

lupported  by  the  boats,  and  over  the  apaoe  between 


by  Mr.  John  V. 
loreover  ' 


pardy  or  two  eanal  boats,  decked,  each  100  ft  lou.  by  17; 
were  aBObeved  parallel  teeaeh  other,  16  ft  apart.   8t 


. a  strong  foar-legged  sheara  about  60  ft  hich;  at  the  top  of  whleh  was  attaohcd  taekle  fbr 

handling  the  cast  iron  cylinders.  In  the  hold  of  one  of  the  boaU  was  a  Barlelirb 
(Tempreaeor  haTing  two  pistons  of  10  ina  diam,  and  9  ins  stroke ;  together  with 
its  boiler.  On  thedeck  of  the  same  boat  stood  a  Tertical  alr*tiMbk  or  re«ralator, 
S3  ft  long,  bj  S  ft  diam.  awde  of  quarter  inch  holler  iron.  This  served  to  maintain  a  aupply  of  com 
'  r  la  the  aubmcrfad  ^ylinr  "  '  * ""  """ 


lubmcrgad 
«bably  be  i 


athaiwiae  wmU  probably  be  fktal  to  the  laborers  ia  the  c 
this  sir-taak  to  the  air-look  of  the  oytlader  through  a  heei 
vaa,  aad  ao  long,  aad  so  plaoed.  as  to  extead  iteclf  as  the 


im  pressor; 
1  air  flowed 


heee  4  Insdlam,  made  of  s 

ey Under  went  down,  thus  maintaining  the 


tended  two  heavy  wooden  elamptiv  each  S  ft  wide  by  18  ins  high ;  each  composed 


L 


of  tbrae  pleoM  of  IS  X  18  laeh  Umtar  ttroncly  bolted  toMthor.  At  th«  entera  of  tkeM  «li 
iwo  inner  vertioal  rides  whioh  fleeed  efteta  ether  were  hellowed  out  lo  the  depth  of  a  fleot  \>j 
ttoe  oorreipondinf  to  the  eorve  of  the  ojUodere.  The  dUtanoe  epert  of  the  elempc  wme  rasa 
t*o  itronf  iron  rode,  baring  eorewi  and  note  at  their  end*  for  that  porpeee.  Thna  when  i 
of  a  oyllnder  wee  hoisted  bj  means  of  the  ebears  Into  lu  posltioo  over  the  spaee  between 
boau,  the  two  oonoariUes  of  the  elampt  were  brought  Into  oontact  with  It,  ana  the  ants  be 
eerewed  op,  the  oyllnder  was  flmily  held  in  plaoe  by  the  elaape.  The  shears  oonid  then  b« 
raise  another  section  of  tbe  cylinder  to  its  pisoe  upon  the  first  one.  that  the  two  mlcht  be  b 


gether.  By  repeating  this  process  tbe  height  of  the  oyllnder  would  soon  1 
the  sheers  to  place  another  section  upon  it ;  in  whioh  ease  the  nuts  of  the  eerewa  were 
loosened,  and  tbe  oyllnder  was  allowed  to  slip  down  sktwlr  into  the  water  until  Ite  top  wi 
little  above  the  surfboe.  The  sorews  were  then  egeln  tightened,  and  tbe  cylinder  again  1 
until  other  seoilons  were  added  and  bolied  to  It.  when  there  was  danger  that  the  vpward 
of  the  oondensed  sir  might  lift  a  cjrlioder,  tbe  clamps  were  raised  by  the  shears  olcer  of  th 
then  tightened  to  the  oyllnder,  and  a  platform  of  planks  laid  upon  them,  and  loaded  with  su 
The  air-lock  was  so  arranged  as  not  to  require  to  be  removed  when  a  n 
tino  was  to  be  bolted  on.  This  was  effeeted  as  follows.  Sections  of  the  cylinder  were  bolted 
in  the  manner  Just  described,  until  Its  foot  rested  on  the  bottom,  with  iu  top  a  few  feet  mbc 
water.  A  heavy  catit  iron  dlapbragrm  1^  Inches  thick,  to  form  tbe  flooc 
air-look,  was  then  placed  on  top.  Then  was  added  another  10  ft  high  section  of  the  oyllnder 
the  chamber  of  tbe  air-lock.  These  were  bolted  together :  and  then  another  diaphmn  ws 
at  top  to  form  tbe  roof  of  tbe  air-lock.  These  diaphragms  were  fumlibed  with  opentngn,  i 
doors  and  valves  corresponding  with  thoee  shown  In  Pig  IT,  and  remained  permanent! 

oyllnders  when  the  work  was  flnlshed.  If  the  depth  of  soil  to  be  paaaed  throagh  before  i 
rook  Is  so  great  as  to  require  other  sections  of  cylinder  to  be  bolted  on  above  the  top  ef  the  i 
this  may  be  done  to  any  extent.  iiia«muoh  as  It  is  immaterial  whether  the  air-Inek  is  under 

not.    To  keep  the  cylinder  both  air-  and  water-tlffht  the  fi 

the  flanges  before  being  bolted  together  were  smeared  with  a  mixture  of  red  andwhite  lead 
ton  fiber. 

South  St.  brldire,  Philadelphia.  D.  M.  Stauffer,  FrankKi 
Jour  Nov  1872.  Thirteen  cast  iron  cylinders,  in  10  ft  lengths,  1^  ins 
4.  6.  and  8  ft  diam;  weighing,  resp,  6800,  10800,  14000  lbs;  diafram 
1600,  2800  lbs  resp.  Inside  flanges  2%  ius  wide,  1  >i  ins  thick,  with  bol) 
1  Vi  ins  diam,  5  ins  apart  c.  c.  The  bottom  edge  has  no  flange.  The  wori 
on,  day  and  night,  summer  and  winter:  with  no  interruption  from  the 
floods,  or  floating  ice;  and  tbe  thirteen  cy\a  were  sunk,  filled  with  coi 
and  completed  In  11  monthii :  much  of  which  was  constimed  in  level 
the  rock,  and  bolUng  the  cyls  to  it  by  means  of  cast  iron  brackets.  Th< 
of  guides  caused  much  tilting,  trouble  and  delay.  Range  of  tide  abl 
Water  abt  25  ft  deep.  Depth  of  soil,  gravel,  etc,  6  to  30  ft.  Coet  of  eyU 
in  place,  filled  with  concrete,  140,  i64,  $92  resp  per  ft  of  total  length, 
gangs  of  men;  each  gang  workt  4  hours  at  a  time. 

Chevtnnt  St.  brldfpe,  Philadelphia.  1884-5.  Four  wrot-iroi 
8  ft  diam,  66  ft  long,  at  45^  with  the  hor,  intended  as  struts  to  pi 
the  movement  of  one  of  the  abut  piers. 

Cast  Iron  cylinders  have  cracked  thru,  around  their  entire  ci 
ference,  in  many  parts  of  the  U.  S.  in  very  cold  weather;  owing  to  di 
contraction  betw  the  iron  and  the  concrete  filling. 


The  shaded  part  of  Fig  18  shows  a  transverse  section  of  the  eals 
)r  and  cement,  for  the  BrookljB  tower  of  £ 


[»nor  jel 
pine  timber  and  cement,  for  the  Brookljn  tower  of  East  River 

iQspenslon  bridge,  of  1000  ft  clear  span.  It  is  168  ft  long  at  bottom,  and  102  fl 
A  longitudinal  section  resembles  tbe  transvenie  one,  except  in  being  longer, 
showing  more  shafts  J.  Of  those  there  are  6,  arranged  in  pairs,  for  expedition 
a  precaution  against  accident.  Namely,  two  water-shafts  J,  each  7  ft  by  6^ fl  i 
for  removing  by  buckets  and  hoisting  apparatus,  the  material  excavated  benes 

caisson;  together  witi 
water  as  may  accnmu! 
o  o ;  two  air-shafts  of 
diam,  through  which 
forced  from  above,  to 
the  water  from  the  ch 
C  S  8  D  below  the  caia 
as  to  allow  the  laboi 
work  there  at  underm 
the  expelled  water  ee< 
under  the  foot  C  D  of  th 
son,  into  the  rlrer ;  ar 
snpply  shafts  of  42  ins 
for  admitting  laborers, 
ie.  The  several  shafts  of  coarse  have  air-chambers  on  top,  ou  the  same  priaci 
Vig  17,  to  prevent  tbe  escape  of  the  compressed  air  iu  t  «. 
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•  an  or  M  Inoh  Mlar  towu    Th«  fboi  C  D,  bIbo  ttetan  blgb,  ia  aoBtinaoua.  extending 

■atfi^  araand  tbc  eaiMon;  it*  bouom  U  shod  with  out  iron  t  Uo  ftonr  oonwn  an  »irMgtb«B«d  by 
wooden  kncoa  30  ft  loDg. 

Prom  ttae  bouom.  ap  to  tbe  Uoo  V,  H,  U  ft,  tbo  eatuon  la  butlt  of  borisonial  loyen  of  ttmbon  one 
feot  aqnore;  tlie  Isyora  oreoatoir  eoeh  ether  M  rlgbt  anglca :  and  tbe  Umbers  of  each  laver  toaehing 
oaeh  otiMT  waU  foraad  and  bolted  together;  and  all  thejolou  AIM  with  pitob.  To  aid  in  proTenting 
leakage,  the  nua  and  heada  of  the  aerewa  bave  Inola* robber  waabera ;  alao  all  onuide  aeaaia.  aa  weu 
aa  aU  the  acama  of  the  la«er  of  tlmbera  M,  N,  are  thorooghlj  ealked;  and  a  larer  of  tin.  eneloned 
between  two  lajen  of  fdt,  la  placed  oaulde  of  eaoh  outer  joint ;  and  over  tbe  entire  top  of  tbe  lajor 
Bezt  below  W,  If. 

When  tbe  eeiaoon  waa  bnilt  op  to  N.  H.  on  land,  it  waa  lannebcd.  Heated  Into  poeftlen.  and  anchored ; 
alter  whleh  wen  added  for  ainfclng  it,  flfleen  ooaraea  of  tUabera  one  ft  eqnare :  and  laid  one  ft  apart 
in  tbe  dear ;  with  the  interraU  lllled  with  eonorete.  The  top  ooarae  A  B  la  of  oelid  timber,  lo  eerre 
aa  a  floor  for  anpportlng  maohlnery,  4o.  It  waa  avnk  aome  feet  below  the  verj  bottom  of  the 
fiver,  la  order  to  avoid  the  teredo. 

Criba  aro  annk  owtaldo  of  the  ealeaon.  to  Ibrm  tmnpomry  wbarree  for  boata  earrying  away  exearated 
material ;  and  for  vcaeela  bringing  atone,  to. 

Whoa  tbe  calaaon  waa  aonk,  and  the  water  foroed  oat  tnm  the  ehamber  or  apoee  C  S  B  D.workmcn 
began  to  exeoTate  nnlfbrmly  the  eneloaed  area  of  river  bottom,  ao  aa  to  allow  the  oaiwna  to  deitccod 
Olowly  nntilit  raaohodaflfmaahetratam.  The  epaoe  0  8  S  D,  aa  well  aa  tbe  abafU.  waa  then  flllH  up 
•oUd  with  eoMreie  maaonry.  A  ooav*daB  waa  hnOt  on  top  of  the  ealaaon ;  and  in  It  tbe  regular 
owaoury  of  tbe  tower  waa  aurted.  The  total  belgbt  of  thla  tower  Inolnding  the  oaleaoo,  la  about  MO 
ft.    ror  full  detaila  aeo  report,  187S,  of  W.  A.  Boebiing  the  ohlef  engineer. 

Hollow  ejlliMlers,  or  otiior  fonui  of  brickwork  or  mi^ 


i 


. aati«faotory  I 

ly  la  Arm  aolla.    The  deooeat  may  be  aaaiated  by  loading  them,  if,  aa  aometlmea  happeoa,  tbo 

ti  their  aidea  agalnat  the  earth  ontaldo  preventa  tiielr  ainking  by  tbeir  own  weight.    A  brick 

eyllnder,  46  ft  outer  dlam.  walla  8  ft  thick,  hae  been  aunk  40  ft  la  diy  aand  and  gravel,  witboot  any 

A. . ^_... ,«,  -.  ..i_..^  ^^  ^  wooden  curb  21  ina  thiok.)  and  weighed  Ml  tone  bcTore  the 

.-  .    .  I  tbe  ainkiag  waa  about  1  ft  per 


eyllnder,  46  ft  outer  dlam.  walla  8  ft  thick,  hae  been  aunk  40  ft  la  diy  ai 
flflHeuJty.  It  waa  bnlli  18  ft  high,  (on  a  wooden  curb  21  ina  thiok.)  and 
•InMng  waa  begun.    The  interior  earth  waa  exeavaied  alowly,  ao  that  t 


eapeeiaU;  „     „  „_ 

Motion  of  tbeir  aidea  agalnat  the  earth  ontaldo  preventa  their  ainking  by  tbeir  own  weight.    A  brick 

--    -__ 11am,  walla  8  ft  thick,  hae  been '  .-.  -      _ 

,.    111  18  ft  hich.  (on  a  1 

•laMng  waa  begun.  ,. 

day ;  (be  walla  being  built  up  aa  it  aaak.       Tnanel  ahafta  are  at  tlmea  ao  aunk. 

On  (ko  Bklne  for  a  coal  shaft,  a  brick  cylinder  25U  feet  dlam  was  first  thus 
— *"  *~~  Ita  own  weight  76  ft  through  aand  and  gravel ;  then  an  interior  one,  15  ft  diam,  waa  aonk  In 
■  way  to  the  depth  of  3S6  It  bolow  tbe  aarfaoe:  of  which  depth  aU  the  180  ft  below  the  llrat 
waa  a  roaning  ouiokeand.  At  356  ft  fHotloa  rendered  the  ^liader  Immovable.  The  qulok- 
•  removed  by  borlag;  ao  pompiag  waa  done ;  bntthowater  waa  permitted  to  keep  tbe  oy I  fUlL 
itire  foundation  for  a  large  pier  of  maaonry  haa  been  annk  in  thla  maaaar,  la  a  aiaglo  amM ; 
a  aufBdeat  number  of  vertical  otpeolnga  being  left  in  it  for  the  workmen  to  deaoend,  or  for  toola  to  bo 


sank  by  Ita  own  weight  76  ft  through  aand  and  gravel ;  then  an  interior  one,  15  ft  diam,  waa  aonk  In 
tha  eame  way  to  the  depth  of  306  ft  below  tbe  aarfaoe:  of  which  depth  aU  the  180  ft  below  the  llrat 
ojllndcr  waa  a  roanlag  ouioksaiid.  At  356  ft  fHotlon  rendered  tbe  ^linder  Immovable.  Thoqulok- 
iaad  was  reaioved  by  borlag;  ao  pompiag  waa  done ;  bntthowater  waa  permitted  to  keep  the  oy  I  fUlL 
Tho  entire  foundation  for  a  large  pier  of  maaonry  haa  been  annk  in  this  maaaar,  la  a  aiaglo  amas ; 
I  aufBdeat  number  of  vertical  apeolnga  being  left  in  it  for  the  workmen  to  deaoend,  or  for  toola  to  bo 
Inaerted  Ibr  undennlning.  Thla  ia  generally  a  verv  alow  and  tediooa  operation,  eapeclaily  under 
water.  It  may  often  be  expedited  by  diving-belle  or  by  diving-dreaaea.  It  will  generallv  be  better  to 
mako  tbe  maao  wider  at  bottom  than  above  it,  eo  aa  to  dlminlah  frlotion  agalnat  the  outaide  earth. 
On  laod.  water  may  at  tlmea  be  used  for  aoftenlng  the  botuun  earth.  By  keeping  the  interior  of  auob 
hellew  maaonry  dry,  it  may  even  be  built  downward  from  the  aurfboo ;  by  anderiutnlng  only  a  por^ 
don  of  lu  eiroamfbreaoe  at  a  time,  filling  aald  portion  with  maaonry,  and  then  reinoTiDg  and  nillng 
the  other  portiao ;  and  ao  on  in  auooeoaive  atagea  of  3  or  9  ft  downward  at  a  time.  This  mode  may  be 
adopted  alao  whmi  (Motion  bao  atopped  tbe  alafclag  of  a  maae  bj  ita  own  walght  whea  andarmlBed. 

Tko  MMid  piimn  as  used  at  tbe  St  Louis  bridge  will  often  Ite  of  service  in  rais- 
ing aand  fkwm  eyiladara  while  beiag  auak  in  water.  With  a  pump  pipe  of  S.5  Ina  bore,  and  a  water 
M  aader  a  proaanre  of  150  Iba  par  «q  laoh,  30  onb  yda  of  aand  per  boor  were  raiaed  125  feet.  A  Jet  of 
air  haa  alao  been  ■uooeHtallj  need  la  the  aaaie  way,  aa  at  the  Boat  River,  N  Y,  ao^enaloo  biidfa,  *«k 

Fnneliieil*  On  marshy  or  wet  qnicksand  bottoms,  foundations  may  be  laid  by 
first  depositing  large  areas  of  layers  of  fascines,  or  stout  twigs  and  small  branchea, 
strongly  tied  together  in  bundles  from  6  to  12  ft  long,  and  from  6  ins  to  2  ft  in  diam. 

Tbe  layen  or  atrata  of  bondlea  ahould  oroea  eaeh  other.  A  kind  of  floating  raft  or  large  mattreea 
b  flrat  made  of  theae,  and  then  aunk  to  tbe  bottom  by  being  loaded  with  earth,  gravel,  etonee,  Jko. 
In  this  manner  the  abutmentt  and  plera  of  tbe  great  aoapenaloa  bridge  at  Kicif,  in  Ruaaia,  with  apana 
of  440  ft,  wera  Ibaaded  la  1853.  on  a  ahlfUng  qniokaand.  There  tbe  fbaoine  mattraeaea  extand  100  ft 
boyoad  tha  baaea  of  the  maaonry  whloh  reeta  apon  them. 

Faaoiaes  may  he  aaed  la  the  aama  waj  Ibr  eaatalaing  railway  ambaakmenta,  As.  over  aaanbj 
ground,  bat  they  will  aettle  cooalderably. 

8«Bd-pil€0.  We  have  already  allnded  to  the  use  of  sand  well  rammed  in  layer* 
Into  trenches  or  foandatiou  pits ;  but  it  may  also  be  used  in  soft  soils,  in  the  shape 
of  piles.  A  short  stout  wooden  pile  is  first  driren  6  to  10  leet  or  more,  according  to 
the  case.  It  is  then  drawn  out,  and  the  hole  is  filled  with  wet  sand  well  rammed. 
The  pile  is  then  again  driven  in  another  phtce,  and  the  process  repeated.  The  inter- 
vals may  be  from  1  to  3  ft  in  the  clear.  Platforms  m^y  be  used  on  these  piles  as  on 
wooden  ones.  If  the  sand  is  not  put  in  wet,  it  will  be  In  danger  of  afterwaid  sink- 
ing from  rain  or  spring  water.  In  this  case,  as  with  fascines,  it  is  well  to  test  the 
foundation  by  means  of  trial  loads.  Some  settlement  must  ineritably  take  place 
ontil  all  the  parts  come  to  a  full  bearing;  but  it  will  be  comparatively  trifling.  The 
same  occurs  in  every  large  work  to  some  extent ;  aa  in  a  roof  or  arch  of  great  span, 
whether  of  wood,  iron,  or  masonry ;  so  also  with  all  tall  piers,  wails,  Ac,  Ac.  Bandy 
foundations  under  water  shonld  be  surrounded  by  stout  well-driTen  shee^pUlDg,  to 
prevent  the  enclosed  sand  from  running  oat  in  case  the  outer  sand  is  washed  away« 
and  should  ako  be  defended  by  a  depoMt  of  random-stona. 
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On  bad  bottoms  a  nder  water,  ■mall  arttlleial  tolaikiii  of  good  aol 
been  depoeited ;  and  the  masonry  founded  upon  them.  Canal  locks  and 
structures  may  at  times  be  advantageously  founded  in  this  way  in  marshj 
If  necessary,  a  depth  of  several  feet  of  the  bad  soii  may  be  dredged  out  ben 
firmer  soil  is  deposited ;  and  the  latter  may  be  weighted  by  a  trial  load  to  t 
subility. 

The  mode  of  laying  a  foundation  under  water,  by  building  the  masonry 
a  timber  platform  above  water,  upheld  by  stronff  screws,  and  lowerv 
the  water  as  the  work  is  finished  in  the  open  air,  a  course  or  two  at  a  tin 
of  late  been  much  employed  with  entire  success,  in  larse  bridge-piers  ir 
water.  It  however  is  not  new.  It  was  suggested  more  than  100  years  ago  by  B^ 

Piles  are  driven  6  to  10  ft  apart  arouud  the  space  to  be  occupied  by  the 
having  their  tops  connected  bv  heavy  timber  cap-pieces.  These  last  upbc 
screws,  which  work  through  them.    The  whole  is  braced  against  lateral  m 

A,CLUMPOFPiLBSWBLL  DRIVEN;  and  then  enclosed  by  an  iron  cyllnde 
to  a  firm  bearine,  and  filled  with  concrete,  is  an  excellent  foundation.  Tb( 
may  extend  to  the  top  of  the  cylinder,  and  thus  be  enclosed  in  the  concrete, 
an  arrangement  has  been  patented  by  S.  B.  Cushing,  C.  E.,  Providence,  R.  I 
cvlinder  and  concrete  serve  to  protect  the  piles  from  sea-worms,  and  from 
above  low  water ;  and  are  not  inteuded  to  supjiort  tbe  load  above  them. 

STONEWORK. 

Where  work  is  done  on  a  larse  scale,  blasting  can  sometimes  be  done  at  fi 
to  20  percent  less  cost  per  cubic  vard  by  means  of  maelftliie  drills 
djrnminite,  than  bv  nand  drills  and  arnnpowder.    Ordinarily, 

ever,  tlie  eost  Is  af»oat  tlie  «aine»  and  the  advaniage  of  the  newer  m< 
consists  rather  in  economy  of  time,  convenience,  and  naviog  the  work 
entirely  under  control  In  ordinary  railroad  work  in  average  hard  rock,  and 
common  labor  costs  SI  per  day  of  ten  hours,  the  cost  per  cubic  yard,  for  looe* 
will  ordinarily  range  between  30  and  60  cts,  including  tools,  drilling,  powd< 

Holes  for  blastlnfp,  drilled  hy  hand,  are  generally  from  2>^  i 
deep ;  and  from  1^  to  2  ins  diaiu.  Cliam-drlllliif  is  much  more  exped 
andeconomical  than  that  hj  Jumping , mentioned  below.  The  churn-drill  is  r 
a  round  iron  bar,  usually  about  1>4  ins  diam,  and  6  to  8  ft  long;  with  a  steel  ci 
edffe,  or  bit,  (weighing  about  a  lb.  and  a  little  wider  than  the  dism  of  the 
welded  to  its  lower  end.  A  man  lifts  it  a  few  inches  ;  or  rather  catches  it 
rebounds,  turns  it  partially  around  ;  and  lets  it  fall  again.  By  this  means  he 
from  5  to  15  feet  of  hole,  nearly  2  ins  diam.  in  a  day  of  10  working  hours,  d( 
ing  on  the  character  of  the  rook.  From  7  to  8  ft  of  holt's  1%  ins  diam,  is  a 
fair  day's  work  in  hard  rneiss,  ffranlte,  or  compact  siliceous  limestone;  5 
in  tough  compact  hornblende ;  8  to  5  in  solid  quartz ;  8  to  9  in  ordinary  u 
or  limestone;  9  to  10  in  sandstone;  which,  however,  may  vary  within  all 
limits.  When  the  hole  is  more  than  about  4  ft  deep,  two  men  are  put  to  the 
Artesian,  and  nil  wells,  in  rock,  are  bored  on  the  principle  of  the  churn-di 

Thejamper,  as  now  nsed,  is  much  shorter  than  the  cnum-drill.  One  ma 
holder)  silting  down,  lifts  it  slightly,  and  turns  it  partly  around,  during  the 
vals  between  the  blows  ttom  about  8  to  12  0)  hammers,  wielded  by  two  other 
ers,  the  striker*.  It  can  be  used  for  holes  of  smaller  dianieten  than  can  be 
by  the  churn-drill ;  because  the  bolder  can  more  readilv  keep  the  cutting  c 
the  exact  spot  required  to  be  drilled.  It  is  also  belter  in  conglomerate  roc! 
hard  siliceous  pebbles  of  which  deflect  the  churn-drill  from  its  vertical  dire 
so  that  the  hole  becomes  crooked,  and  the  tool  becomes  bound  in  it.  Tt 
conglomerates  are  by  no  means  hard  to  drill  with  a  Jumper.  The  Jumn 
formerly  used  for  large  deep  holes  also,  before  the  churn-drill  became  estabi 

Either  tool  requires  resharpeninff  at  about  each  6  to  18  inches  depth  of 
and  the  wear  of  the  steel  edge  requires  a  new  one  to  be  put  on  every  2  to 4 
With  iron  Jumpers,  tho  ton  also  becomes  battered  away  rapidly.  As  th 
becomes  deeper,  longer  drills  are  frequently  used  than  at  tne  t»^lnning. 
smaller  the  diameter  of  the  hole,  the  greater  depth  can  be  drilled  in  a  given 
and  the  depth  will  be  greater  in  proportion  than  tbe  decrease  of  diam.  1 
similar  circumstances  tnree  laborers  with  a  Jumper  will  about  average  as 
depth  as  one  with  a  churn-drill. 

The  band-drill,  in  which  the  same  roan  uses  both  the  hammer  and  the 
drill,  is  chiefly  used  for  shallow  holes  of  small  diam.  With  It  a  fair  woi 
will  drill  about  as  many  feet  of  hole  from  6  to  12  ins  deep,  and  about  %  inch 
as  one  with  a  churn-drill  can  do  in  holes  about  8  ft  deep  and  2  ins  diam,  J 
tame  time.  Only  the  Jumper  or  the  hand-drlUroaa  M  used  for  boring 
which  are  horiaontal,  or  much  incUned.  v^^^^  ■ 
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25  nt^SfA?^  qn»^;  cleaning  off  the  rarface  earth  and  dJFiotemtedtcS  rock  • 
Sc-T^  3fe  «o3r^Si7f*~^*'  *""*•'  *=~°*»'  *^5  the  total  nS^^p^SJ^^^oi 


1  to  2  daflriiir«.^r;»K  S  *f  ""  ^  w  *  cuo  ya  eacn,  got  out  bj  blasting,  from 
ifct-K  ™«J*!If5?  ^^  ?***  5^.* .  '^'S*  "*<*»«■'  ranging  from  1  to  1 W  cub  yda  e«:h  in 

£S  cZJ  oSt  f«  r?iS"*  **  ?°"«J^y  wedge.,  in  Snler  that  th^lndiTlduLj TtSiS  A 

2^  ?to  4  dili  wI22^  IT5!fjf^"'*'  ^"'^'^  **»  stipulated  dimensiZ!  J 

SSfc.  t^  i.SlKil^*"  pw  CTib  yard.    The  smaller  prices  are  low  for  landstono  M 

S^k  ^!^  5?^^"  '^^^^  forgranlte.    Under  ordinary  circumgtanTe^  kuSrt  M 

SitSS^^TSLfS"*!.**!.*^*  *^  «™°***  ^'  *»»•*  of  sandetone  will  be  VTw  tW  ^ 
S.Tr^.*'?  the  foregoing  limits  may  be  regarded  as  rather  fbll  prices  for  wiidrtonJ.  ^ 
Wther  scant  ones  for  granite;  and  abont  fiur  for  limestone  or  marble.       ■*™"**^» 

J^ormtltS^^^fn  SSITk    I"  ***•  ^!?*  P'~*'  f  "'^^^  allowance  shonld  be 

naae  lor  waste.    Kjen  when  the  stone  wedges  out  handsomelv  on  all  sidM  fmm  « 

tte  qnanr.  in  large  blocks  of  nearly  the  required  shape  and  s?m  from  V  to  i/ «?  / 

SL!l^^!gpfc.Tg_8?°«»''yno/ '°<>re  tl?aa  ooTer  5L?i  whe'^'w'^M^.^^  fl  J 

SUnS^^^lf  ***  ?i!^?*K  **i  **?  ^  °*'*^*»  ^'  ■*<>°«  o'  medium  ohaiicter  as  to        \ 
SSSS"   Si"**°*-n  '*^°*  ***•  ^*  allowance  should  also  be  made  lor^^-IoiSleS 
^^^     In  S^*"*'  the  atones,  the  greater  must  be  the  allowance  for  WMteiJ 
l7!S^5:-n?  ^'B*  «P*""**°^.**  becomes  expedient  to  have  the  stones  diWed  u 
SJ  "  RTiH*'  •'  *?•  ^"•ry  5  In  order  to  diminish  the  cost  of  transportotlorThic? 


Cost  or  nuMoniT.  IBrery  item  composing  the  total  cost  is  liable  to  much 
Tariation ;  therefore,  we  cu  m«rsly  giro  an  example  to  show  the  general  prin^ple 
apon  which  an  approximate  estimate  may  be  made;  awumlug  the  wA^es  of  a 
laborer  to  be ^00  per  day  of  8  working  hours;  Iwd  W.50  for  a  maa?n.  Tlie 
noMopoly  of  quarries  affects  prices  very  much.* 

iJP^VtfjT'"lf r^ftfi"'  m««»iiry.  Average  size  of  the  stones,  say  6  ft 
kmg,  2  ft  wide,  and  1.4  thick ;  or  two  such  stones  to  a  cub  yd.  Then,  suppling  the 
!^*  *^]^  panlto  or  gneiss^  the  cost  per  cub  yd  of  masonry  at  eiicib  wigem 
vfU  be.     GflUTng  est  the  mom  fhun  the  quarrj  bj  blMiinc,  aUowing  W  for  wMte  Id  -»*» 

droMtag;  IK  0Bfc3rdi,»t  $8.00  per  yard «4.00 

DftMiBg  Usq  ft  of  fhoe  at  85  on 4.M 

••       6S     "       beds  MidJolnU,  atlSota 9.96 

Veat  eoet  or  the  dresMd  stone  si  the  q«MTT 18.26 

Baallaf,eajl]nUe;  loading  and  aolowllDf 1.20 

Ifortar,  lay 40 

£iajiBg,iDdadiBffMaff»ld,holitlnKaiaehlner7,Mipertntendcnoe,*e lioo 

_^  Keateoat "iLM 

PTCaileeoBtnotor,aajl5peret 8.S 

Total  oott "SfiU 

JuaaiBg  wni  eon  siore  tf  the  fkeea  are  to  be  rounded,  or  moulded.  If  the  stenaa  axe  — »>ii—  thu 
«ehnv«aaaamed,  therevUlbemorewiftpereubydtobedreeMd,  fto.  ^™ 

ir  in  the  forefoiag  oaw,  the  atones  be  9«rftttkt  well  dreaMd  oa  all  tides,  Inelndlng  the  baek  the 
0wt  ner  onbTd  would  be  laflreased  about  |lO;  and  if  acme  of  the  aidei  be  earred,  ai  In  arahMoneiL 
•ay  lis  or  •";  Md  if  the  Moeka  be  eaivfuUy  wedgtd  out  to  giren  dlmensiooi^  916  or  $18:  thS 
■whing  the  neateoetef  thedreeaed  ■tone  1  fJU  ytiarry  aaj  $88.  tSl,  or  •iid  per  eub  jd.  ' 

«13i^  ttSl^LFl^iSLSei^lJ'^J^^^^*^^  •Teraging  2  oub  jda  eaoh.  were 
qnarrled  bj  wedging,  and  delivered  at  the  ilie  of  the  mouament,  at  a  neat  aetnal  coat  of  t6  40 
I*"  ^*J*  »5iSL?'*"1!l2?.*  ^SSf'^JjflSi'  fr«n.*«l«*7y  •!»«»«»  by  themMlrei  for  the  purpow.  The 
AasMiadoii  reeelved  no  profit;  their  aerrieea  belog  volnnUry.  The  averace  oootraet  offcriifor  th« 
«»!•.  were  tSiJOl  The  aoMal  ooac  of  getang  oufthe  rongh^bloek.  at^JSienT'S;  S.70.  LoS 
lag  apoQ  tmoka  at  anarry,  ahont  16  ete.  TranaporUUon  8  miles  by  railway  and  oommon  road  fttflS. 
lSMr».40i    la  l«lol6«6}eommeanBaklUed  labor  atwaglng%l  per  dVy.  ""»"«».•»•». 
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n»  ItMB  or  Iwlni  wlU  b*  aMh  iMTMMd  If  tlM  itaM  hM  to  be  ntaed  to  tnM  Mtbto;  «r  If  It  k« 
to  be  mach  hMdled;  uwbea  eiwrled  in  aeove.  to  be  depo»ited  in  wnter-pten,  Jko.  Almocieven 
teife  work  prewote  oertain  modifying  peeolinrlttee.  which  nanet  be  left  to  the  Judgment  of  tbe  engi 
n«"r  *>>f  oontneior.    The  pereentege  of  oontnotora'  proAt  will  uaoally  be  leae  on  Inrge  works  tZa 


Cost  of  ashlar  flRef  njr  maaonrj.  If  the  stone  be  sandstone 

with  good  natornl  beda.  the  getting  oot  may  be  pat  at  tS.OO  per  euUe  yard.    Faee  drvesing  at  M  -^ 
"^^tTLfd  Sn  S.     ^"  °        '**    "****  "*  ^"*"**  18  ctt  per  eq  ft;  eay  fLIt  per eab  jd.    The  i 


And  tlie  total  cost  oflarire  well  aeahbled  raa^od 
■aoaatono  manoiiry  In  mortar,  may  be  uken  at  about  tlO  per  oab  jd 

CJoat  of  larye  seabbled  irranlte  rabble,  mch  as  is  leeiierally  ued  as 
backing  for  the  foregoing  ashlar ;  stones  ayeraging  abont  ^  cub  yd  each : 

I<abor  at  $1  per  day*  ewbjjrf 

OeMiag  ovt  the  stoDO  fhMB  the  qnany  by  blasting,  allewlnf  X  fbr  waato  la 

•oabMlag;  l^enb  ydsatfiM $L*a 

Baallag  1  mlla,  loading  and  naloading      1.9 

Mortar  i  (S  oab  fl,  or  1.6  etmok  baahele  ouiekllme,  either  in  lamp  or  gioaad ; 

and  10  oab  ft,  or  8  etmok  baabol*  or  eand,  or  grarel ;  and  mixing) l.Sd 

BeabbUng ;  laying,  indndlng  leaibld.  hoieting  maeblnety,  to 7M 

Kent  ooet &6S 

Preflttoooatraotor,  e^yUperet 1.W 

Total  ooet t.St 

Common  rabble  of  ■mall  stonea,  the  average  siae  being  micb  as  two 
men  can  handle,  coets,  to  get  it  out  of  the  quarry,  about  80  cts  per  viird  of  piJe; 
or  to  allow  for  wute,  say  $1.00.  Hauling  1  mile,  gl.OO.  It  can  be  roughltr  acabbM, 
and  laid,  for  $t.20  more ;  mortar  as  foregoing,  $1.60.  Total  neat  cost,  $4.70 ;  or,  with 
16  per  ct  profit,  $6.40,  al  the  above  wc^ee/or  tabor. 

With  smaller  stones,  toeh  aa  one  man  ean  handle,  we  may  aay ,  etone  TO  eta;  haoltBg  tl : 
-      - ^-  ^ ^ ti-Sfe       ^' - 

. ,-.  ,_-banm 

ler  of  the  atone  Ae.  The  laying  of  thin  walla  ooau  more  than  that  of  ihiok  onea.  atieb 


for  dwellings  Ac  in 
PTcrythlwg.    '"  " 


laying  and  aoaflUd.  tools  *o,  tl :  morUr  $IM.  Vaklag  the  neatooatt4.»;  or  with  M  per  ec  pniCc.  %ijf»- 
Heat  aeabbled  Imgalar  range- work  ooau  from  tl  to  tt  more  per  yd  than  rabble;  aoeerdlaa  to  thoeharae- 
lerof  the  stone  Ae.  The  laylngor  thin  walla  ooau  more  than  that  of  ihiok  onea.  atieb  aa  abotmenu  *«.» 

The  eoMt  of  plain  8  Incli  thick  ashlar  CscinKS  for 

PlilindR,  la  1898,  ifl  aboat  aa  followa  per  square  foot  showing,  put  np,  inoToding  i 
sioue,  $1.50  to  SS-25.    Penasylvanla  marble,  tS-M.    Mew  Engisnd  marble,  tx.75 

ta.25  to  $2.75.    ire  ins  thick,  dcdoct  ono-etghth  part.  First  elass  artlflefai  stone 

oottld  be  made  and  pnt  ap  st  one-third  the  price.  North  Ri  ver  Mae  StOne 

flaffS,  8  ins  thick,  for  (botwalks,  pnt  down,  teeiading  gravel  *«.  TO  ou  per  so  aoi.  Bel viSB 
Street  pavementy  with  grayei,  complete,  $8JS0  per  sq  yard  in  Eastern  dtiea 

When  aressed  ashlar  facing  is  backed  by  rubble,  the  expense  per  cub  yard  of  the 
entire  mass  will  of  course  vary  according  to  the  proportions  of  the  two.  Thus,  if 
ashlar  at  $12  per  yd,  is  Iwcked  by  an  equal  thickness  of  rubble  at  $5,  the  mean  cost 
will  be  ($12  +  $5)  +  2  =»  $8.50 :  or  if  the  rubble  is  twice  as  thick  as  the  ashlar  then 
($12  +  $5  +  $5)  -i-  3  »  $7.33,  ^c.  Sueh  eompound  walls  are  weak  and 
apt  to  separate  in  time,  as  also  walls  of  cut  stone  backed  by  concrete,  or  by  brick : 
from  unequal  settlement.of  the  two  parts. 

At  tlmee  the  oontraotor  most  be  aIlowe4l  eztim  in  opening  new  qaarrlee:  In  fcrmisc 
short  roads  to  his  work ;  in  digging  foandatloos ;  or  for  pnmping  or  oiberwlBa  dratataf  them,  whaa 
•priDfs  are  nnexpoctedly  met  with ;  for  the  oenters  for  arehea,  Ao ;  nalaes  (heee  iMam  are  STpfawly 
iMlaM  ia  the  aeauaet  per  oob  yd. 
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EETAmiNG-WALLS. 


Art.  1.  A  v«taiiiiBip-wall  It  one  for  mistatnhig  the  pre^;r4 
•r  ewth.  Mud,  or  oth«r  JISui^  or  hadting,  depodted  behind  it  aftor  it  is  built;  !■ 
distiiictSoB  to  a  feee«WAll,  which  is  a  similar  structure  for  preventing  the  fall  of 
earth  which  ia  is  its  ondlstarbed  natinml  position,  bat  in  which  a  Tert  or  inclined 
boe  has  been  excavated.  The  earth  is  then  in  so  consolidated  a  condition  as  to  exert 
tittle  or  no  lateral  pros,  and  therefors  tb*  waU  may  generally  be  thinner  than  a 
retaining  oae. 

Thii,  howeTvr.  wUl  depeed  upon  the  oatere  and 
BMf  tfmi  «f  Che  Mntm  In  vhleb  the  fko«  Is  est.    If 


ft  are  of  rort.  wtih  lmw|weJ  bed*  of  tiMj, 
mnh,  or  nuid ;  sad  If  thcjr  dip  or  iDolise  tinrsrd  the 
wmn,  h  nej  reqaira  to  b^  of  tar  greater  i 


ir  areatei 
II;  taBeaoi 


than  aa7  orflnairy  retalnlnff-wall ;  "baeaQ—  when  the 
thia  ■nam  of  oarth  bceome  aoftened  \if  Inflltratlag 
rain,  they  act  aa  labriM,  like  eoap,  or  tallow,  to  fk- 
oUitate  tho  aildiiif  of  the  rock  itraU :  aad  thus  hrinf 
an  iiariane  iweaagaiMtthowsit'  OrtlMtoeku^ 
ho  eat  la  moaao  hy  the  action  of  froat  spoa  the  elajr 
Huaa:  or.  aa  aooMtiaMa  oeeam.  hy  the  troBMr  pra* 
doood  by  paeaiac  tralaa.  Svea  U  there  bo  ao  roek. 
aciil  ir  tho  atnta  of  eotf  dip  tovard  the  waU.  Hmts 
will  a]«mya  be  daii|or  of  a  aiMilar  reealt;  aad  addl> 
tioaal  preesatiooa  maat  bo  adopted,  eapedsUy  whan 
th«  -trata  reaeh  to  a  moeh  grealer  helcht  thoa  the 

wnll.     A  Terttcal  wall  has  both  e  o 

aadtfevart. 

Experlenee,  ratlier  (ban  tbeo- 

ry,  mast  be  our  guide  in  the  building  of 

both  kinds  of  wall.    We  recommend  that 

the  hor  thickness  a  6,  Vig  1,  at  the  base  of  a 

▼ert  or  nearly  rert  retaining-wall  e  d  fr  «t, 

which  sostains  a  backing  of  either  siind,  gravel,  or  earth,  level  with  Its  top  e  d, 

as  in  the  fig,  should  not  be  less  than  the  following,  in  railroad  practice,  when  the 

fbtuidations  are  not  more  than  about  three  feet  deep. 

nrkeii  ilie  baekiny  to  deposited  laeaelj,  as  nsaal,  cu  wAca 
dumped  from  carUf  car«,  dx. 
WaU  of  aU-sUme^  or  of  firtt-eUm  large  ranged  rvJbble^ 

<•  mo^tar....Ji.h .86  of  iU  entire  veH  keigU  d  b. 

•*      0ood  common  toaiMed  morUtr^uiMe^  or  brick.  A  "  "  "      •• 

-      weU^iCabbled  dr9  rubbU 6  "  "  **      " 

ffith  good  masonry,  however,  we  may  take  the  height  d  $  instead  of  d  h,  and  then 
the  above  proportions  of  d  i  will  give  a  sofficieut  thickness  at  the  grouud-iine  o  t. 


Wlhen  the  bsieklnii- Is  somewbat  eonsolldate«l  In  hor  layers, 

each  of  theee  tiiickuesses  mag  be  reduced,  but  no  rule  can  be  given  fur  this. 

The  «ibet  o  s,  in  firont  of  the  wall,  is  not  inclnded  in  theso  thicknesses. 

Wboo.  however,  tho  boektag  le  a  pare  eleaa  wad.  or  gravel,  we  shoald  em  oaly  the  Ml  dines. 
4lMHi :  loaaaiaeb  ao  the  treimir.  eaased  hr  paiwlnr  tnrinH.  voold  DeatnHxe  aoy  nippo»«d  adrantaga 
trum  fmamring  OMteiiaH  m  dereld  nf  oohedea.  8aeh  nand  may  be  rnmined  with  maoh  advantage 
*€tr  the  porpoee  of  oninp««tin«  It  In  foandntlfioii :  hnt  a  dlfT  principle  Ik  involved  In  that  ease.  When 
U  is  deaoevcn  with  eohrelve  earths,  with  a  view  or  ■aviog  manonrj  iu  retaining-walli.  it  U  probable 
ttet  tho  expeaae  will  geacrally  he  fSsand  qntte  eqnni  to  that  of  the  maaonry  tared. 

'*he  baae  a  &  In  Pig  1.  la  -^  of  the  height  h  d.  In  the  foregoing  tbicknruet  at  bate,  the  back  d  h 
01  the  wall  la  rappoeed  to  be  vert :  and  the  faoe  « a  either  vert,  or  battered  (sloped  or  inclined  baek* 
wud)  to  ao  extant  not  exceeding  about  IH  inehee  to  a  foot;  whioh  limit  It  it  rarely  adTiiaUo  to  ex* 
•eed  to  praetloe,  owing  to  the  bad  eSaot  of  rain,  Ao,  open  the  aaortar  when  the  batter  la  great.  Tha 
baaa  of  a  vert  wall  need  not  in  fMt  be  as  thiok  aa  one  with  a  battered  faoe ;  bnt  when  the  batter  doaa 
MC«sBeadl.&iaohaaioafaotttbodiff  lavaryaoMU.    See  Table,  Art  7. 

:  1.  A  miactvre  af  sand,  ar  earth,  with  a  larire  propartlon 

lowLoaai  paving  pebble*.  Ao,  will  weigh  eonetderabi v  more  than  the  niateriala  ordiaarlly 

efclag;  aad  will  exert  a  greaur  prea  agaiaat  the  wall ;  the  thickneaa  of  which  abonld  be 

inereaaed,  aay  aboat  one-eighth  to  oae-siztn  part,  when  aach  backing  haa  to  be  used. 

RsM.  2.  The  wall  will  be  stronger  if  all  the  eonrses  of  masonrj  be  laid 
with  an  inellnatlon  Inward,  as  at  oeb\  especially  if  of  dry  masonry, 
or  if  time  cannot  be  allowed  (as  it  always  should  be,  when  practicable)  for  the  asofw 
tnr  to  wt  properly,  before  the  badiing  is  deposited  behind  it.    The  oliject  of  inclin- 


naedferbaeklag; 
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inr  the  cotmes.  Is  to  place  the  JoInU  more  nearly  at  right  anglea  to  the  dltM 
/P,  Figs  6,  7,  and  8,  of  the  pres  against  the  hack  of  the  wall ;  and  thns  dim! 
th«  tendency  of  the  stones  to  slide  on  one  another,  and  cause  the  wall  to  bulge. 
When  the  courses  are  hor,  there  is  nothing  to 
vent  this  sliding,  except  the  fHction  of  the  stones,  one  upon  the  other,  when  of 
jQtiwnry ;  or  friction  and  the  mortar,  when  the  last  is  used.  But  if,  as  is  freau« 
tlie  case,  (especially  in  thick  and  hastily  built  walls,)  this  has  not  had  time  to  hai 
properlv,  it  will  oppose  but  little  resistance  to  sliding.  But  when  the  courses 
ii>ciined,  tiiey  cannot  sUcte,  withont  at  the  same  time  being  ii/Ud  up  the  incli 
planes  formed  by  themselves.  In  retaining- walls,  as  in  the  abuts  of  impor 
arah«s,  the  engineer  should  place  as  little  deuendence  as  possible  upon  mortar; 
■hoold  rely  more  upon  the  position  ot  the  Joints,  for  stability. 

Aiv  oltfMlloD  to  thla  iBOllBlag  of  tbfl  JoiDU  Id  dnt  (wtthoat  morur)  walta,  !•  that  rata- water,  fU 
»a  ibm  tettarvd  flMe,  ii  tbsnb/  ourled  {award  to  iba  aarth  baeking :  vhieh  tbaa  baeoiMS  aoft. 
pcitliM.  Tbia  may  be  la  a  graat  oiaaaure  obvlaied  bj  lajing  iba  outer  or  raee^ooureea  hor:  o 
uilBg  mortar  for  a  depth  of  onlv  aboat  a  foot  from  tbe  feoe.  Tbe  top  of  the  wall  ■boald  be  vruu 
bj  a  DoplDg  0  d,  yig  I,  wbioh  bad  better  prq{eot  a  few  ioa  in  front.  After  the  muMonry  baa 
buiii  up  to  the  aorffaee  of  tbe  ground,  the  foondatlon  pit  aboald  be  filled  np;  aod  It  Is  well  to 
■alldaie  the  filling  by  ramming,  eepedallj  In  fhmt  of  the  wall. 

The  bMCfc  il  6  of  th«  wall  sbonld  be  left  roacli.    In  brickwor 

vwuid  be  well  to  let  ererj  third  or  fourth  eonrae  prqjeet  aa  laoh  or  two.  Thii  Inereaaes  the  Mt 
vt  tb«  earth  agalnet  tbe  baok,  and  thus  caoaea  the  raanltant  of  the  foroea  aoting  beblnd  the  wi 
bweeie  more  nearl/  rert ;  and  to  fkll  fartber  within  the  baae.  giving  Inereaaed  etablUty.  It  aieo 
ducea  to  atrength  not  to  make  eaob  oourae  of  uniform  height  throaghont  the  thlokaeee  of  the  i 
bui  lo  have  aome  of  the  atonea  (eapeeially  near  the  back)  ■ulIMentlj  high  to  reaeh  up  through  t« 
ibrM  oonreee.  Bj  tbIa  meant  the  whole  maaonrj  beoomea  mora  effipotuallj  Interlooked  or  boi 
E4J«afb«r  aa  one  maaa :  and  therefbre  Icaa  liable  to  bulge.  Very  thlek  walla  may  eoaalat  of  a  lb 
bI  aiaaoBiy,  and  a  baeking  of  oonerete. 

Raw.  S.  It  ie  tbe  pree  Iteelf  of  the  earth  agalnat  the  baefc.  Chat  oreataa  the  fHotioo,  which  la 
Bodleiee  the  action  of  the  prea ;  aa  the  wt  or  prea  of  a  body  upon  an  Inollord  plane  predueee  IHc 
beiPntn  tbe  body  and  tbe  plane,  iufflelent,  perhapa,  to  prevent  tbe  body  from  eliding  down  it.  i 
talBlng-wall  li  oeefthrawn  by  being  made  to  rerolve  around  iu  outer  toe  or  edge  «,  Pig  1.  aa  a 
9riiA,  or  tomlng-point ;  but  in  order  thus  to  reTolve,  Iu  beek  must  flrat  plainly  riae;  and  in  d 

ao  must  rub  agalnat  tbe  baeking.  and  thus  eneounier  and  overoome  this  frietlon. 

fHetlon  ezlsu  tbe  same,  whether  tbe  wall  standa  firm  or  not ;  aa  in  the  oaae  ol 

body  on  an  inclined  plane ;  the  only  dllT  Is  that  In  one  case  It  preeenM  motioo ; 

in  the  other  only  rttard*  ll. 

Where  deep  rr€»eBtnir  oeeani  the  back  of  the  wall  she 

be  sloped  forwards  fbr  S  or  4  ft  below  Iu  top  as  at  e  o.  which  should  be  quiu  am 
ao  aa  to  leeeen  the  hold  of  the  fttwt  and  prerent  displacement. 

Bn.  4.  When  the  wall  is  too  thin,  it  will  generally 
by  bnlirinn-  ontward,  at  about  V<i  of  *ta  height  abore 
ground,  as  at  a,  in  Fig  i.  A  alight  bulging  in  a  new  « 
does  not  wcestarily  prore  it  to  be  actually  unsafe.  Ii 
gcnemlly  due  to  the  newness  of  the  mortar,  and  to 
greater  pres  exerted  by  the  fresh  hacking ;  and  will  of 
cease  to  increase  after  a  few  months.  It  need  not  ez4 
apprehension  if  it  does  not  exceed  l/i  inch  for  each  foot 
thickness  at  a.    See  Remark  3,  Art  7. 

Art.  2.  Tbe  ywrng  engineer  need  not  In  practlee  eoneem  bimoelf  partloulariy  aboat  tbe  ran 
ap  auAV  or  ■»  BAcanra.  or  about  the  ahulb  or  blopb  at  which  It  wilt  stand ;  for  the  material  wl 
be  lieposiu  beblud  his  wall  one  dar.  may  be  dry  and  ineoberent.  ao  as  to  slope  at  1 4  to  1 :  the  i 
daf  rain  may  oonvert  It  Into  liquid  mud,  aeeking  lu  own  level,  like  water;  the  nest  It  may  be 
canable  of  sustaining  a  considerable  load,  u  a  vert  pillar. 

Moreover,  be  cannot  foretrll  what  may  be  the  nature  of  hie  baeking;  for.  as  a  general  rule. 
HLuit  oonslst  of  whatever  tbe  adjaoent  excavation  may  produce  tnm  time  to  time:  eand  to*da.v.  i 
Uy  in'>rrow,  ko.  Reulnlnc- walls  are  therefore  usually  built  beforo  tbe  engineer  knows  the  ehara 
»f  Lb«ir  backing;  so  that  Id  practice,  these  theoretical  cnoslderations  have  comparatively  but  I 
wvjflii.  Theory,  uncontrolled  by  obaervatlon  and  oommon  sense,  will  lead  to  great  erron  In  e< 
iepartBMat  of  engineering ;  but.  on  tbe  other  hand,  no  amount  of  experience  alone  will  compem 
Ibr  aa  ignorance  of  theory.    Tbe  two  must  go  band-ln.baod. 

Again,  tbe  Bettlenieiit  of  tbe  baefclnic  nnder  Its  own  wt«  al 

by  the  tremors  produced  by  heavy  trains  at  high  speed ;  its  expsuasion  by  frost 
by  the  infiltration  of  rain :  the  hydrostatic  pressure  arising  from  the  admission 
th9  latter  through  cracks  produced  in  the  backing  during  long  droughts ;  as  wel 
its  lubricating  action  upon  it,  (diinlnlahing  its  friction,  and  giving  it  a  tendenc] 
■iide,)  kti^  exert  at  times  quite  as  powerful  an  overturning  tendency  as  the  legitim 
iheoretical  pres  does.  The  action  of  these  agencies  is  gradiutl.  CareAil  obsenrat 
•f  retalning-walls  year  after  year,  will  often  show  that  their  battered  fhoes  are 
tctuing  TerticaL  Then  they  will  begin  to  incline  outward ;  and  '"ventoally  the  i 
will  thil.    Theory  omits  loads  that  may  come  on  bi^kimrincreading  iU  prea. 
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;  1 JL  OflBM  tba  thMretleml  pre*;  and  t 
grmalM.  ua  baa*  tor  atutaloing  i 


Aflnunisg  the  tlMorattcal  Tiews  adyanoed  by  Profesfor  MoMley  to  be  convct  u 
flieoriee,  the  thickneMee  which  we  hare  recom mended  in  Art  1,  for  mortar  walla, 
eoireepond  to  from  7  to  H  tim«#;  and  fur  dry  walls  about  10  to  20  times,  the  pres 
aaigned  by  him ;  and  we  do  not  consider  ours  greater  than  experience  has  shown 
to  be  DBcasBsry.  See  Table  a.  Betaining- walls  designed  by  good  engineers,  bat  in 
too  close  accordance  with  theory,  (which  assumes  that  a  resistance  equal  to  twice 
the  theoretical  pres  is  sufficient,)  hare  failed ;  and  the  inference  is  fair  that  many  of 
tlioaa  which  stand  haTe  too  small  a  coefficient  of  safety. 

Tke  flMC  Is,  (or  at  least  a*  it  appears  to  as,)  thore  most  be  dotoets  in  the  thooroUoal  aaoomptlooB  of 
oono  of  tho  moot  promlnont  vrflers  wbo  glvo  praodoal  nileo  oo  thU  sahfeet.  Thus  Poaoekt.  who 
ecrtatalj  Is  at  iheilr  head,  states  that  his  ubios,  for  prseUeal  use,  gtve  ihiekDeoses  of  base  for  sus- 

»Mlders  amplj  safs.    Tet.  for  a  Tcrt  w»U  of  oi« 
.  r  stMUloing  dry  aapd  lovol  with  tho  Um.  as  io  Pig  1,  is  J6  of  tho  Tort  bclgbt ; 

and  for  briek.  .16.  Bat  the  vritor  foaad  that  «*•»  luu  ^uk/ict  to  Irmor.  a  iroodrn  model  of  a  rert 
•.^,  '•**^*.^  **?'*?•  ?rJ!^**  !t  Jt^  "*'**  a  base  of  Ji  of  lu  height,  balanesd  perftcUj  drj  sand 
sloplBs  at  IM  to  1,  and  veighiag  8*  fts  per  cab  tu  ir^        f     j 

Kow,  raa  aasmTAacB  or  sotiLAB  walls,  or  ras  saicb  Dncaasiows, 
TABxas  AO  maim  srscinc  aaArmas ;  and,  oinoo  granite  voighs  aboat  166 
Ibo  per  e«b  foot,  or  6  lUues  as  maoh  as  oar  model.  It  follows,  weooooelve. 
that  a  vaU  of  that  material,  vith  a  base  of  .36  of  iu  height,  mast  have 
a  rooUtaBoe  of  6  Uoms  any  trtf  tk^oretteml  preo.  instead  of  oolr  1.8 
times :  and  that  his  briok  wail  mast  have  aboat  6  times  tho  mora  bal- 
anolng  reststanoe.  Oar  esperimcnta  were  made  la  an  apper  room  of  a 
stronglj  bailt  dwelling ;  and  we  foand  that  the  tremor  prodnoed  bj  pass- 
ing Tohloles  la  the  street,  bj  the  shutting  of  doors,  and  walking  abont 
the  room.  snlBoed  to  gradaalljr  produee  leaning  in  walls  of  oonniderablj 
more  than  twios  the  mere  balancing  stability  while  qulei;  and  It  appears 
to  as  that  the  lajurioas  etfecu  of  a  heavy  train  would  be  comparatively 
inlte  as  great  apon  an  actual  retainiog-wall,  snpporting  so  uioobealve 
%  material  as  dry  sand. 

Sinee.  thciafore,  Poooelet's  wall  Is  in  this  lastaaee  suflleienUy  suble 
tor  ^roctfes,  it  seems  to  as  that  his  theory,  which  negleets  the  etfeet  of 
tremors,  As,  mast  he  defhetivo.  He  also  gives  ^  of  the  height  as  a  suf- 
fleiently  sato  thlekness  for  a  vert  granite  wall  sa pportlog  »tif  0mrth ;  bat 
we  suspect  that  very  few  engineers  woold  be  wilUng  to  trust  to  that  pro- 
portion,  when,  as  asaal,  th^  earth  is  damped  in  from  carts,  or  ears :  eope> 
elallj  doriac  a  rainy  perKMl.  If  deposited,  and  consolidated  In  Isyrrs, 
theory  oonid  scarcely  assign  any  thickness  for  the  wall ;  for  the  backing  thus  becomes,  as  it  were,  a 
oiass  of  nabamt  briok.  exerting  no  her  throst :  and  requiring  nothing  but  protection  from  atmo«pberle 
Influenee.  to  Insure  Iu  st«bllity  without  any  retainitig-fiM.  It  Is  with  great  dllBdenoe.  and  distrnst 
In  ear  opinions,  that  we  venture  to  express  doubu  respecting  the  assamptions  of  so  profound  an  in* 
vestigator  and  writer  as  Poncelet;  and  we  do  so  only  with  the  hope  that  the  views  of  more  compo< 
tsnt  persons  than  onrselves,  may  bo  thereby  eliolied.  Our  own  have  no  better  foundation  than  ez> 
periaMBts  with  wooden  and  brlek  modala,  bj  osrselves ;  oomMnod  with  oheervatloa  of  actual  walls. 

Art.  S.  After  a  wall  aheo^  Fig  8,  with  a  Tert  back,  has  been  proportioned  by 
our  rule  in  Art  1,  it  may  be  converted  into  one  with  an  oflbetled 

bihefcf  as  a  t  n  o.  This  will  present  greater  resistance  to  OTertuming;  and  yet  con« 
tain  no  more  material.  Thus,  through  the  center  t  of  the  back,  draw  any  line  t  n ; 
from  n  draw  n  t,  rert;  divide  1 1  into  any  evm  number  of  equal  parts;  (in  the  flg 
there  are  4 ;)  and  diTide  t  n,  into  or«  mnr*  equal  parts :  (in  the  fig  there  are  6.)  From 
the  points  of  division  draw  hor,  and  vert  lines,  fbr  forming  the  offsets,  as  in  the  flg. 
In  the  offsetted  wall,  the  cen  of  grav  is  thrown  farther  back  from  the  toe  o,  than 
In  the  other,  thus  giring  it  increased  lererage  and  resistance:  but  within  ordinary 
practical  limits,  the  diff  is  rery  small ;  and  since  the  triangle  of  supported  earth  is 
great«r  than  when  the  back  is  Tert,  its  pres  is  also  gn^ter,  so  that  probablv  no  ap- 
preciable adrantage  attends  that  consideration.  The  increase  Of  thick nesft 
near  tbe  lMMie,diniiniBiies.  however,  the 
levenHge  v  a,  Flir  9*  of  <he  prea/Py  of  the 
rarth  against  the  back.  The  center  of  prenwrt  of 
this  pres  is  in  both  cases  at  %  the  Tert  height,  meas- 
ured from  the  bottom;  and  it  is  therefore  plain  that 
the  fartlier  back  from  the  front  it  is  applied,  the  shorter 
most «  a  become.  MoreoTer,  in  the  offsetted  back,  the 
direction  of  the  pres  becomes  more  nearly  Tert  than 
when  the  back  is  upright  It  is  to  these  causes,  rather 
than  to  the  throwing  back  of  the  cent  of  grar,  that 
the  ofBwtted  wall  owes  its  increase  of  stability  oT3r 
one  with  a  Tert  l>ack. 

Art.  4.  When,  a*  In  Fi|r  4«  the  backlihf:  la  hifcher  than  the 
wall,  and  slopes  a%ray  from  iu  itUMr  edge  d,  at  the  natural  slope  d  s,  of  IV^  to  1,  wo 
are  confidant  that  the  following  thicknesses  at  base  will  at  laast  be  foi^^^^ijf^ 
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for  vert  walls  with  aand.  They  are  defaced  fh>m  the  ezperimeato  Just  altaded  to^ 
aiMl  are  but  rude  approziBatious,  with  no  ecientiflc  baeia.  We  shoold  not  lutTe  Im- 
serted  thent,  but  for  tbe  fact  that  we  ksow  of  no  others  fur  this  oaie. 

The  first  column  contains  tlie  rert  height  t  v.  of  tbe  earth,  as  compstf«d  with  tbe 
Tert  height  of  the  wall :  which  latter  is  aasnmed  to  be  1 :  so  that  the  table  bef^u 
with  backing  of  the  same  height  as  the  wall,  as  in  Pig  1.  These  Tert  walls  may  be 
changed  to  others,  with  battered  teoes,  by  Art  8 ;  or  without  any  such  proosediBg, 
their  faces  may  be  battered  to  any  extent  not  exceeding  IW  inches  to  a  foot,  or  1  te 
4,  without  seusibly  aflfecting  their  stability,  without  increasing  the  base. 

TABI«E  1.    (Original.) 
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■    1 

jSS-^ 

i 

H? 

w»n 

of 

Qood 

Mortar 

Wall 

Wan 
of 

Good 

Mt>rtar 

Wall 

oil^ 

Cat  Stone, 

Rubbte. 

of 

55| 

CvtStoae 

Rnbbia, 

»r 

n 

in 
Mortar. 

or 
Briok. 

KS^T 

IH 

lo 
Mortar. 

or 
Bitek. 

ciJ? 

Tbiekne 

M  at  BaN.  in 

paruer 

parts  ar 

thshaifhu 
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.66 
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.4i 

.47 

.61 

S.6 
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.66 

.TS 

1.S 

.46 

.61 

.61 

t. 

.61 

.67 

.77 

l.S 

.40 

.64 

.64 

4. 

.66 

.66 

.76 

1.4 

.61 

.56 

.66 

6. 

.64 

.66 

.79 

1.6 

M 

.67 

.67 

6. 

M 

.76 

J» 

1.6 

M 

.60 

M 

14. 

.66 

.71 

M 

l.T 

M 

.66 

.70 

16. 

1^ 

.66 

.61 

.71 

WBoie 

.66 

.76 

.66 

Art.  9.  But  when  the  slope  n  r.  Fig  5,  of  ly^  to  1,  starts  Irom  the  oulm'  edge  a 
of  the  wall,  greater  thickness  is  required.  Poacelet  gives  the  fallowing  for  tUs 
oaae,  for  drjT  MUMi. 

TABI.R  S. 


w«ii 


Bif.5. 


.4n& 
Mi 

Ml 


of 


.4611 


Mt 


i! 


I 


wwr 


Wsa 


14 

Ke 

4.0 
11,0 


t.66 
IJI 

t-t» 
1.16 
19 
IJI 
1^ 


When  the  earth  reaches  above  the  top  of  the  wall.  a«  In  Ftge  4  and  6.  the  wall  la  ■lirdiwrfpcdl  t 
ant  the  earth  that  U  above  the  top.  Is  oalled  the  stracw  Aaas.   When  the  sareharte  is  oarotally  de»estw6 


aboTv  the  wall,  no  as  I o  slope  back  at  a  steeper  annle  than  IV(  to  1.  as  naj  at  1  to  1.  Iheorj- 
reqaire  the  wall  to  be  as  thiek.  NotwUhstanding  Ponoetot's  high  position, tbe  writer  eannot 
that  the  base  of  a  briek  wall  need  b^  so  peat  as  1 H  timee  tu  helf  ht  for  any  height  of  saad 

Art.  9.    On  the  th4H>ry  of  retalnlnK-walls.    Let  5  e  a  ta,  Vig  o,  bt 

aach  a  walU  upholding  backing  or  filling  c$mg;  the  upper  surf  e  •  of  which  is 
hor,  and  level  with  tbe  top  b  e  of  the  wall ;  and  let  m«  represent  the  nat  slope  of  the 
eartii  which  composes  the  backing ;  m  g  being  hor. 

Abondaot  experience  on  pablie  works  shows  that  this  slope,  whether  fbr  sand,  frsTal,  oraarlk 
when  dry.  nsjr  be  pmetlealiy  Uken  at  IH  to  1 ;  that  Is.  1^  hor.  te  I  of  vert  nraamrementr  whtai 
MRwpondstoanaB4losii»9Q(M0  41' wiihthehar;  whleh  is  also  aheat  the  a^**  M  wMeb  hriels 
end  rouf  hij  dressed  aaaonrj  begia  to  slide  on  eaeh  other.    This  angle,  howerar,  Tailes  rmsidsta 
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Mf;  batef  crMflv  laBa—Bil  ^  Um  fagwt  tf  irnwt,  mr d«MpMM,  of  Mm  fluiterUi ;  ao  Ikmt  nod** 
riWiy  <■■■»  Msi  or  «wrtk  wtU  Maad  at  •  al^p*  of  1  lo  U  flr  ai  •>  aacl*  of  W*.  Wluamwr  It  a^  ba, 
UteaaUadmBAJMUovHATBMrBor  UMOMMrtal  iM4«r«MMM«n«loo.  In  UMortalcal  flalMlMioM 
^  vaOa,  ii  U  utet  U  ■M«ae  (h  w«  have  doM  throvglMQt)  that  tha  baeking  ii  ptrfeoUj  dry,  alBat 


< 


ttaprtiiatbaagrtaiart;  wflaai  It  ba  Mp^dMd  to  be  m  w«t  at  lo  poM«M  mbm  degrae  ef  flatdltj.  Um 
trfaaslc  em«  of  aarth  aboto  tha  sat  riope  m«,  lefida  to  ilide  dowD  said  tlepe,  bot  ia  preTanted  firom 
•o  dotog  by  tbo  vail. 


It  I*  anaaicd  to  aH  aajoa,  tbat  tikm  wall  N  oaomred  trom  tUMM  atone  lu  boM.Artt.  that  It  ia 

thtok  oooocb  to  prefoat  Mlara  by  kuMmm;  aod  that  It  wlU  fail  oaly  by  OMftttrnM^.  by  routing 
arodad  itt  toa,  c,  aa  a  ftdotom.  tlM  thlaiptai  natfaaaary  to  Inaare  aafety  afynit  tlte  laat  vlU  alao  ba 
tbttlfteff.   Vawralb 
nataivl  atopa  m  *.  ■ 


u-r  to  Inaare  aafetv  afynit 
ig  tmlf  to  Pig  6  iHtii  a  Tert  baok,  If  tba  angle  •  at  a,  ton> 
a  tart  lloe  oi  •,  dMwn  from  tbe  inner  bottom  edge  m  of 


talttad  bacareoh  tba  . 

iba  vail,  ba  dlvldad  by  a  Una  at «.  iMo  tiM  Of  nal  anglea,  o  m  l.  f  it  «.  tben  the  angle  o  m  iia  oalied 
ma  tJ»iM,  and  ■•  I  ran  «ix>rs,  ov  UAXunm  ranauiuk  Tba  Uiangalar  prlau  of  earth,  of  wbleh 
oai  ( la  a  aeetlon,  of  an  ettd  view,  to  oaOcd  YWb  r«uM  o»  max  paaa ;  beoauae,  If  oonaidcred  aa  a  wodge 
aeting  agminat  the  baeh  of  the  vail.  It  ireald  prodoee  a  gteatef  pfes  upon  it  than  wonld  the  enUre 

'  ..M .--. j_     For  although  the  laat  ia  the  hoa»leet,  yet  it  ia 

...  ,._  ..  t*  to  be 

Ifonned 

n  tf  {jTinifraiidm  e  Tert,'  the  tvo  fbnft'aa  aagta  o/'Wfo':  eonaeqnently  the  angle  of  max  praa 

Is  pUlaly  fonnd  by  taking  tbe  angle  •«#  of  nat  alope  trom  iW°,  and  diT  tha  ran  by  t.  Thna  a  nat 
atopeoT  IKtal.or  S30  41',takan  from  WK^,  Ua?ee  66°  ly ;  ahd  ^J^  ^  SS^  IT,  the  COr- 

rcgpondtay  »iiirle  o  m  i  of  maM  pre«. 

Por  CMe  of  eatebmion,  obly  one  fMt  of  tbe  ten^tlk  of  the  «rall,  knA  of  Its  backing,  la  asually  oon- 
~  '     ■  - fWl  td 


aeting  agminat  the  baek  of  the  vail.  H  ireald  prodoee  a  gteatef  pfea  upon  it  than  wooM  the  < 
triangte  e  m  •  of  earth,  oonaidered  aa  a  aingle  wedge.  Por  although  the  laat  la  the  heaviest,  ye 
nwre  supported  by  the  ew>th  beto#  It.  CatBulalton  ahowa  that  If  ««  dsftalder  the  earth  o  m  • 
Ihosdlrtnnwvdgaa  byanyUnaaaCtbawadfethSiWlUpreaa  aaai aninat Ma «rdl  tothalfd 
whaam<dlTktostheaogl«oaa«,artlMano<,tiitotWDaaaaipaR«.  BWaaaAiiU.. 
Sioee  mf  Is  hor,  and  at  e  Ten,  the  two  fbnft  aa  angle  of  WfO;  eonaeqaently  the  angle  of  mai 


Tbe  nnmber  of  eub  ft  of  wall,  or  of  backing,  ia  then  equal  to  that  of  the  afuara 
their  raspeecire  prodleo,  or  eroaa-aeetlona. 

Now,  iteeordio^  to  Um^j,  If  w«  hiatme  tbe  particleg  ef  mrth  cotnpoaing  tl)€> 
bttcking  to  be  perfectly  drv,  and  devoid  of  cohesion,  (or  tendency  to  sticic  to  each 
otiMr,)  which  ia  veiy  uearly  tbe  case  ia  pure  sand;  aad  if  we  suppoie  tbe  wall  to  be 
soddesily  remoTed,  then  the  triangle  of  earth  cmt^  comprised  between  the  slope  m  t 
of  max  piMi  aad  the  Tart  baek  c  mof  the  wall,  Ffg  6,  w<mld  slide  down,  otidet  the  In- 
fliieaoe  of  a  force  whiirh  m^y  be  represented  by  y  P,  acting  in  a  dtrecf^bn  y  P,  At  rfght 
an  glee  to  the  face  c  if»  of  the  triangle  of  earth ;  (or  in  other  words,  at  right  hnglee 
to  liie  back  of  the  Tert  wall,)  its  oenUr  of  force  being  at  P,  dintant  %  why  between 
m  and  c,  measnred  ftom  the  bottom ;  and  Its  amount  equal  to  either  of  the  following : 
^  -  Ptrppru  W^  0/  ttg  triangU  of  earih  c  m  t  X  o  t 
*•*•  yP       *  vert  depUm  ux  ' 


HoS. 


Parppn 
yP 


Art  11. 


It  tiew  of  tbe  great  nncerUnty  Inrolved  in  the  matter  of  the  actual  t>re8sure  oi 
earth  agahiet  retaining- walls  in  practice  (see  Art  2.  ),  and  in  order  to  forhish 

a  simple  rale  which,  although  entirely  unsupported  bv  theory,  is  still  (in  tbe  writer's 
opfnioo)  snfDciently  approximate  for  ordinarr  piHictical  purposes,  we  shall  assume 
tliat  No  1  of  the  two  foregoing  formulas  applies  near  enough  to  walls  with  in- 
^Hifeed  bM;kil  e  m,  abo,  an  Figs  7  and  8,  (precinely  as  they  are  lettered,)  at  least 
Mill  th^  bibck  of  the  wibll  Incline  forward  as  miich  a«  6  Ins 
iMr,  §0  1  ttt&t  irei^i.  m-  at  an  angle  cm o  of  2eP  34'.  What  follows  on 
r»taiBlBff*walto  will  Involve  thiii  Incorrect  nMiimpf  ion,  and 
■ioftt  ho  rogMfded  merely  mm  ffirfnir  raie  afyproximatlvii. 

Some  ffsar  to  «Mme  tide  pirja/iHIv  to  be  the  only  one  acting  against  the  back 
of  tiM  wall}  aatf  ience  titfrd  at  errotieou^  practical  conclusions.  Poi'  when,  in 
order  to  prerent  tUi  force  firom  cititthig  the  triangle  of  6arth  to  slide,  Wd  placi  £ 
retainine-wall  in  fh>nt  of  it,  then.  Instead  of  motitm,  tbe  force  will  produce  pre$  of 
the  esra  agaimit  the  wall,  cauaing  /rietum  between  the  preai^^i^r^Dee  of  the 
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mnh  rim]  wall,  TltAt  ii^  If  a  wall  were  to  begin  to  oTertarn  eroand  iti  toe  < 
fuJcmtii,  iM  ItftCk  cm  m-oMt  of  course  rise,  and  iu  so  doioK  must  mb  anSni 
««rtb  fllliiig  Ja  coutuct  with  it;  and  this  rubbing  would  eTidently  act  to  tflniMa 


of^rLnmiiiK.  5o  laag  u  the  wall  doee  not  more,  the  same  ft-iction  aeeiste  ii 
vtmting  oTi*TtnmiaK-  To  ascertain  the  amount  and  effect  of  this  friction,  let  y  1 
a.  TftpruMout  h^  waaU  lUi^  force  perp  to  the  back  c  m;  and  supposed  to  hare  beei 
flc  jsly  caJculHtrd  by  thu  foregoing  formula  No  1.  Make  the  angle  yP/  equ 
the  angle  of  wall  friction,*  draw  y/  at  right  angl 
y  P,  or  parallel  to  m  c ;  make  P  x  equal  to  y /,  and 

Elete  the  parallelogram  P  y/x.    Tlien  will  x  P  repr 
y  the  same  scale,  tlie  Hmoant  of  tlie  flrlet 
Affainst  tlie  baefc  of  tlie  wall. 


Hence  we  hare  acting  at  P,  two  fo 
namely,  the  perp  force  y  P,  and  the  friction  x  P ;  c 
quently,  by  comp  aud  res  of  force,  the  diag  /  P  o 
parallelogram  P  y/x,  if  measured  by  the  same  ecalc 
give  us  the  amount  of  their  resultant ;  whiell  is 
•pprox  ■InflTle  tli«orettcal  force,  botl 
nmoaiitand  In  direction,  wbleli  tlioi 
lias  to  reslfti*  including  the  wall  friction. 

But  this  force, /P,  is  also  alwavs  equal  to  the 
force  y  P,  mnit  by  the  nat  sec  of  the  angle  y  P 
the  wall  friction ;  (or  dirlded  by  its  nat  cosine)  ai 
course  may  be  ascertained  thus : 


■f  aftriangt*  v  «  •  v 


nat  «M  ofamgtt  j  P  f 

tfwMfriction        ^ 


•Ho/^ 


coty  Pf  Xom 


r>r  iliinill^rt  if  It  l<*  uiunifid,  as  we  do  throughout,  that  the  earth  Is  perfectly  drj 
ts^ziuch  a»  ITR  prossiirp  It  then  the  greatest)  and  that  the  angles  of  nat  slope 
o(  wa!L  fricLioh  an  tlj^in  43ach  33°  41'  or  1.5  to  1,  then  in  Figs  S,  7  and  8,  if  the  i 
cm  a  b4>twee«<  tha  tuck  c  m  and  the  vert  o  m  doee  not  exceed  about  2(P  34'  we 
iMnme 

^'^'^"pr^  fT"^****  -  wt  of  trianffle  e  «  t  X  .64S 

whleh  Ladudee  the  i£tioD  of  the  friction  of  the  earth  against  the  back  of  the  t 

Rait.  t.    Wlien  the  back  of  Uie  wail  Is  oflbetted  or  steppoi 

in  VIg  S^  IniteaiJ  of  Ik^iok  simply  battered,  as  in  Fiss  7  and  8,  the  direction  o 
prei  of  the  earth  will  Le  the  same  as  if  the  back  hacT  the  batter  <  a. 

RsiL  2.  Mow  to  And  l»otii  the  overtnrniny  tondeney  of 
earlii,  and  the  rf>iiAt»ni.e  of  the  wall  against  being  overturned  around  its  to< 
a  fojrrum.,  Aral  And  tlw  ren  of  grav  g  of  the  wall  and  through  It  dr 

vert  Mnaffh,  Prolong /?  towards  oand  draw  a  v  perp  to  it.  By  any  scale  i 
•  (»=  wt  lit  wall,  and  i  i  ^calculated  preH  /P.  Complete  the  parallelngram  t 
and  draw  Its  diagonal  t  n,  which  will  be  the  resultant  of  the  pres/P  and  of  tl 
of  the  wall ;  aud  ah'-iihl  for  safety  be  Huch  that  n  J  be  not  ieu  than  about  one 
of  r.  m,  ei-*Ti  irW/i  hrM  mfisunrt/  ftml  nnyifldinq  toil.  Otherwise  the  great  preseu 
near  the  tm?  n  raxiT  eiiher  fracture  the  wall  or  compress  the  soil  near  that  | 
o  thai  the  v^aX^  Jrlll  Iv-an  forward.  In  walls  built  by  our  rule,  Art  1,  or  by  1 
p  filO.o  i  will  be  :n»>rt>  tlmn  one-fifth  of  a  m.  The  pres/P  if  mult  bv  its  iev< 
a  e  will  s^fd  \h..'  mo  nit  111  of  the  pres  about  a;  and  the  wt  of  the  wall  mult  1 
Isvcrago  «ef  will  give  that  of  the  wall.  The  wall  is  safe  from  overturning  in 
portioM  as  Ma  motneut  ox  coeds  that  of  the  pres.  It  is  assumed  to  be  safe  ag 
Mltd:  >\  h'^eakintf,  or  tdtUng  into  the  joil. 

*  Tills  anic:le  of  wall  friction  is  that  at  which  a  plane  of  masonry 
bt  iBeUif^  ia  lb*  horittiDUii  i»a  that  dry  kand  or  sarth  would  slid*  down  It.  It  la  abooi  tho  m 
Art aat  ilapi,  or  U^  lt%  or  tp&tol;  and lu aat ssoaat  ii l.S>t.  and  iu  nat oos  Jtt. 
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^mm^,4L  If  the  eartb  slopes  downwArd  firom  C,  as 
at  A  or  B,  instead  of  being  hor  as  in  Figs  6,  7,  8,  use  the  wt  of  the 
earth  emn  instead  of  cm  t,mn  bein^  the  slope  of  max  pressure. 
In  A  the  point  of  application  will  still  be  at  P  (at  one-third  of 
•»  c)  as  in  6,  7,  8;  but  in  B  it  will  be  a  little  higher  as  explained 
below  for  Fig  9. 

finreliArired  walls  are  those  in  which  the  earth  backing 
extends  above  the  tops  of  the  walls. 

According  to  theory,  when  as  in  Fig  9,  there  is  a  surcharge 
V  e  *  of  backing,  slopine  away  from  c  at  ite  natural  slope  e  v, 

the    max   pres  against  the  wall    is  J^ 

aKtained  when  the  earth  reaches  to  ^ 

the  leTel  of  d,  where  the  slope  mtd 

of  nwx  pros  intersects  the  face  of  tlie 

iiat  elope  C0;  so  that  if  afterward  tite 

earth  is  raised  to  v,  or  to  any  greater 

height,  no  additional  pres  is  thereby 

thrown  against  the  bHck  of  tiie  wall. 

So  also  if  the  earth  slopes  from  b,  or 

from   between  c  and  b^  except  tliat 

then  the  slope  m  d  of  max  pres  must 

extend  qp  to  meet  this  other  slope. 

The  AMTOx  i  mate  amou  n  t 

of  tfie  oblique  pres,  when  the  wail  is 
surcharged,  (as  in  any  of  tlie  Figs  4, 
5, 0,)  may  be  found  on  the  same  prin- 
ciple as  when  the  earth  is  level  with 
ita  top;  namely,  instead  of  the  trian- 
ffU  cmt  of  earth,  Figs  6,  7,  8,  9.  find 
...e  wi  ol  uUi  the  earin  a  k  mt,  Mg  4, 
<tf  m  i  r,  Fig  5,  or  c  d  m.  Fig  9  (If  the 
surcharge  reaches  to  d  or  v,  or  higher), 
between  the  slope  m  d,  Fig  9.  m  t.  Figs  4  and  6,  of  max  pres,  the  back  of  the  wall,  and 
the  front  slope;  omitting  any  which,  like  den.  Fig  6,  rents  on  ilie  top  of  the  wall 


(and  thus  adds  to  its  stability)  when  the  slope  starts  in  front  of  c. 
this  weight,  then  for  dry  backing  the 


top  c 
Having  found 


S!jSSXtel7  }  -  Wt  er  me  earth  x  .648, 


appro: 

Inclndlng  the  action  of  the  friction  of  the  earth  against  the  back  of  the  wall;  near 
enough  (in  the  writer's  opinion)  for  practical  purposes  in  so  uncertain  a  matter: 
but  essentially  empirical. 


Tbe  direction  of  the  pressnre  thus  found  will  be  the  same  as  when  the 
earth  is  level  with  the  top  6c;  namely,  as  in  Figs  6  and  7,  first  draw  a  line  as  Py 
perp  to  the  back  cm,  whether  vert  or  inclined.  Then  draw  another  line',  as  ?/ 
making  the  angle  jr  P/ =  the  angle  of  wail  friction,  which  we  all  along  assume  to 
be  330  41',  or  1.6  to  1.  Then  P/  will  give  the  direction  of  the  pressure.  But  its 
point  of  application  will  not  alwavs  be  at  P  (one-third  of  the  height  of  the  wall 
aboTe  m)  as  heretofore;  for  in  all  coses  It  will  be  at  that  point  P,  or  at  some 
illfrlier  one  as  A,  where  the  back  is  cut  by  a  line  i  P  or  e  A,  Fig  9,  drawn  from  the 
cen  of  graT  of  the  sustained  earth  (omitting  any  that  rests  immediately  on  the  top 
6e),  and  parallel  to  the  slope  md  of  max  pres;  and  such  a  line  will  strike  at  one- 
third  the  height  of  the  wall  only  when  the  sustained  earth  <em  or  dcm  forma  a 
complete  trf  ansle,  one  of  whose  angles  is  at  the  inner  top  ed<ce  c  of  the  wall. 
IBSU  other  oases  said  line  for  a  surcharge  will  strike  above  P. 
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Art;.  7.    On  ptge  408,  lig  1,  we  reoommend  that  the  base  « t  »t  the 
line  of  well  bnilt  vertical  wells  ahoold  not  be  len  tfaao  Oft,  or  A  or  ^  of  ttae 
height  d  $  aboTe  leid  line,  depending  on  the  kind  of  maeonry.    Bat  a  waU  wilh  a 
l»»ttere<l  (inclined)  fhmt  or  fiuse  ae  foand  by  Art  8,  (by  which  tha  Mlowiag 

table  was  prepared^  will  be  as  strong,  and  at  the  same  time  contain  Iom  i—oary 
than  a  vert  wall,  althongh  the  battered  one  will  have  the  thickest  bMe  oe. 

Table  S,  of  tlif  efcnemes  at  iMMe  o  «,  Wig  1,  and  at  tap  e  d,  af 
walls  with  Imttered  faeea,  eo  an  to  be  an  strong  aa  Tartical 
ones  wbleb  eontain  more  masonry. 

For  tbe  enb  jds  of  masonrjr  abowe  o  «  per  foot  ran  of  wall,  molt  Oe 
sonare  of  the  vert  height  d«  by  the  namber  in  the  oolomn  of  cab  jda.    — 
edd  the  fbandation  maeonry  below  os. 

(OrlglnaL) 


AU  the  wall!  below  have  tiw  eune  etrengtli 
M  a  vert  ooe  whoee  hue  oa.  flc l=.a6 

AU  tha  wmliv  Mow  hero  tbJ  AU  the  wmlla  helvv  have  (to 
■aaMstreottbaeaTorionel    eame  ctraBgih  na   a  «■% 

of  it!  ht  d 

1, 

WhOM                           -       - 

iwse  o  s,  flc  1=.4 

one  Whose  bue«e,  Wf  1= 

ofitahtdt. 

.ft of  its  tttfs. 

Ont  atone. 

Mortar  nibUo. 

DtrrabUa^ 

Batter.  In 
Ins  to  an. 

BaM,in 

puor 

Top,  in 

0  yd.  per 
ft  run. 

Base,  in 
pu^or 

Top,    in 
puof 

"ffur 

BasMa 

Tttp,  la 

^.rtir 

0 

^60 

J160 

.01296 

.400 

.400 

.01482 

.600 

.600 

J81S62 

^ 

.352 

.810 

.01226 

.401 

.869 

.01407 

.601 

.460 

JOilTt% 

.366 

.270 

.01168 

.408 

.890 

.01889 

.603 

JOO 

xtaw 

^H 

.359 

.234 

.01098 

.408 

.288 

.01280 

.606 

Ottl 

Mtn 

2 

.364 

.197 

.01039 

.418 

.246 

.01220 

.610 

.348 

.01580 

?^ 

.871 

.168 

.00989 

.419 

.210 

.01166 

^16 

jm 

.01628 

S 

.379 

.129 

.00041 

.426 

.m 

.01111 

.622 

.272 

U>1470 

fA 

.389 

.096 

.00898 

.436 

.143 

.01070 

.628 

.286 

J01416 

4 

.400 

.066 

.00863 

.446 

.110 

.01028 

.687 

.904 

J0I872 

6 

.426 

.007 

.00800 

.468 

.061 

.(K»61 

.666 

.188 

.01288 

Triangle 

.429 

.000 

.00794 

.490 

.000 

.00907 

.612 

.000 

.0US8 

Xoseley  and  others  qaete  Oadraj,  fbr  a  dkt  savo  sLoraia  at  «<>.    It  woald  be  better  to  c 

elrenlstio^  I*""**  •••••''"••  "~'-*-^~-      "^ — *■ — •■—»•■—---■-.  -- • •     - 

bodjo 

mto.. , 

pert  drj  earth  sloping  aft  i  <«  i,  or  «a^:  out  as  wo  oe  not  neiiere  la  the  exiscenee  of  sn^  att**k  ^ 
emit  siieh  tables.    Sand,  gravel,  and  earths  maj  be  motatened  to  dllT  degree*,  se  as  to  atandut  am 
r  and  vert:  and  br  uoiateuiDc  and  rammiDs.  tha  Mrth.  m.*  k«  ^w,.^^^  i..T.r?y 


man  suoo  laoies.  nana,  gravei.  ana  eartns  maj  be  motatened  to  dlff  degree*,  se  as  to  ataadaT 
angle  between  bor  and  Tert;  and  by  moiateuing  and  ramming,  tbe  earths  mar  be  eoorerted  1b^«^ 
Dsot  masses,  exerting  litUe  or  no  prea;  and  maj  eren  so  eontinoe  after  ther  Seoome dry;  beinc  ^T 
In  feet,  a  kibd  of  air-drled  briek.  It  is  lometimes  dlfflonlt  to  know  whether  oarth^sSduSrtK?; 
dry  or  not :  and  an  •xt»*dimglw  small  degree  of  moistora  wfU  caose  them  toTand  at"  to  1  uTsMk 


dry  or  not;  and  an  sxesscHaflir  ami ^ -.««.—«  «.„  .^,„  »„„„  „  ,i___  „  ,  «» i   ■•• -- 

heaps,  su^aa  hare  probably  been  oMerred  by  the  aatboritles  on  the aabJeet.  The  wrtov fba^dtSa 
Vne  Band  nrom  the  seashore,  and  under  ooTer.  wonid  sund  at  m  to  1  di^ng  w»m  dn^wnZw  aS 
It  1  to  1  when  the  air  was  damp.  Yet  no  dilT  whatever  in  Its  decree  ^  ~''-^^^-^-^*'*g'-*"* 
«e  Ibellng.  It.  snsee«>tlMHty  tS  dampness  was  of  coIJse  oing^ffSu  ??i?h«dSli^?2f2^ 
"f'  ^?'5*  •*•  o«l"«J««»  »•»*•  standfag  atltelona  table  :&teoftu-as  w  owlaifi.  2iS? 
when  it  b  damped  In  large  qaantitle.  fh>m  earta  and  wheelbarrows,  im  stape  ta  aSSTlM  tJ??^ 
5'jaT:ran'?!;.SlSS:'  •*"•  ««  b.  n-d  h.  praetioal  oaloalatloas.  Where's.!^  SSJiiSJSSiiSj 

force  ta  hor :  jnd  i.  .ppli«l  near  the  top  of  the  ^11 :  .'i  c..BM^ne»twlu  SieJSl 
about  the  toe  of  the  wall  is  very  ehort  Moreover,  the  simple  vWoS  of  thi  tiX^S? 
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■MiiMiiii  to  be  applied  et  ^  of  the  height  from  the  bottom ;  nor  Indeed,  can  it  be 
cmlcvUted  at  alL 

Rkm.  2L  Wtearf  wallfl  are  an  instance  where  the  thickneae  ehonld  be  increased, 
notwithetmndinig  that  the  pree  of  the  wattsr  in  front  helps  to  sustain  them.  The  earth 
beldiid  each  walls,  is  not  only  liable  to  be  very  heayily  loadnl  when  Tessels  are  dis- 
chargiog;  bnt  is  apt  to  become  saturated  witb  water,  especially  bolow  low-water 
level ;  and  thos  to  exert  a  very  great  pres  against  the  walls.  Moreover,  the  water 
geU  milder  the  wall:  and  by  iu  upward  pressure  virtually  reduces  its  weight,  and 
conaequeotly  its  stability.  The  same  cause  of  oonrae  diminishes  the  friction  of  the 
wall  upon  its  base.  Such  walls  are,  therefore,  Tery  liable  to  slide,  if  the  foundation 
is  smooth,  and  horixontal ;  and  have  done  so  even  when  the  foundation  had  a  con* 
■iderable  inclination  backward,  as  in  Fig  1.  See  Art  9. 
Sbm.  8.  A  reulalns-vall  !■  asuUj  la  frsatcr  dancer  for  s  few  nonthi  after  Iu  eonpletlon,  than 
timt  ha»  been  allowed  for  the  mortar  to  harden  perfeotlj ;  and  for  the  backing  lo  aetUe.  When 
arc  mutMmam  ot  the  aaretv  of  a  new  wall,  It  would  be  well  to  place  ttronff  temporarr  aborca 
It  k.  at  nboBi  H  ^  H  9tltM  hetsht  above  sreuid.  la  aone  caMt.  permanent  battresMs  of 
irr  nuy  he  haili  for  the  pnraoee.  They  thonld  be  well  bonded  Into  the  wall. 
.  4.  The  pTH  or  the  earth  baeUns  wiU  be  maeh  rednoed.  If  the  flnt  few  feet  of  It*  height  be 
ip  In  thin  hor  layen,  to  be  eonaoUdated  by  bdng  need  bj  the  maaonc  lontead  of  tcaflbldlaf;  as 
St  a,  riff  1.    rTeqneatiy  thie  eaa  be  done  withoet  ineonvenienoe ;  and  at  very  trifling  oeet. 

Art.  8.  To  ebaiiM  a  wert  retalnlnir-WAll,  loto  one  wltb  m 
bflhttorod  the^^  whleb  oliall  preoeni  an  equal  reslstanee 
nfralnat    OTertarnlnin    alUiouffh   reqalrinar  leM   ma»onrw. 

This  is  sometimes  termed  a  tranaformatlon  of  prollle.    (Original.) 

Let  a  6  o  <,  Fig  10,  be  the  vert  wall.  Mult  its  base 
ai,b9r  1.2»;  (lJS476  is  nearer;)  the  prod  will  be  the 
baae  os,  of  a  triangular  wall  6ee,  possessing  the 
same  stability ;  and  yet  not  requiring  much  more 
than  half  the  masonry  of  the  vert  one.  See  Rem  1. 
This  being  done,  suppose  a  wall  to  be  desired  with  a 
face  batter,  of  say  8  ins  to  a  ft;  or  1  in  4.  Prom  the 
point  n,  where  the  face  of  the  triangular  wall  inter- 
sects that  of  the  vert  one,  step  off  vert  any  4  short 
equal  spaces ;  and  from  the  upper  one  m,  step  off  one 
^MMse  hor,  to  v.  Through  «  and  n  draw  the  dotted 
line  M  t,  which  evidently  will  batter  1  hi  4.  Then  is 
b  $  t  o  approximately  Uie  reqd  wall ;  but  a  little 
thicker  tlian  necessary.  To  reduce  it,  from  t  draw 
the  dotted  line  (  6.  Mark  the  point  e,  where  this 
line  intersects  the  face  a  t,  of  the  vert  wall ;  and 
through  e  draw  d  <,  parallel  to  «  /.  Then  is  b  d  2  o 
the  reqd  wall.  Our  fig  is  drawn  in  an  exaggerated 
manner,  so  as  to  avoid  confusion  in  the  lines.  Tlie 
twee  o  e  of  the  triangnlar  wall,  would  not  in  reality 
te  near  so  great  as  it  is  represented. 
It  will  be  observed  that  as  the  bese  Increases,  the  quantity  of  masonry  diminishea 
ROL  1.  The  battered  wall  will  In  fket  be  safer  tban  the  vert 
one.    The  battered  wall  has  the  snme  moment  of  stability  as  the  vert  one ;  nnd  the 

pree  of  the  earth  agalnK  It  alao  remain*  Bnehaoged,  bat  the  moii»«Mf  or  l«nd«HCf  of  the  prm  tA  upiet 

the  wall  baa  beoaae  leoa.   for  let  a  t  m n.  Pig  11.  repreaent  a  vertical  wall ;  and/e  i' 

iireetion  of  prea  behind  It.  (Per  eaae  of  lUostration,  we  have  placed  o  aboM  the  true 

sanb  Ullng.  which  woald  he  at  one-third  of  a  n  above  n.)    " 

>n4s  to  oTertom  the  wall  arooad  Its  toe  m,  is  the  diet  m  $, 

a(>arar«d  tnm  the  toe  or  fulemm  m.  and  at  Hirht  anfle*  to 

be  dimetlon  /o  •  o  of  the  |>rea :  and  ihic  lereraiv  mult  by 

the  force  /o.  fdvee  the  orertnmln*  n«n»1encj  or  moment  of 

raid  rnree.     Bee  "  MomenU  and  toveraM."  Again. 

let  a  M  y.  lepreicnt  a  triangalar  wall  of  the  aame  tUbHIty 

a*  the  etbor.  aa  fonnd  by  oar  rale.    Ben  we  itlU  have  the 

wroe  saonat  /e.  and  direction  /e  «  e.  of  pres  ferae  against 

ihe  wall;  bnt  It  now  ecu   to  orertnrn  the  wall   an  9 

amnnd  the  ioey;  and  therefore,  with  the  reduced  leverage 

*.•.    ConM^oently.  IU  overtamlng  tendenoj  Is  lets  than 

W>f««re.     Tberefere.  la  ordinary  taagnage,  we  maj  aaj  that 

Hie  wall  la  atronger  than  beTere,  althoagh  its  moment  of 

sublllty,  »r  sundlag  tendency,  has  In  itself  undergone  no 

fMU«.    ir  the  prce/o  against  the  vert  back  were  hor.  aa 

In  the  ease  of  water,  then  Its  leverage  woald  erldenUj  be 

the  same  In  both  walla:  and  the  proportion  between  the 

evertomlnff  moment  of  the  prea,  and  the  moments  of 

stability  of  the  two  wnUs,  would  be  oenstant. 
■-W  s.  In  attempting  to  rodnoe  the  masonry  by  adopt- 

1..  .  ..11  •  h  e.  Fig  10.  of  •  triangalar  section :  or  of  one 

ii^rtV  nomehlng  n  triangle,  special  attention  nbonld  be 

^e^MtlManaMty  of  the  mawnry  near  the  thin  toe  c; 

whMwill  eClMnriae  he  apt  to  orach,  or  fkll  under  the  pros 
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line  8.  MoBBOTSS,  mna  comvos  moktab  n  inurb  irrrBoirr  ab  admixtvbb  or cbmbbt.  whiel 
should  be,  ill  r«UiluluK-watu,«b«r«dunaiUuv  U«u  oiijcol.  BcrMt  tmum 
tionable;  iuaauiuco  it*  Ute  raiu,  ooubluwl  wftti  fruai,  ^,  tuwa  deatroja 
Ur.  Id  auob cu««,  tbererore.  ibt)  baiter «iiould  notexoecd  1  or  1^^  Ids  u> 
cv«n  ihea,  at  leut  tbe  poiuUug  of  tbe  Julnu.  and  m  few  Reel  In  boifb 
the  apper  and  Um  lower  oourMt  of  mMoorj.  »liould  be  deu*  wlui  ei 
oouMDV-morur.  W«  bavo  ob«ervod  a  mo«t  Aiarkod  diff  Id  ibe  eorronioD  o< 
tar,  where,  in  the  •ame  walla,  wUh  the  eame  exposure,  oue  poriloa  haa  b 
with  a  vert  fkoe ;  and  auoiher  with  a  baiter  of  but  \yi  Inch  to  a  foot, 
mortar  will  nerer  eet  properlj,  and  cootloue  Urm,  when  It  U  czpoaed 
ture  from  the  earth.  ThU  Is  verj  obeerTable  near  ibe  tope  and  bo 
abuu.  retaining- walU.  A«;  the  llnie-Bioriar  at  those  paru  vill  gnu 
foond  to  be  rendered  en ilrelj  worthless.  A  proflle  sosiewhai  Jike  Fig 
at  times  prove  servloeable,  Instead  of  the  triaBgalar.  This  Is  the  for 
Qothio  buurass ;  which  probablj  had  lu  origla  la  the  oanse  Just  spoks 

Art.  9.  A  retainlnir-WMll  majr  slide,  wil 
iT'je  1Q       ■••inir  'te  verUe»llfty;  and,  indeed,  without  any 
riP   l/C'       of  being  ovortaraed.    Tliia  is  very  apt  to  occtif  if  it  i«  bull 
^  a  hor  wooden  platform ;  or  upon  a  level  gurf  of  rock,  o 

^ifhont  other  means  than  mere  friction  to  prevent  gliding.  This  may  be  ol 
ly  iaclining  the  base,  as  in  Fig  I;  by  founding  the  wail  at  guch  a  depth  as 
\  ide  a  proper  resistance  fh>m  the  soil  in  front;  or  in  case  of  a  platform,  by  ae 
ftnt>  or  more  lines  of  strong  beams  to  its  upper  sorf,  across  the  direction  in 
^^Lidiug  would  take  place.  Oa  weft  clay,  friction  mav  be  as  low  as  fro] 
\  J,  the  weight  of  tne  wall ;  on  dry  earth,  it  is  about  J>^  to  *^;  and  on  sand  or 
about  ^  to  ^.  The  friction  of  masfinry  on  a  < 
pUtform,  is  about  ^^  of  the  wt,  if  dry ;  and  ^ 

€onufterf6rta,  shown  in  plan  at  e  e  e.  Pig  IS.  e 

an  IncreaM  of  the  thickness  of  the  waU,  at  iu  baA,  at  regal 
vals  of  iu  length.  Wo  oonoelre  them  to  be  but  little  betu 
waste  of  masonry.  When  a  wall  of  this  kind  falls.  It  bI 
varlablr  separates  from  Its  coanterforu :  to  which  It  Is  o 
BierelT  by  the  adhesion  of  the  Bwrtar ;  aad  to  aallfht  extea 
boadiag  of  tbe  Duwrnry.  Tbe  Ubie  la  Art  f  shows  that  a  very  small  addition  to  the  base  of  i 
siieaded  bj  a  great  Increase  of  lu  strength;  we  iberefore  think  that  the  mason rj  of  ooai 
^on\d  be  mooh  better,  and  more  eheaplj  emploTcd  in  giving  tbe  wall  an  addlUonal  thlekne 
lt«  entire  length ;  and  for  the  lower  third  of  lu  height.  Connterforu  are  very  geo«raUj 
tfltninlng  walls  bj  Saropean  engineers;  but  rarely.  If  erer,  by  Americans. 

Un  tftrewies  are  like  coonterforU.  except  thai  they  arp  placed  i*/iromt  of  a  wall  laeta 
hind  It :  and  that  their  proBle  Is  generally  triangular,  or  nearly  so.  Tbey  greatly  inereaee  lu  a 
but.  being  nnaightly,  are  seldom  osed,  except  as  a  remedy  when  a  wall  la  seen  to  be  fUUng. 
LAIld-f  leu,  or  long  rods  of  iron,  hare  been  employed  as  a  makeehift  for  npholdlng 
lahnlng-walU.  Extending  through  the  wall  from  lu  face,  tbe  land  ends  are  oooneeted  erltb 
of  masonry.  cast-Iron  or  wooden  posts;  tbe  whole  being  at  some  dist  below  the  anrflMe. 

ReftAlnlnar  walls  with  carved  profiles  are  mentioned  here  merel; 
lEob  the  Toung  en^neer  against  building  them.  Although  sanetloaed  by  tbe  pructioe  of  an 
amhorliies.  they  really  poesess  no  merit  sulBelent  to  oompensaie  for  the  additional  expraee  a 
tit  of  tbeir  eonatruotlon. 

Art.  10.     Among  mllltarr  laen,  a  i«talnlng-wall  Is  eaUed  a  revetl|ient.     W 

fmrtb  is  level  with  the  top,  a  scarp  revetment;  when  above  It.  a  coanten 

rftvftment.  or  a<<«in<-r»r«<Hten<.  When  the  face  of  the  wall  Is  batUrcd.  a  aloptngt  and  when 
u  biutered.  a  comutntcptitg  revetoMnk    The  batter  Is  oaUed  tbe  ialus. 

Art.  11.  The  pres  against  a  wall  Fig  6,  from  sand  etc  level  wifb  its  top. 
litidnished  by  i-educing  the  quantity  of  mnd,  until  its  top  width  c«  becomes  lei 
llittt  (c 0  pertaining  to  tlie  angle  rni /  of  muxinium  nrefc,  Tlie  pres  then  begini 
aiiiiish.but  in  practice*  the  dimiuulion  iiintU  apprecuibu  vnlU  the  tridth  ureducrd  It 
oito  sixth  of  that  (c  9)  pfrtnining  to  the  angle  ctn  s  of  natuml  0lu]>e,  or  nbout  1 
*L    The  pres  then  begiiiu  to  decrease  rapidly  as  the  width  is  further  reduced. 

Table  4,  of  contents  In  cnb  yards  for  each  toot  In  le 
of  retain! nir-walls,  with  a  thickness  at  base  eqiuil  to  .4  of  the  vert  1 
ir  [lie  buck  is  vert.  If  the  back  is  stepped  according  to  the  rule  tn  Art  3, 
■•roportionate  tliicltness  ut  buse  will  of  course  be  increased.  Face  batter,  1\^ 
In  ;i  foot;  or  i>^tli  of  the  lieigbt.  Back  either  vert,  or  stopped  according  to  tl 
ill  Art  8,  Fig  3.  The  strength  is  very  nearly  equal  to  that  of  a  vert  wall 
Imui9  of  .4  its  height.  Experience  has  proved  that  such 

wlien  composed  of  woll-scabbled  mortar  rubble,  are  safe  under  all  ordinary  cl 
p lances  for  earth  level  with  the  top.  Steps  or  offseta,  o  e,  at  foot|  Fig  1,  are  ni 
Included. 
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STOHE  BBIDGES. 

JLrt.  1.  In  an  arch  ttt^Vig  1,  the  dist  eo  la  called  its  span ;  ia\t»  rise;  /  iti 
earowBB  ;  its  lower  boundary  line,  «ao,  its  Boflit,  or  iuftrados  ;  the  upper  one, 
9><r,  ita  Imck,  or  extnidoa.  The  termo  aofflt  and  back  are  also  applied  to  the 
•ntire  lower  and  upper  curved  turfaca  of  the  whole  arch.  The  ends  of  an  arch,  or 
Che  showing  areas  comprised  between  its  intrados  and  extrados,  are  its  fhcefl  ;  thuft 
the  area  itsaiatL  face.  The  inclined  surfaces  or  Joints,  re^ro^  upon  which  the/ee< 
of  the  arch  rest,  or  from  which  the  arch  springs,  are  the  skewbacks*    Lines 


The  center  one,  <a,  is  the  keysiOBie;  and  the  lowest  ones,  8  8,  the  •priiifper*. 
The  term  archbloek  might  be  substituted  for  Toussoir,  and  like  it  would  apply  to 
brick  or  other  material,  as  well  as  to  stone.  The  parts  tr^tr^  are  the  han  ncfaes  x 
and  the  spaces  trl^trb^  abore  these,  are  the  •iMiiidrels.  The  material  deposited 
In  these  spaces  is  the  spandrel  fllliny  ;  ft  is  sometimes  earth,  sometimes  ma* 
•ont7 ;  or  partly  of  each,  as  in  Fig  1. 


In  large  areliM,U  often  oontlnta  of  MTermliwrmnelsPAVDnKL-wAUJi.  II,  Pig  iH,  raonlng  leogtbvlM 
ef  the  roadway,  or  aatrmddle  of  the  aroh.  They  are  eovered  at  top  either  bj  small  arches  from  wall  to 
vril,  or  by  flat  atooet.  for  eapportlng  the  material  of  the  roadway.  They  are  also  at  times  oonnected 
tofetber  by  Tert  cross* walls  at  interrals,  for  steadying  them  laterally,  as  at  II.  Fig  2^.  The  parts 
9P*^  0POn,  Fig  1,  are  the  aaimiurra  of  the  aroh;  en,  on,  the  face*;  gp.  gp,  the  backs;  and 
p  n.  j»  n,  tha  5«e«i  of  the  abau.  The  bases  are  asaally  widened  by  frvt,  $t«p;  or  of  sett,  d  d,  for  dis- 
Irf  boting  the  wt  of  the  bridge  orer  a  greater  area  of  foaodation ;  tbos  diminishing  the  danger  of  set- 
tlement.   The  disUnce  I  a  In  any  aroh'Stona,  la  called  lu  dtfth. 

The  only  arches  In  common 
use  for  bridges,  are  the  circular, 
(often  called  segmental);  ana 
the  eiUpUc. 

Art.  2.  To  ilBid  the 
depth  of  hejrstOBie  for 
first -clgUM  cat -Alone 
MBpehes,  whether  cir- 
enliar  or  elliptle.* 

Find  the  rad  c  o,  Fig  1,  which 
will  touch  the  arch  at  o,  a,  and 
«.  Add  together  this  nd,  and 
half  the  span  o  e.  Take  the  sq 
rt  of  the  sum.  Dlr  this  sq  rt 
by  4.  To  the  qnot  add  ^  of  a 
(t    Or  by  formula. 


dl  as  tb«  nilea  wbteh  wa  glre  for  arobes  and  abats  are  entirely  original  and  norel.  It  may 
■  toatalsUiakthqranaotaltofatharampirieal,  bat  art  based  npon  aeoorata  ' 
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Dtpth  ofkejf  ^     ^Bad  +  ha^span     .  a«  f^,^ 
infect  4 Tv^^w^ 

For  seeoiMl-elaMi  work,  this  depth  may  be  ineraued  about  l^/th  pait;  or 
for  brick  or  folr  rnbble,  abont  Vird.   See  table  of  Keystonea. 

la  large  arcbee  it  if  adTitable  to  incraue  the  depth  of  the  arcfattooes  toward  the 
springs ;  bat  wbea  the  apan  is  as  soiall  as  about  W  to  80  or  lOU  feet,  this  is  not  at  all 
neeatarjf  if  the  stoue  is  good ;  although  the  arch  will  be  stronger  If  it  Is  dooa.  In 
practice  this  increase,  even  In  the  bu-aast  spans,  does  not  exceed  from  ^  to  ^  the 
d^pth  uf  the  key ;  although  theory  womd  reqolre  much  more  in  archas  of  gnat  zise. 

Hmu.  To  flnd  tbe  md  c  o,  whether  the  arch  be  circular  or  elUptie.  Bquan 
half  the  span  <  o.  Square  the  whole  rise  t  a.  Add  these  squares  together;  diV  the 
sum  by  hoiee  tbe  rise  i  a.  Or  it  may  l>e  found  near  enough  for  this  purpoae  tjjy  tha 
dividers,  from  a  small  arch  drawn  to  a  ccale. 


Amount  of  jpreoBare  •ii«tiiia«d  bar  arcbotones.  In  bridges  of 
the  same  width  ofroad  way;  if  aU  the  other  pufh  b«r«  to  each  other  the  same  pro- 
portion as  the  spans,  the  lotai  pres  would  increase  as  the  squares  of  the  spana^ 
while  tlie  preeaiire  per  sqmire /o0t  would  increase  as  the  spans.  But  in  practioe 
the  depth  of  tbe  archstones  increases  much  \&ss  rftpidly  ihau  the  Span ;  %tille  the 
thickness  of  tbe  roadway  material,  and  the  extraneous  loiid  per  sq  fL  rematii  the 
same  for  all  spans.  Ueuce  tbe  total  pressures,  at  key  and  at  dpring,  increase  lest 
rapidly  than  the  squares  of  the  spans ;  but  tnore  ranidly  than  tiiesiU)ple«poN<;  as 
do  also  the  pressures  i>er  square  foot.  Thus  in  two  urldgesof  the  satue  tridlh,  b<it 
with  spans  of  100  and  200  ft,  with  depths  of  arohstobes  taken  fi^ni  our  table  and 
uniform  from  key  to  spring :  supposed  to  be  filled  up  Solid  \rtth  mAsonrt  of  160 
lbs  per  cub  ft,  to  a  level  of  about  15  inches  above  the  crown,  (iuclodlng  the  stone 
paving  of  the  roadway);  with  an  extraneous  load  of  100  Ibe  per  ^  (t;  the  pres- 
sures will  be  approximately  as  follows : 


Spaa  !••  iU 

SpMi  »••  Hk 

IT  KKT. 

AT  BFBIirO. 

AT  kBT.          1 

1       ATSPUMO. 

For!  ft  la 
width  of 
lu  cntir* 
d«pt&. 

Peraqft. 

widUi  of 
iUraUre 
dspth. 

PerMift. 

PSflftta 
»ldtb«f 
ito  entira 
dlsptL. 

Pftriqft. 

piBf  inia 

nidlkof 
ItienttN 
itepth. 

Pufiqll 

RI»6. 

Tons. 

Tons. 
1«X 

Tont. 
88 

Toai. 
19H 

Toum. 
116 

Ton.. 
»5< 

TODt. 

m 

41 

MX 

12)i 

»7 

W 

lis 

«M 

181 

44 

I 

18 

U 

9 

6H 

«7« 

•7 

J6« 

108 
W7 
230 

,»8 

It  Win  be  seen  that  with  the  same  span,  the  pres  at  the  key  becomes  lees,  while  thtd 
at  the  spring  becomes  greater,  as  the  rise  increases.  Also  that  when  the  archstones 
are  of  uniform  depth,  the  pres  at  either  spring  of  a  semicircular  arch  is  about  4  tf  iMe 
as  great  as  at  the  key ;  whereas  when  the  rise  is  but  one-sixtbor  the  Span,  the  prai  at 
spring  averages  but  about  one-third  greater  than  at  the  key.  lliese  prOportioliB  vary 
somewhat  tn  difTerent  spans. 

The  greater  pres  per  sq  ft  at  the  springs  may  be  reduced  by  increasing  the  depth  of 
the  archstones  towards  the  springs.   This  however  is  not  aacwwiff  in  amderate  apwii^ 

or  by  partly  IkU. 

,        .        may  be  dtwInlahwL 

•G^,  as  a  rough  ayerage,  aboat  |  part 

sod  wtBiilattoDt  asadfl  bj  tlie  wrfter,  of  llnw  o^prm.  *•,  of  mrahM  tnm  1  to  900  ft  rpM,  mod  of  evciy 

-._  « 1-.— .^ .-  1^  ^f  ^^  ,p^^     p^^^  j,,^^  dmwtags  lie  endefevored  to  And  Mteottiott 

t  toot  endare  the  teit  nT  strict  eritMm,  woold  atlU  sMHr  le  at  Ote'eMii 
'  r  ordiaar J  pnodeol  porpMW. 
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T»1»le  1.    Of  mowmm  ezlsftlMr  areliei,  wltli  bolli  ttwlr  MtwU  mi4  tb«f r 

•aleataMd  depUia  (by  ov  rmic)  of  kayMiMM.  whCTC  two  depths  mn  flTmi  te  tte  o»hiiBa  cT  kava  «*<■ 
lallet  is  for  ftrtt^eUM  eat^toiM.  Mid  Um  UrfWt  tcr  good  nibblo,  or  briek.  Tbooo  aim  wbich  are 
not  apeeiflod  are  of  flnvelaaa  eat-atooe.  C  sttuida  for  etrcolar,  B  ftr  elliptle.  Tor  Sd  claaa  work,  add 
■boot  Htb  part;  and  for  brtek,  or  Mr  rabMo.  about  }4th. 


I 
1 


riliilllllilllilllllhliiiiii 


|3  ^"  ;fc  ■^•^nmi-^oa-^n-^-^aita^-^intitititt^vimtiviKtifimtititiaiTioioitif-itivif-i'i 


^isl 


331 


8;S98 


"?s 


S  S 


»•  B5aS2  8    8  -SB  S  2883  2  S8«  SS8aS»5S-2  •-"• 


N  SSsSS  S   i  i§S  =  ^388  8  T^n^  S8888  2SSS9  9S3 


ooBRHo  o    H  oaao  o     ooo  o  ooo  ifliaoooMOHOo  ook 


i 


a  Kxperlmental  Arch  at  Sonppei,  Pranee. 
BiDoa  bridge.    8oiB»  MChorttfca  gl 


t  Stainea  bridge.    8oiB»  MChorttfaa  glva  l  A  4  Im  a»  tka  dapa  at  kaj. 
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ExpATlBieiital  Areli  at  Sonppes,  Fraaee.    8m  TUttai 

gp*n  -  aboat  18  X  rtoa. 

8l«ii. 

Bifl^ 

Badiutof 
intndot. 

Atipring. 

at  key 

^ 

onfacM. 

betwftoM. 

37.886 
124.30 

2.125 
6.97 

86^ 
280^ 

1.10 
3.61 

I.IO 
3.61 

0.80 
2.624 

A  rrh  of  granite.  The  centers  rested  (fbr  four  months)  on  sand  in  16  cylindei 
iItaTii4»i«r.  1  ft  hif^b.  of  ^ioch  sheet  Iron.  The  anioaded  arch  settled  16  millii 
iE>,;<',4  Inch)  on  striking  the  centem  The  additional  settlements  under  eztn 
louiU  vwe  as  follows: 


Extraneous  load. 

Increase  of  settleme 

Kilograms. 

Poinds. 

Millimeters. 

Inch 

IHfrtrtbqted.....^ 

'J'pnti^r 

367000 

4976 

132600 

809000 

11000 

292000 

21 
0.3 
1.2 

0.8 

ojoi 

niftiHbnted 

ao4 

U  ith  the  distributed  load  of  867000  kilog,  a  luad  of  4975  Itilug,  falling  0.3  n 
ln«  I  nn  key,  caused  Yibrationa  of  2.8  nun  ((Ul  inch).  Atmal$»  det  Pont*  «<  Cka 
IEG6  Fart  2, 1908  Part  %, 

Tl^a  KKh  on  the  Bop— omwam  Railwat,  la  protably  tbe  boMMt:*  mod  rmm  Oabot  Jon  ai 
'im.pK.  now  Q«n'l  M.  0.  Melga,  U  8  Amj,  the  grandMt  •(od«  ooe  in  txlaUnca.  Po«T-T-Pmi 
Wm^vt.  I*  a  oommoD  road  bridge,  of  very  rude  oooatraoiloD ;  with  a  daageraiul;  etaep  roadw 
*«<*  i»aili  eoiirely  of  rabble,  in  moruu",  by  aoomiuon  ooaatrr  oiaaoo.  in  1760;  and  Le  ■till  in 
eocidlijoa.  Only  the  outer,  or  MkoivtHg  aroh-atones,  are  2.5  ft  deep :  and  that  depth  U  made  ap 
itrtniM.  Tlie  Inner  arab'ttonea  are  but  1.5  ft  deep ;  and  bat  ftrom  6  to  »  inebea  thiok.  The  atoD 
rltNl  vrtih  tolerably  fair  nataral  beda;  and  reoeired  little  or  no  dreaaing  in  addition.  The  bri« 
lot  r^ sample  of  that  Ignoranoe  whiob  often  paaaea  for  boldneaa.  Poitt  XAPOLtoH  earrloa  a  r 
«3ru«-t  ihe  Seine  at  Pana.  The  arobea  are  of  the  unirorm  depth  of  4  ft,  rrom  crown  to  aprlnf. 
va  .vidtpcMed  ehiefly  of  mnaA  rouck  ettorry  e*^.  or  ^^mU;  well  waabed.  to  free  Ihen  tn 
njni  (Ji^ial :  and  tben  thoroughly  bedded  in  good  oement;  and  grouted  with  the  aame.  It  la  In 
tmh  nf  oement'Ooaorete.  The  Pon  db  Aima,  near  It,  mnd  6Wtt  in  tk»  taau  iMy.  haa  clllpiio 
•r  from  1 A  to  141  ft  apM ;  with  rlaea  of  ^  the  apM.  Key  4.9  fu  Theae  two  brldgea,  eonalder 
want  iif  preeedeot  In  thia  kind  of  oonatraetloo,  on  eo  large  a  aeale,  mnat  be  regarded  aa  rer 
anil  «i  refleoting  the  bigheat  credit  for  praotioal  aoienee,  upon  their  engtneera.  Daroel  and  C 
gain'!  troable  arose  nrom  the  unequal  eontraetlon  of  the  different  thtokneaaea  of  oemenu  The 
wliit  may  be  readily  aooomplUhed  in  arobea  of  moderate  apana.  1^  meaoa  of  amall  atone,  an 
IV<lrdMU«  ceaMNl  when  large  atone  fit  for  arebea  La  not  proourable.  la  Pont  Napoleon  thm  di 
arch  u  l«aa  than   our  mle  glvM  for  leoond  olaaa  out-atone. 

Art.  8.  The  keystones  tor  lArye  ellipile  arches  by  the  be 

^iuMin«,  are  genenilly  iiiaue  uixiut  Vj  imrt  deeper  tliuu  uur  rule  requirtM  ;  or  tli 
€i7ii,»ii|«red  necesanry  fur  circular  ones  of  the  same  span  and  rise ;  in  order  to  kee 
\mn  of  pres  well  within  the  Joints ;  although  the  elliptic  arch,with  its  spandrel  fil 
~  has  slightly  less  wt;  and  that  w 

a  trifle  less  leverage  than  in  a  cir 
one ;  and  consequently  It  exerti 
pres  both  at  the  key,  and  at  the  i 
back.  See  London,  Gloaoester, 
Waterloo  bridges,  in  the  prec« 
table. 

Rlm.  Tonng  engineers  are  apt  to  affect  shallow  arch^ones;  bnt  it  would  I 
better  to  adopt  the  opposite  course:  for  not  only  do  deep  ones  make  a  mors  i 
strucitLre,  but  a  thin  arch  is  as  unsightly  an  object  as  too  slender  a  column.  Ac 
iiki;  lo  our  own  taste,  arch-stones  lully  U  deeper  than  our  rule  gives  for  first 
cut  Btonfs  are  greatly  to  be  preferred  when  appearance  is  consnlted.  Bnw 
whon  an  arch  is  of  rough  rubble,  which  costs  about  the  same  whether  it  is  bul 
••  nrch,  or  as  spandrel  filling,  it  is  mere  folly  to  make  the  arches  shallow.  8ta 
ami  iJurtbiUty  should  be  the  ot^ects  aimed  at;  and  when  they  can  be  attained 
t»  Qxosss,  without  increased  cost,  It  is  best  to  do  so.  


•  Built  Uke  that  at  Sooppsa. 
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Vnbto  S.  I>ei»i1is  ef  kf^ystenes  for  i»re1i««  of  flnt-clan  cat  Bton^ 
ty  Art  2.  For  aecond  ctaas  tdd  full  one-eiffhtb  part ;  and  for  superior  brick  one* 
fimith  to  one-third  part,  if  the  span  exceeds  about  15  or  20  ft.    Original. 

BIM,  in  p«ru  of  the  spazi. 


Fmi. 

1 

i 

i 

i 

i 

t 

A 

Emj.n. 

KMj.rt. 

kmt.wl 

Key.  Ft. 

EMj.rt. 

K«j.Pt. 

K^y.ri. 

s 

M 

M 

.88 

M 

.61 

.04 

.68 

4 

.70 

.79 

.74 

.70 

.70 

.83 

.88 

< 

M 

.88 

.88 

JO 

.09 

.07 

IM 

8 

M 

.08 

.00 

1.00 

1.00 

1.00 

1.16 

M 

M 

1.01 

1.04 

ijn 

1.11 

1.18 

1.98 

U 

1.17 

1.10 

1.99 

1.96 

1.80 

1.40 

IJO 

as 

1.S9 

1J6 

1.88 

1.48 

1.48 

1.60 

1.70 

s 

1.45 

1.48 

1.58 

1.58 

1.64 

1.70 

1.86 

» 

1.5T 

1.00 

1.05 

1.71 

1.78 

IJl 

9.04 

M 

1.08 

1.70 

1.70 

1.88 

1.00 

9.04 

9.10 

40 

1.78 

1.81 

1.88 

1.05 

9.00 

9.18 

2.88 

ie 

1.07 

900 

9.08 

2.18 

9.25 

9.41 

2.58 

00 

9.14 

9.18 

9.se 

9.85 

9.44 

9.62 

2.80 

80 

9.44 

9.40 

9.68 

9.68 

9.78 

9.1W 

8.18 

100 

9.70 

9.78 

9.80 

907 

8.00 

8.32 

8.65 

190 

9.04 

9.90 

S.IO 

8.29 

8.86 

861 

8.88 

140 

8.10 

8.91 

8.88 

8.46 

8.00 

8.87 

4.15 

100 

8J8 

8.44 

8.S8 

8.79 

8.87 

4.17 

100 

iM 

8.88 

8.75 

8.90 

4.06 

4.88 

900 

8.74 

8.81 

8.06 

4.19 

4.20 

S90 

8.91 

4.00 

4.18 

4J0 

4.48 

9M 

4.07 

4.15 

4.80 

4.48 

900 

4.98 

4.81 

4.47 

4.06 

900 

4.38 

4.40 

4.08 

800 

448 

4.09 

4.80 

i 


Art.  4.  Te  foroportloii  tlie  nbnts  for  nio  urch  of  stoioe  or 
IbriclK,  whether  elrenlair  or  elliptle.    (Original.) 

The  writer  Tontnree  to  offer  the  following  mle,  in  the  belief  that  it  will  be  found 
to  coaibine  the  reqniremento  of  theory  with  those  of  economy  and  ease  of  applica- 
tion, to  perliape  as  great  an  extent  as  is  attainable  in  an  endeavor  to  reduce  so  com- 
plicated a  snbject,  to  m  sianple  and  reliioble  workiuiT  rale  for  prae- 
Ueal  1>rid(re-bi8llders«  This  is  all  that  he  claims  for  it.  Notwithstanding  its 
simplicity,  it  is  the  result  of  much  labor  on  bio  part.  It  applies  equally  to  the  smallest 
culvert,  and  to  the  largest  bridge ;  whatever  may  be  the  proportions  of  span  and  rise ; 
and  to  any  height  of  abut  whatever.  It  applies  also  to  all  the  usual  methods  of  fllling 
above  the  arch ;  whether  with  solid  masonrv  to  the  level  v/,  Fig  2,  of  the  top  of  the 
axvh ;  or  entirely  with  earth ;  or  partly  with  each,  as  represented  in  the  fig :  or  with 
panUlel  spMidrel-walls  extending  to  the  back  of  the  abut,  as  in  Fig  2^  Although 
the  stability  of  an  abut  cannot  remain  precisely  the  same  under  all  these  conditions, 
yet  the  diff  of  thickness  which  would  follow  from  n  strict  investigation  of  each  par- 
ticular case.  Is  not  sufficient  to  warrant  ns  in  embarrassing  a  rule  intended  for  popu- 
lar use,  by  a  mnltitnde  of  exceptions  and  modiflcations  which  would  defeat  the  very 
oliject  for  which  it  was  designed. 


It  «!▼««  <»  tbIekiieMi  of  abat,  whieh,  wltbont  aioy  baekinir 
of  eartb  behind  It.  Is  safe  In  ItfoelfV  and  In  all  cases,  airalnst 
the  pres.  when  the  brldire  Is  unloaded.  Moreover,  in  very  large  arches, 
in  which  the  greatest  load  likely  to  come  upon  them  in  practice  is  small  in  comparison 
with  the  wt  of  the  arch  itself,  and  the  fllling  above  it,  our  abuts  would  also  be  safe 
(h>m  the  Iftaded  bridge,  without  any  dependence  upon  the  earth  behind  them ;  but 
as  the  arches  become  less,  and  consequently  the  wt  of  the  load  becomes  greater  in 
proportion  to  that  of  the  arch,  and  of  the  fllling  above  It,  we  must  depend  more  and 
more  upon  the  resistance  of  the  earth  behind  the  abuts,  in  order  to  avoid  the  neces- 
sity of  giving  the  latter  an  extravagant  thickness.  K  wiU  ihtnfuTt  ht  understood 
thrtmnhout  that,  exempt  when  panild  epandrtl  walU  art  uud,  our  rules  suppose  Utat 
wfta^the  bridge  U  fimished,  earth  mil  be  deposited  behind  the  abuts,  md  to  M«  height 
^the  ffOCulMwy,  as  usuaL  igti^ed  by  ^UUy  IL 
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In  small  bridges  uid  large  culverts  of  Arst  class  railraads,  sukjeet  tothe  JsrriBg 
oflieavy  trains  at  high  speeds,  the  com  pHralive  cheapness  with  which  an  exeessef 
strength  can  thus  be  given  to  liuporiant  sinicluroH,  has  led,  in  many  caam,  to  tlte 
use  of  abutments  from  one-fourth  to  one-half  thicker  than  by  the  foUowing  rule. 
If  of  roaffb  rabble  add  6  ins  to  insure  full  thickness  in  erery  part. 


^ieks  o  n  of  ahut  €U  tpring^  ,       ^  ^ 

in/t,  when  the  height  o s     I         Badtn/t        riuin/t 
doe»  net  exceed  l}^  timet  thef  ^  6  '*'       10 

6agesp  j 


+  2A 


Hark  the  points  n  and  y  thus  ascertained.  Next,  from  the  center  <,  of  the  spav 
or  chord  «o,  lay  off  »A,  equal  to  ^  part  of  the  qpan.  Join  ah;  and  through  n,  and 
parallel  to  a  A,  draw  the  indefinite  line  anp  of  the  abut.  Do  the  same  witk  tbe 
other  abut.  Blake  y  m  and  ng  each  equal  to  half  the  entire  height  t'<  of  the  arch; 
and  from  g  draw  a  straight  line  g  s,  touching  the  back  of  the  arch  as  high  up  as  pu*- 
sible ;  or  still  better,  as  shown  at  <m,  with  a  red  d  <  or  dm,  (to  be  found  by  trial  J 
ioeoribe  an  arc  <m.  Tben^«  or  (m  will  be  the  top  of  the  masonry  fllUnc  abov«  the 
arch;*  and  this  should  be  completed  before  striking  the  oenten;  before  whio^ 
also^  the  embkt  should  be  finished,  at  least  np  to  y  «. 


How  find  by  trial  the  point »,  Fig  %  at  which  the  thickness  sp  it  egaal  to  tw» 


.  Jby 
eqvsHiiog 
tartMdftvm 


mrr  about  4  ov  nra  bpah.  oa 
htm :  Id  whtoh  oaae  «mt7  Um 
iDMonrj  vp  M>Ud  t«  tk«  teTti 
vtf.  of  th*  top  of  the  aroh.  Or 
If  the  arch  l«  a  larfe  one,  ei- 
eecdinr  ut  aboat  SO  ft  apaa; 
and  etpeolallj  if  lu  riM  !■ 
aa  aboat  ^  af  Iti 
.  It  U  hattir  to  caoBoalaa 

•rj  hj  the  QM  of  paraflal 

iDMrior  apaBdrel-walU.  I Z.  Tlf 

tH.  carried  np  to  r »/.  Fit  «• 

Indeed,  tneh  Taterior  walla  may 

•flea  be  adrantaieaovalj  latr»> 

daced  Id  oraoli  awaicr  arehea. 

Wlien  hlfh.  th«T  are  BteadM 

bT  ooeailoaal  erom-  waH*.  as  «(, 

Vig  t^.    Thoir  fr««  ahovU  be 

I  ai  rtioini  at  eoo»  ao  aa  to  bear  opon  the  whole  eorf  of  the  b«*  of  «*»«  •J'k :  **•■ 

be  v^  ^^\V.    On  W  of  the  wall,  ti^tomm  »v  be  l-**- «[."»»  •£!-  "^Jj 

wan  to  wall  for  emppertlnc  the  baJlaat,  4e.  of  the  roadway.    The  ipaose  *f~T*I?!r* 

fS  »V<  Se  dS  pSSViel  au«poe«i  to  be  a  seetlon  aeroae  aa  abntaent;  b«t  Mattitaf 

Hl^^Jr^iXi:  URKSe..p»ta.pa5d^;yglH}J5^|^r.». 


HH 
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I  of  tkm  eomtpandiag  Tsit  lieigbt  o  <,  uid  draw  tp.  Then  will  the  tkteknem 
0  It  or  e  y  be  that  at  the  springing  line  of  the  given  eircnlar  or  elliptic  arch  of  any 
rite  and  span ;  and  the  line  ^p  will  be  the  bodir  of  the  abat ;  provided  its  height  o  s 
does  not  exceed  1^  times  $p :  or  in  other  words,  provided  $p  ia  not  less  than  ^  of 
««.  In  practice,  e  «  will  rarely  exceed  this  limit ;  and  only  in  arches  of  considfraMe 
riM.  Bat  if  it  should,  as  for  instance  at  07.  then  make  the  base  qv  equal  to  «p,  added 
to one-fonrth  of  the  additional  height  #9;  and  draw  the  back  u  10,  parallel  to  gpi 
and  extending  to  the  same  height,  Ac,  as  in  Fig  2.  If,  however,  this  addition  of  W 
of  «  4  should  in  any  case  give  a  base  a  «,  leas  than  ont-half  the  total  height  o  o,  (which 
will  very  rarely  happen  in  practice,)  then  make  q  u  equal  to  half  said  total  height ; 
drawing  the  back  parallel  to  gp^  and  extending  it  to  the  same  height  as  before.  The 
idditiooal  thickneases  thua  found  below  sj»,  have  reference  rather  to  the  pres  of  the 
earth  behind  the  abut,  than  to  the  thmst  of  the  arch.  In  a  very  high  abut,  the  inner 
Ine  0  p  would  give  a  thickness  too  slight  to  sustnin  this  earth  safely. 

When  the  height  o  b,  Fig  2,  of  the  abut  is  less  than  the  thickness  on  at  spring,  a 
•mail  saving  of  masonry  (not  worth  attending  to,  except  in  large  flat  arches)  may  be 
elfected  by  reducing  the  thickness  of  the  abut  throughont,  thus:  Make  ok  equal  to 
an,  and  draw  kL  Make  o*  eanal  to  4^  of  on,  and  draw  1 1.  Then,  for  any  height 
t6  of  abut  less  than  on,  draw  oe,  terminating  in  is.  This  6 e  will  be  sufflcient  bas^ 
if  the  foundations  are  Arm.  The  back  of  the  abut  will  be  drawn  upward  fh>m  e, 
parallel  to  p  p,  and  terminating  at  the  same  height  as  i^  or  w. 

RxM.  1.  All  the  abuts  thus  found  will  (with  the  provisions  In  Art  6)  be  safe, 
without  any  dependence  upon  the  wing-walls :  no  matter  how  high  the  embkt  may 
pxtend  above  the  top  of  the  arch.  If  the  briuge  is  narrow,  and  the  inner  faces  of 
the  wing-walls  are  consequently  brought  so  near  together  as  to  afford  material  as- 
sistance to  the  abuts,  the  latter  may  be  made  thinner;  but  to  what  extent,  must 
depend  upon  the  Judgment  of  the  engineer. 

We.  beverar,  eMitlon  the  joaog  praotltlooer  to  be  earetal  I10W  b«  adopts  dlmeDSleiia  ton  than  thoM 
flvca  by  oar  role.  Thcra  are  eertala  praetieal  eonvlderatloDS.  nueh  u  flaraleMOCKii  of  workmantihtp ; 
oewvcM  of  the  BOrtar ;  danfor  of  nodne  •tralnii  wbea  remoTlos  Ut«  ocntrn;  llabllUj  of  derange- 
■neei  dnrina  tlie  prooeea  of  depoaf Ung  (be  eanh  beblnd  tb«  abuta.  and  ov«r  the  aroh :  Ac,  wbloh  most 
aet  be  oratioofeeil;  althoogh  ft  is  impoasibto  to  rednee  them  to  oalculatioo. 

Vbenever  It  aaa  be  done,  Ibe  esntm  abeaM  remala  la  piaee  nnUl  the  eiabkt  ta  flnlabed;  aad  IM 
wi****^  if«ne  afteri^ard.  to  allov  the  mortar  to  set  well.    Bui  for  Bore  oa  thla  aee  Beaa  4  p.  6B9L 

BSH.S.  ▲  ffood  deal  of  HbertT  la  aonotfaasB  taken  iBredndngtheqaantitjefmaseaTyaboTetbe 
springing  Hoe  of  arebeo  of  oonriderabto  riae,  and  of  moderate  apana.  When  care  Is  taken  to  leare 
the  eentera  ataadlng  bdcH  the  earth  filling  ia  oompletcd  abore  tbe  areh.  and  behiad  Its  abvtii,  ao  tha» 
it  may  not  be  deranged  by  aoeident  during  that  opcraUon ;  aad  when  good  cement  ia  oaed  inaicad  ol 
eoauDOD  Dutrtar.  anch  esperimenta  may  be  triml  with  comparative  aalbty ;  eapedally  with  culrert 
arehee,  in  which  the  depih  of  arch-atonea  it  great  in  proportion  to  the  apan.  They  moat,  howerer,  be 
left  u>  the  jadgment  of  ihe  engineer  la  charge ;  ae  no  apeeifie  mlea  can  be  laid  down  for  (hem.  They 
eaa  hardly  be  regarded  as  legHlmate  prasUoe.  aad  we  eaaaot  reeomaMod  (hem.  We  have  known 
MBi|r  ■■liidiUMlai  arehea,  of  90  to  40  ft  apan.  to  be  thua  bvilt  aoeoeeaftally,  with  acaroely  a  particle 
er  BMsenry  ahere  the  sprlaga  le  baflk  them.  8aeh  arabee,  howerer,  are  apt  to  fbll,  if  at  any  ftatnre 
period  the  earth  ftlMnc  ta  remored,  wllhoat  taking  the  preeaatlon  to  flrat  build  a  center  or  aome  other 
aapperi  fbr  them.  Vren  whea  the  embkt  can  be  Onlahed  before  the  eeatera  are  remcred,  we  cannot 
raeemsBead  (aad  that  oaly  In  email  apaaa)  to  do  laaa  than  to  mekea^,  Tif  i,  equal  to  M  of  the  total 
htlgbtltor  the  aieh;  aad  f^om  g  ae  Ibead,  l»  draw  a  siralfbt  lias  touehhig  the  bask  of  the  areh  as 
hich  ap  as  p 


Rni.  a  We  have  said  nothing  about  battorlnff  tlie  flbces  of  the  abnts, 
because  In  the  erosdng  of  streams,  the  batter  either  diminishes  the  water-way ;  or 
reqnirea  a  greater  span  of  arch.  Such  a  batter,  however,  to  the  extent  of  fh>m  ^ 
to  1^  Ins  to  a  ft,  is  usefVil,  like  the  offsets,  for  distributing  the  wt  of  the  structure, 
and  its  embkt,  over  a  greater  area  of  fonndation ;  f>specia]Iy  when  the  last  is  not 
naturally  very  firm ;  or  when  the  embkt  extendn  to  a  considerable  height  above  the 
areh.  In  our  tables,  Mos  8  and  6,  of  approximate  quantltiea  of  masonty  in  semi- 
circular  bridges  of  fh>m  2  to  60  ft  span,  the  faces  are  snpposed  to  be  vert 

Art.  5.  Abntineiif*i»lei«.  When  a  bridge  consists  of  several  arches,  su»> 
tained  by  piers  of  only  the  usnal  thickness.  If  one  arch  should  hv  accident  of  flood, 
or  otheiwise,  be  destroyed,  the  adjacent  ones  would  overturn  the  piers :  and  arch 
after  arch  wotild  then  fiill.  To  prevent  this,  it  is  tisual  in  important  bridges  to  make 
-  ■      -    -^ pches  • 


J  of  the  piers  snfflclently  thick  to  resist  the  pres  of  the  adjacent  arches,  in  case 

of  such  an  accident ;  and  thus  preserve  at  least  a  portion  of  the  bridge  f^om  ruin. 
Such  are  called  abutment-piers. 

Oar  Ibrmnia  of  --  4.  ^  +  t  ft,  for  the  thiekneea  at  apring;  with  the  bask  battering  as  belbre. 
atthsrmtsef  Xof  theapaatotheriaetnmeTert;  wlllof  ltaeir(wlMe«««if  aMdf^eoliea/brgrMM 
bateUa)  give  a  perftetly  aalb  abot-pler.  for  any  unloaded  bridge ;  and  to  aay  height  wbaterer ;  dna 
rZid  hknm  b«a,  howm.  to  the  eonelderaUon  alluded  to  la  the  next  Art.  Thua.  for  an  abnt-pler 
aaUgb  as  o  e.  Pig  t;  or  of  aay  greater  height :  it  ia  only  neoeaaary  flrat  to  find  the  thlokncM  •  ii  at 
apring  as  be&e :  and  thea  dtiw  tbe  battered  tack  gnp:  extendlnc  it  down  to  (he  »«t««  •' ^'.^TISL 
^3dlBs  34  0^  the  addltloaal  height  a  g.    Thla  addltloa  Is  aaada  la  the  ease  of  abate,  that  thay 
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mMj  be  Monxv  frou  tbe praa  of  the  §mrth  bohtnd  them ;  u  wall  m  tnm  th«  praa  of  tk«  ank;  ft«K. 

lidaratloD  whloh  doM  not  apply  to  abnt-pton ;  in  wlii«h  only  the  praa  of  the  ueh  U  to  ha  rMiaiaA. 
But  klthoagh  ib«  al/aupler  tbos  foand  bj  oar  fBrmala,  would  bo  abaadaa^f 
Mfe,  yet  iu  shape  a  6  c  o.  Fie  8,  ie  inedmlMible.    In  pnetioe  it  waoM  ha 
ehanged  to  one  someirhet  like  that  sbown  by  the  dotted  lines ;  haTinf  a 

degree  of  batter  on  both  raoei.    Tbie  of  oonrae  requires  mo 

but  little  Inoreasa  of  stability ;  hot  that  oaonot  be  avoided. 

Wnaa  am  ABirr-pisa  u  bvilt  oi  dkxp  watbb,  or  in  a  ahallaw  ekrsam  •ah> 
Jeot  to  hiffh  freshets,  oare  must  be  talcea  that  water  eanaot  And  its  waj  warfsr 
the  pier,  sod  thus  produoe  an  upward  pres,  which  will  cithar  dinwiish,  or 
entirely  oounteraot  Its  cSkoienoy  as  an  abut.  See  Remark  S.  Art  4»  aT  Hy- 
droetatios. 

Art.  6.  Inell nation  of  the  eonrses  of  Mnnnnry 
below  the  sprini^  of  an  nreh.  Although  onr  fore- 
going rule  gives  a  thickneM  of  abut  which  cannot  be  otici  tui  noi^ 
or  upMt^  by  the  pree  of  the  arch,  yet  if  the  arch  be  ot  large  span, 
and  1011111  rise,  its  great  hor  thrust  may  produce  a  Mding  oat- 
ward  of  the  masonry  near  the  level  of  the  springs,  if  the  stooM 
are  laid  in  /lor  courses ;  especially  if  the  mortar  has  not  set  welL 
Tbis  danger,  it  Is  true,  ooold  V^  urot^Sed  bir  MoOntQg  r  tafsthsr 

by  iron  bolts  and  oranpe ;  or  by  In'^rrutug-  coaiidGrmblj  r  aa  ef  the 

abnts;  bnttbeexpeoseof  doingshbvr  of  tbr^««,  ituiij  u>  nv-  KxpadeM 

of  inoUnlng  the  masonry,  as  sbowu  i>rive«i3  DJind  n,  FEg  «:;  ut«  e<.iir  <«naeore 
being  steeper:  ^aJ  ETsduktlj  becoDilog  Icm  sir^p  aear  n- 
Br  this  prooettir  t  he  srch  It  r  LriamlTy  pmlaQCft]  ii  n  i  n  the  body 
of  the  abut.  »4-<  Tit  thit  when  ihs  liKrlibulod  or  tke  lowes 
masonry  oean^s  mm  st  m,  the  dlrpeiioo  of  th«  niaeretlflal 
Itas  (/  thruMt,  or  o/  pruaf  Ibe  iLrch,  {rudrlr  rrpraeeamd 
by  the  dotted  curvLHi  Wnton.}  fi  neArljp  mK  ripht  aaglea  le 
the  Joints  of  the  h«r  juAso'nrj  bctaw  n  l  ftol  t^nrj  ^MgiCBtJy, 

leiat.  B»' 
aaariyal 

;hae  saft 
,  caa  fhh 

ifleriority 


said  thrust  ii  unftbl«  xa  produoa  sliding  ai  ihnr 


feween  •  and  >■.  ibe  line  of  prrs  j«<T«ryirb«r«  ~ 
right  angles  lt>  the  tsfEoiuIt  J Euilln«|  Kiluii, 
^Tbl" 


Bg.+ 


r  pp*s 

>  the  Tsrloiuly  J  eu 
the  poasIbUitjr  of  fUdlng  la  ihtiiourfira  bU 

T6b    nhm    Ul'^m. 
throogbont  fmm  tmih  ovenuruJng^  ^aij  «li  i 
only  from  def'-cihe  r«aBd«.il^n«:  ut  fmm  tu  ^ 
of  the  stone  vt  witiob  li  U  tiullt;  *&d  vhlch^  ir  lah,  m^f 
be  crushed. 

This  inclination  of  the  masonry  Is  ••  neoae- 
sary  in  an  elliptic  arch,  Fig  4j^  aa  In  a  ciroalar 
one. 
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ThB  «lHvClB  tara  to  plain! j  nfkvorabto  tar  nltlu  tk«  wah-MonM  with  th«  tMltead  nmaoarj  imw 
ttc  iprliita,  M  M  to  ranelre  Um  throat  proparlj ;  or  mbomi  at  rlfht  anfla*  to  iu  retuluot.  Id  ordi- 
amrj  aaan  thia  dlfBaaltj  maj  be  ovwaont  by  making  the  Joiato  of  eoly  tho  eaulde  or  showina  arob- 
otanea  lo  eoBform  to  tha  aUiptto  ennre;  aa  batwoan  a  and  • ;  whtto  the  Jolnto  of  tbe  Inner  or  talddan 
anaa,  mnj  hnTe  tba  direedona  abawn  baivaan  g  and  u,  nearly  at  right  anglea  to  the  Itno  of  ttarast.  It 
will  mniy  happen,  hovever,  that  the  yonns  engineer  wUl  have  to  oenstmet  cUipUo  arobea  of  •afi- 
eiccit  nncnituda  to  require  either  thIa,  er  any  eqalralant  expedient.  For  apana  leaa  than  ftO  ft,  with 
riaoa  na»  Icaa  than  ahoat  4  of  tha  apan,  nothing  of  the  kind  It  aotoaUy  neeeiiary,  If  the  mortar  ia 
Cood.  and  haa  tino  to  hardan.t 

In  order  to  incline  tbe  muonry  of  any  abnt  with  rafflcient  aocnracy.  It  would 
be  necenary  first  to  trace  tbe  canred  line  of  pree  of  tbe  given  arclif 

so  as  to  arrange  tbe  bed  joints  about  at  right  angles 
to  it  at  erery  point  of  its  course;  bntwe  offer  tbe  following  process  us  sufficing  for  all 
ordinary  practical  purposes;  while  its  simplicity  places  it  within  the  reach  of  the  com- 
mon mason.  In  actosi  bridges  the  direction  of  the  actual  thrust  changes  as  the  load 
Jb»  passing;  therefiore,  in  practice  no  given  degree  of  inclination  of  tbe  abut  mssonry 
can  conform  to  it  precisely  during  the  entire  passage.  Consequently,  any  excels  of 
refinement  in  tliis  particular,  becomes  simply  ridiculous;  especially  in  small  spans. 
Rale  for  Inclining  tlie  bed*  of  the  iDaaonry  in  the  Mbaln. 
Add  together  the  red  cm,  Fig  4;  and  the  span  of  the  arch.  Dir  the  sum  by  5.  To 
Uie  qnot  add  8  ft  Ifake  o  <,  on  the  rad,  equal  to  the  last  sum.  Then  is  f  a  centrsl 
point,  toward  which  to  draw  tbe  directions  of  tbe  beds,  as  In  tbe  fig.  Draw  t  s  bor, 
and  trovk  I  as  a  canter,  describe  tbe  are  o  y ;  o  being  tbe  center  of  the  depth  of  the 
springers.  From  y  lav  off  on  tbe  arc  tbe  dist  v  n,  equal  to  one-sixth  part  of  ty:  draw 
in  a.    It  will  never  be  naoeiaary  to  incline  the  mssonry  below  this  tna.    Neither 


i 


need  the  inclination  extend  entirely  to  the  face  mi  of  the  abnt;  but  may  stop  at  e, 
i^nt  balf-way  between  i  and  a.  From  e  upward,  the  inclination  may  extend  for- 
md  to  tbe  line  em. 


1  should 

be  freely  used,  not  only  in  tbe  arches  themselves,  and  in  tbe  masonry  above  them,  as  a 
protection  from  rain-soakage ;  but  In  abuts,  wing-walls,  retaining- walls,  and  all  other 
important  masonry  exposed  to  dampness.  The  entire  backs  of  important  brick  arches 
should  be  covered  with  a  layer  of  good  cement,  about  an  inch  thick.  The  want  of  it 
can  be  seen  throughout  most  of  our  public  works.  The  common  mortar  will  be 
loand  to  be  decayed,  and  iUling  down  from  the  soffits  of  arches;  and  from  the  Joints 
of  masonry  generally,  within  from  S  to  6  ft  of  tbe  surface  of  the  ground.  The  mois- 
ture rises  by  capillary  attraction,  to  that  dist  above  the  surf  of  the  nat  soil ;  or 
daaoends  to  it  from  the  artiflcial  surf  of  embankments,  Ac ;  therefore,  cement-mortar 
shoald  be  employed  in  those  portions  at  least.  The  mortar  In  the  faces  of  battered 
walls,  even  when  the  batter  is  but  1  to  1 W  inches  per  foot,  is  far  more  ii^nred  by  rain 
and  exposure,  than  in  vert  ones;  and  should  therefore  be  of  tbe  best  quality.    See 

HOBTAK,  Ac 

We  have,  however,  seen  a  quite  free  percolation  of  surface  water  through  brick 
arclies  of  neariy  3  ft  in  depth,  even  when  cement  was  fVeely  used.  In  aoueduct 
bridges,  we  believe  that  cement  has  not  been  found  to  prevent  leaks,  whether  the 
arches  were  of  brick,  or  even  of  out-stone.  May  not  this  be  the  effect  of  cracks 
produced  by  settlement  of  the  arch;  or  by  oon traction  and  expansion  under  atmoe- 
pherio  inflnenoe  ?    Oement  at  any  rate  pravenU  the  Joints  from  cnunbling. 

r  The  fbet  of  both  elllpUo  and  ■emietrealar  arobea  are  alwava  made  bor :  bat  It  !■  plalo  from  Pig 
€it.  that  tbia  praetloe  it  at  varlanee  with  eorreet  prinolpleo  of  atobllltv  la  tbe  eaae  of  tbe  ellipae.  It 
l«  tbe  aame  In  the  icmtelrele.  lo  ordinary  bridges  of  tbe  latter  form,  the  vert  prea.  or  weight  reatlng 
iBensh  akewbaek,  ts  (roughly  ipeaklng)  vraallr  aboat  trtm  SK  to  4  tlaiea  the  bor  prea  on  tbe  aanw : 
and  the  totol  pr«s  i>  abnot  4  tlmea  aa  great  m  tne  pre*  on  the  keystone.  Therefore,  tbeoretlcally,  tbe 
Aevbaok  aboold  n«aallT  be  aboat  4  tlmea  •»  deep  as  the  keyaioae;  and  Ita  bed,  loatead  of  being  nor, 
ahaold  hs  iaellned  at  th«  ratt  of  aboat  I  Tort  to  4  hor. 
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WlMtt  tka  arok  Is  flat,  Ibis  liioMBatiM  maj  bMoa*  w  aiMp.  wpMUll j  te  lk«  apfv  fmttm,  fOkm 
•tmu,  or  ihoTM  of  wme  klad,  miut  be  uacd  fDr  pi«rMida«  th«  ■** 
■oary  from  olidlng  down,  ■atil  Um  oomplcUoa  of  tb«  sreii  mmaurm  U 
from  doing  ao.  Tlio  bor  ooaraeo  bctwoen  tbo  faoe  m  i,  and  tbe  tta* 
•  «,  will  aid  oomcwhal  In  ibte  retpoet. 

TkU  metbod  •boold  bo  appllod  to  all  Mry  tarf  mrrh^t  wham 
rloo  is  ono-lhlrd,  or  Iom,  of  the  spaa.  A*  before  rHoarked,  il 
!■  not  aotuallj  uooeioaiy  in  aroboa  not  ezoaediag  abont  SO  ft  apaa. 
and  not  flatter  tbma  ^  of  th«  «pan.  Indaod,  If  tbo  oartb  ftUlaff  oaa 
bo  dcpooitod  bofore  the  eenten  are  removed,  these  llniiu  mav  beooo- 
ilderablr  extended  without  danger.  Still,  iilnoe  a  certain  dagrm  of 
tnellaatfoo  U  attended  with  verj  littlo  trouble  or  ezpeoM.  wm  woaM 
reoomniend  for  even  snob  arobea.  a  proooos  ■omowhat  like  tha  foUow- 
inf :  From  hat/  the  span  take  tbo  rUe.  Div  tbo  rem  bv  S.  Make  o  t. 
Fig  5.  equal  to  the  quot.  Draw  I  n,  and  o  m.  bor.  uIt  tbo  nagle 
«  0  m  Into  two  equal  parts,  bT  the  line  oa.  Incline  the  maooarj  ao 
aa  to  t>e  parallel  to  o  a.  aa  fkr  down  aa  I «.  The  inoiiaod  aearaoa 
BMj  extend  oat  to  iht  fboa  a  I,  or  aot,  at  plaaaara. 

RcM.  1.   To  find  the  lenirtb  (ab.  Fig  7) 
from  face  to  face  of  m  culvert.     From 

the  height  k  (  of  the  embkt,  Uke  the  above  gr»mmd  b«lgbi  «  « 

of  thooulTort:  the  rem  will  bo  the  height  A  a  of  Iba  embkt 

a  the  oulrert.    Then  the  raqd  length  a  (  la  plainly  eqaal 


K  a 


Bg7 


to  tbo  top  width  id  of  tbo  embkt,  added  to  tbe  two  diata  ut. 
c  b,  which  oorreapood  to  Iia  ateepneaa  of  atde-alopee.  Thaa.  If 
the  aide-slope  is.  a«  uMnal,  1  ^  to  1,  then  m»  and  e  b  will  each  bo 
equal  to  1 4  tinea  o  * ;  or  the  two  together  will  be  9  Uumo  •  b. 
So  that  if  tba  vidth  i  «l  la  1 4  ft,  and  *  o  6  ft,  tbe  leagtb  «  »  win  be 
14-f-(6X8)  =  li  +  15  =  »ft. 

Art.  7.    The  followinir  tables,  S,  4,  and  5,  of  qnantltles,  will 

be  found  osefal  for  expediting  preliminary  estimates;  for  which  purpose  chiefly  tbey 
are  intended ;  hence  no  pains  hare  been  taken  to  make  them  scrupulously  correct, 
bat  rather  a  little  in  excess  of  the  tmth.    The  first  column  of  Table  S  contains  the 

total  vert  height  o  c,  Fig  0,  from  the 
^  3  crown  o  of  a  spmicircnlar  arch,  to 

Ti^ji  Y \  ^'^  foundation  or  base  jfm  of  its 

'^^    m-~r^irK-r^^<n  iTlo'lX     c^^ut    The  other  colnmns  gire  ap- 

proximately the  number  of  cab  yda 
contained  in  each  mnnlng  foot,  or 
foot  in  length  of  the  culvert  or 
bridge,  measured  firom  and  to  end 
(flkoe  to  face)  of  the  arch  proper; 
and  including  only  the  arch  and  its 
abuts,  as  shown  in  Fig  1 ;  or  in  tbe 
half  section  opmgy  in  Fig 6:  in- 
olnding  footings  to  the  abuts,  but 
omitting  tbe  wing-walls  (w  ft),  and 
the  spandrel-walls  («),  Figs  6  and 
3^.  At  the  foot  of  each  column  ts  the  approximate  content  in  cub  yds  of  the  two 
spandrel' walls  by  themselTes;  one  over  each  face  of  the  arch. 

Tbeae  apaadrel* walla  are  ealeulated  on  the  auppeoltlen  that  their  tblokneaa  at  baas,  aft  their  juaa* 
tioa  with  tbo  wing- walla,  where  their  height  la  greatoat,  la  equal  to  ^^  of  tbdr  height  at  tkatpotet: 
cxoept  where  that  proportion  giroa  a  lesa  thioknoaa  at  top  than  t\i  ft ;  and  that  tbcr  extend  t  ft  (o  ai 
aboTC  the  top  a  of  the  areh.  At  the  top  of  the  arch,  ther  are  all  anppoood  to  be  SH  ft  tbtok  at  lop: 
that  being  aaaumed  to  be  about  the  leaat  thlokncaa  admlaalble  In  a  rabble  wall  In  ancb  a  poolthm. 
Both  the  baok  and  the  faoe  are  aoppoaed  to  be  vert.  Tbe  eontenU  of  the«e  apandrel< walla  will  rary 
aoaaewbat,  however,  even  in  tbe  aamo  apaa.  wlib  the  height  of  the  abai  aad  the  arrangenaent  of  the 
winga.  They,  however,  oonstltote  ao  amall  a  proportion  of  the  entire  oontenta  given  In  Table  5,  that 
thla  oonaldoration  mav  he  neglected  in  preliminary  estimatea.  They  are  ao  flnnty  bonded  Into  the 
maaonry  of  tbe  winga  at  their  hlgheat  poiota.  and  ao  atroogly  oonnaeted  I7  mortar  vitb  tbe  baekiag 
of  the  arob  at  their  baaea,  that  they  require  no  greater  tbienieaa  bowevot  bign  tbo  emb  may  ha. 

rSie  eon  ten  t«  of  tkke  ftNkr  winir-walln,  of  which  n ;  10  ft.  Fig  0,  is  one, 
will  be  found  in  a  table  (No.  4)  Immediately  following  that  for  the  body  of  the  cnl* 
▼ert  We  hare  also  added  a  table  (No.  6)  for  complete  samicircnlar  cnlTerts  of 
Tarioos  lengths,  including  their  spandrel  and  wing  walls. 
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BxM.  1.  Although  the  thlcknen  of  wing^walla  increuM  in  all  parta  with  their 
httight,  they  are  out  made  to  thow  thicker  at  nj  than  at  ft',  Fig  tf ;  but  (as  seen  in  the 
fig)  are  offeetted  at  their  hack  f  n,  a  little  below  their  slanting  upper  surf  t^',  so  as 
to  give  a  uniform  width  for  the  steps  or  flagstones,  as  ^e  case  may  be,  with  which 
thej  are  covered.  In  the  fig  the  corering  is  supposed  to  be  of  flagstones ;  but  steps 
are  prefeTable,  being  less  liable  to  derangement.  To  prevent  the  flagstones  from 
sliding  down  the  inclined  plane ^'t,  the  lower  stone  i  should  be  deep  and  large,  and 
laid  with  a  hor  bed.  The  flags  are  sometime  cramped  together  with  iron,  and  bolted 
down  to  the  wall.    Steps  require  nothing  of  that  kind,  as  seen  at «,  Fig  II. 

Bkm.  2.  Tbe  tables  show  the  Inexpediency  of  too  mueta  eon- 
traetlMiT  ^«  widtb  of  water-way,  with  a  view  to  economy,  by  adopting 
a  small  spaa  of  arch,  when  a  culvert  of  greater  span  can  be  made,  of  tfie  game  to/ol 
hetghL 

For  tbe  wfogs  meat  be  the  mid«,  vhetber  ths  span  be  grsat  or  RDall.  provided  tbe  totml  half ht  Is 
the  naM  la  boib  oaws;  and  slnoe  tint  winga  ooattitute  •  Imne  proportlen  of  tbo  entire  qnantlty  of 
■Monxy,  tn  enlveni  of  ordinary  length*  tbe  apan  itaclf,  within  moderate  llmiu,  baa  oomparatlreij 
Hule  eflbet  npon  it.  Tbna.  tbe  total  masonry  in  a  aemielrcular  culvert  of  8  ft  tpan,  8  ft  total  height, 
and  SO  ft  long  between  tbe  faoea  of  tbe  areb,  la,  by  Table  6,  I&IH  eob  yda ;  while  that  of  a  6  ft  apan, 
of  tbe  aaBie  height  and  length,  la  153.4.  A  aemieirenlar  bridge  of  26  ft  apan,  24  ft  total  height,  and 
40  ft  bciwaen  the  faoea  of  the  arab,  eontaina  lOSl  enb  jda ;  while  one  of  35  ft  tpan,  of  the  aame  height 
aad  tegth,  eontataa  1134  yds ;  ao  that  in  tbta  caae  we  may  add  nearly  SO  per  oent  to  tbe  water*way, 
by  InercaalBg  the  maoonry  of  the  bridge  bnl  -jl^  part. 

Rbm.  3.  Partly  for  the  same  reason,  and  partly  becanse  tlio  ealwerta  for  a 
doable-track  r<Mid  are  not  twice  a«  ionir  as  thoMc  for  a  slnirle- 
traelK  one*  the  quantity  of  culvert  masonry  for  the  former  will  not  average  more 
than  about  from  %to}^  jNut  more  than  that  for  the  latter ;  so  tiiat  it  frequently 
becomes  expedient  to  jlm'sA  the  culverts  at  once  to  the  full  length  required  for  a 
double  track,  although  the  embkts  may  at  first  be  made  wide  enough  for  only  a 
single  one,  with  the  intention  of  increasing  them  at  a  ftitnre  time  for  a  double  on& 

Tbas.  fbe  average  atie  of  enlverta  for  a  aingie  traok  may  be  roogfaly  token  at  0  ft  apan,  80  ft  long 
tnm  fnoa  to  Iboe,  and  10  ft  total  height;  and  aneh  a  one  eontoina,  bj  Table  5, 140  oub  yda.  For  a 
doable  trrek.  It  wonld  rcqaire  to  be  about  IS  feet  longer;  and  we  ace  by  Table  8  that  tlila  will  ad<* 
2.87  X  12=:S3cabyda;  making  a  total  of  173  yda  intiead  of  140 ;  tbna  adding  rather  laaa  than  M 
part.  When  the  enlverta  are  under  very  high  embkta,  and  eonaeqnently  mueh  longer,  tbe  addition 
foe  a  denble  track  bceomee  eomparatlvely  qnlte  trifling. 

Table  8,  of  approximate  nambers  of  cab  yds  of  masonry 
per  foot  run,  contained  In  tbe  arches  and  abutments  only,  as 

ftuwa  in  Fig  1  (omitting  wings,  and  the  spandrel- walls  over  the  faces  of  the  arches) 
of  semicirciilar  culverts  and  bridges,  of  from  2  to  60  ft  span,  and  of  difl^erent  total 
hei^^ta,  A  /,  Fig  1,  or  oe,  Fig  6.  It  will  be  seen  that  in  many  cases,  a  bridge  of  larger 
span  containe  less  masonry  than  one  of  smaller  span,  taAen  their  trial  heighti  am  the 
aame.  There  is  a  liberal  allowance  for  footings  or  offsets  at  the  bases  of  Ibe  abuba 
TAB1.KS,    (Origtoal.) 


i 


Total 
Height. 

Cub.  y. 
.42 
.60 
.70 
JO 
1.SB 
1.63 
SOI 
3.46 
S.94 

Cub.  y. 

Span 
4ft. 

Bpan 
8fl. 

Span 

Bpan 
8fl. 

Span 
10  ft. 

Cub.  y. 

ifft. 

Feet. 

Cab.  y. 

Cab.  y. 

Cub.  y. 

Cab.  y. 

Cub.  y. 

Oeb.  y. 

.08 
.SS 
1.04 
1.38 
1.50 
J.96 
SJ8 
3.86 
8.78 
8.98 

.07 
.87 
1.08 
1.38 
1.66 
1.91 
3.81 
S.78 
8.38 
8.83 
4.42 
6.08 

.93 

1.18 
1.87 
1.04 
1.96 
3.20 
3.73 
8.19 
8.T3 
4.39 
4.90 
6.57 
•  80 

.97 
1.21 
1.40 
1.72 
1.99 
2.27 
3.87 
8.13 
8.83 
4.17 
4.77 
6.43 
8.1S 
•St 
7.09 

i.M 
186 
2.18 
3.43 
3.77 
8.18 
8.67 
4.10 
4.67 
6.80 
6.97 
6.70 
7.48 
8Ji2 
9.20 

1.89 
1.97 
3.38 
3.66 

3.87 
8.19 
8.53 
4.03 
4J7 
6.17 
6.82 
8.52 
7.27 
8.07 
8.93 
9.82 
lOJ 

10 
11 
IS 
IS 

2.12 
3.88 

3.86 
S.9i 
8.3& 

8.6e 

8.81 
4.41 
5.01 
6.&( 
6.31 
7.01 
7.71 
8.64 
9.4C 
lOJ 
II.8 
13.8 

"iios" 

8.84 

8.87 
4.01 
4.86 

14 

4.73 

U 

6.00 

1$ 

6.88 

17 

8.84 

18 

7.04 

10 

7.68 

ao 

8.40 

SI 

9.84 

SI 

10.3 

38 

11.1 

S4 

13.1 

S5 

n 



18.3 

14.3 





Contenta  of  the  two  apandrel-walla,  over  tbe  two  enda  of  tbe  arch,  in  en^  f da. 
I     SJ     I     8.T     I     4.4      1     6.3      I     6J     I     7J     I     9.8     |     13.      I     16. 
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TABLE  3.    (Cootinued.) 

ToUl 
Height. 

sr?? 

_&S_ 

Total 
Height. 

ire 

Total 
Height. 

IPS 

Feet. 
13 

^?J' 

Cub.  J. 

Feet. 
30 

"ti- 

Feet. 

27 

18.7 

IS 

*.!« 

31 

11.0 

28 

14 

5-S7 

""tlio" 

S3 

11.6 

29 

19.4 

16 

yn 

6.41 

83 

12.2 

80 

90.1 

16 

*JH 

6.76 

34 

12.7 

81 

90.9 

17 

Km 

7.16 

26 

18.8 

82 

814 

18 

t.yJi 

7.61 

86 

18.8 

88 

88.4 

19 

T,lt 

8.10 

27 

14.6 

84 

83.1 

10 

iSU 

8.00 

28 

16.1 

86 

83.9 

SI 

Km 

9.03 

29 

15.7 

86 

94.7 

23 

11.47 

9.73 

80 

16.8 

87 

86.6 

33 

1(1.4 

10.4 

81 

17.0 

88 

964 

34 

113 

11.2 

82 

181 

89 

87.1 

86 

n.ti 

13.1 

88 

19.2 

40 

88.0 

36 

13.1 

18.0 

84 

20.4 

41 

884 

37 

ll.I 

14.0 

86 

21.7 

42 

804 

28 

1^.1 

16.0 

86 

28.0 

48 

81.6 

39 

ica 

16.1 

87 

948 

44 

as.f 

80 

17.4 

17.3 

88 

26.7 

46 

84.6 

81 

18.6 

18.4 

88 

27.2 

46 

86.8 

83 

19.0 

19.6 

40 

28.7 

47 

18.1 

IS 

31.3 

30.9 

41 

80.2 

48 

894 

84 

33.6 

23,3 

42 

81.8 

49 

414 

86 

24.0 

28.6 

48 

88.6 

60 

48.6 

86 

26.4 

25.0 

44 

86.2 

61 

464 

87 

26.9 

26.6 

46 

36.9 

62 

4T.i 

88 

386 

38.0 

46 

38.7 

63 

49L4 

89 

80.1 

29.6 

47 

40.6 

64 

614 

40 

81.7 

81.3 

48 

42.6 

65 

68.7 

41 

82.8 

49 

44.4 

66 

66.9 

43 

34.6 

60 

46.4 

67 

68.1 

48 

36.8 

68 

§0.4 
62.7 
65.1 

44 

38  I 

69 

45 

40.0 

60 

Contents  of  the  two  spaodrel-walU,  over  the  two  ends  of  the  arch,  1    «ab  jda. 
28.         I    43.         II I     86.       II I    Itt.  

Art.  8.  The  followinv  t«ble  of  contento  of  wing-walls,  or  wings,  will, 
like  the  preceding  one,  be  useful  in  making?  preliminary  eetimat«8.  The  wines 
no,  no^  shown  in  plan  at  Fig  8,  are  supposed  to  form  an  angle  aoe,  of  190P,  with  tha 
facio,  or  end  oo  of  the  oulr^rt.  Their  outer  or  smiill  ends  n  n,  are  all  astamed  to  be  of 
the  dimensions  shown  on  a  larger  scale  at  E.  Thickness  at  base  at  erery  part  eqoal 
to  ^  of  the  height  of  the  wall  at  said  part :  except  when  that  proportion  becomes 
too  small  to  allow  the  width  or  thickness  at  top  to  be  2.6  ft ;  in  which  case  it  is  en- 
larged at  such  parts  sulBciently  for  that  purpose.  See  Bemark  '2.  This  happ«iia  only 


Fig.  8 

when  the  height  m  m,  Fig.  E,  of  the  wing,  becomes  less  than  9  ft.  Batter  of  Usee,  1^ 
«ns.  to  a  ft ;  or  I  In  8.  Back  vert. ;  but  offsetted,  if  necessary,  for  a  short  diet,  below 
the  top,  so  as  to  give  a  uniform  thoteimg  top  thicknera  of  2U  ft.  The  masonry  Is 
supposed  to  be  g(x>d  well-ocabbled  mortar  rubble.  The  height  giren  In  the  £ret 
column  is  the  greatest  one ;  or  that  at  o  o  (or  wj\  Fig.  6),  where  the  wing  Joins  the 
(kce  of  the  culvert  In  the  table  no  allowance  is  made  for  footings  (ofbeCs  or  sten) 
at  the  base  of  the  wings;  as  these  are  ftvqnently  omitted  in  wings  on  good  fbaiid» 
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tlooi.    In  taking  oat  qoantltta  ftom  the  table,  bear  in  mind  tliat  the  height  of  the 
wings  is  nsnaUy  a  Httle  greater  than  that  of  the  cntvert  iteelf. 

The  plan  shown  at  G  ia  the  common  one,  but  that  at  D  is  greatly  preferable  for 
cnWerts;  for  the  shonlders  at  o  o  in  Fig.  C,  apart  fh>m  their  greater  liability  to  catch 
bnnchca  of  trees,  etc^  floating  down  stream,  oBn  of  themselres  a  much  greater  re- 
•istaoca  to  the  flow  of  the  water  into  the  culyert  than  do  the  mere  comers  at  o  o, 
fig.  B. 

Table  4,  ef  approximate  ronients.  In  enb  jrds,  of  the  Wour 
wins-walls  of  a  enlvert,  or  brld|(e.    (Original.) 

1!be  heights  are  taken  where  greatest ;  as  at  j  w.  Fig  0 


H.yt 

-r- 

Cub.  yd., 
in 

-If" 

"^r 

Cab.  j6m. 
In 

WtDf. 

one  wing. 

4  wlno. 

wing. 

0B«  wing. 

4wingi. 

Feec 

Feet. 

Feet. 

Pew. 

• 

i.n 

4.04 

80 

48J 

818 

1 

S.46 

8.» 

8t 

46.8 

99T 

I 

&.» 

14.0 

84 

60.8 

1193 

•.» 

n.ft 

86 

68.7 

1414 

10 

SM 

90.1 

88 

67.2 

1661 

u 

10.4 

40.0 

40 

60.7 

1928 

IS 

12.1 

68.T 

43 

64.2 

2290 

M 

16.6 

85.S 

44 

67.6 

2568 

1< 

19.1 

1» 

46 

71.1 

2012 

18 

nA 

ins 

48 

74.6 

8806 

>o 

96.0 

«4T 

fiO 

78.0 

8741 

B 

»J6 

830 

66 

86.7 

4948 

M 

His 

436 

60 

96.8 

6404 

M 

U.l 

Ml 

65 

104 

8181 

IB 

mji 

tn 

70 

118 

10166 

i 


To  rodnee  enb  rda  to  perehM  of  25  onb  ft,  malt  br  1.080. 
To  rednoe  perabce  to  onb  jdi,  mnli  bj  .938,  or  dir  oj  1.06. 

The  SMtoaU  for  hdghto  lataratodlato  of  thooo  in  tho  toble  may  bo  fbaad  approximatoly  by  ilmplo 
nuMilloB. 


Bm.  1.  It  is  not  recommended  to  actually  prolong  all  wings  nntll  their  dimen- 
sions become  as  small  as  shown  at  B,  in  Fig  8.  In  large  ones  it  will  generally  be 
more  economical  to  increase  their  end  heisht  mm,  a  few  feet.  The  contents,  how- 
ever, may  be  readily  fonnd  by  the  table  in  that  case  also.  Thus  suppose  the  height 
uf  the  wings  at  one  end  to  be  90  ft,  and  at  the  other  end  8  ft ;  we  have  only  to  sub- 
tract the  tabalar  content  for  8  ft  high,  (h>m  that  for  80  ft  high.  Thus,  818  — 14.6  » 
608^4  cub  yds  required  content. 

Rmm.  2.  It  might  be  supposed  that  inasmneh  s«  the  wings  of  arches  often  haye  to 
snatain  the  pressure  from  embankments  reaching  far  abore  their  tops,  they  should, 
like  ordinary  retatning-walls,  be  made  much  thicker  in  that  case.  But  the  ftct  that 
ther  derive  great  additional  stability  fVom  being  united  at  their  high  ends  to  the 
body  of  the  bridge  or  culvert,  renders  such  Increase  nnnecessary  when  proportioned 
by  oar  rale;  no  matter  how  far  the  earth  may  extend  above  them ;  as  shown  by 
abondant  experience. 

BeljlBf  «pon  tbis  old,  wo  auy  ladaed,  wbon  ths  oartb  dooa  not  extend  above  »be  top,  redneo  tbo 
bnao  si  •  to  one^tUrd  of  ibe  bt,  u  sbown  at  o  C ;  and  by  dottod  lino  <  «.  Bzporionoo  ibowt  that  wo 
may  alao  do  tbo  oanM  evoa  wbon  tbe  oartb  roaohoi  to  a  great  bdgbt  aboro  tho  top:  provided  that 
tbo  wlaga.  instead  of  being  aplayed  or  tlarad  out.  as  at  o  n,  o  n,  merely  form  straight  prolongations 
of  tta«  abotinents  of  tbo  arob,  as  shown  by  tbo  dotted  lines  at  o  g  w.  In  this  eaae  tbe  pressure  ot  tho 
oartb  agaiast  tbo  wings  is  loss  iban  when  tbey  ore  splared.  Wo  have  known  tho  tbiokoess  at  e 
to  bo  toaaoed  fa  snob  eases  to  less  thsn  oae>third  tbo  height,  when  the  wings  were  15  ft  high,  and 
ibe  beiffbt  of  tho  casbaakment  aiooe  Oeir  Une  16  feet  In  one  ease,  and  88  ft  in  another.  In  another 
iaataaoe,  aimllar  wings  Hii  ft  high,  and  witb  29  ft  of  embankment  abore  their  top.  had  their  bases 
at  o  rattaar  leee  than  <^  of  tbo  height.  In  all  theee  eases,  tbo  nniform  tblokness  at  top  was  2.6  ftet ; 
baeks  vertieal.  We  meaiion  tbem  beoaoso  tbis  partlenlar  sableet  does  not  seem  to  be  redooible  to 
any  prasCtaal  mlo.  Tbo  last  wall  appears  to  as  to  bo  too  thin :  esneolally  If  the  earth  is  not  deposited 
la  layara :  aad  after  allowing  the  mortar  fbll  time  to  set.  The  labor,  however,  required  in  compact- 
'  g  tbe  earth  earefblly  in  layer*,  may  oost  more  than  is  thereby  sared  In  tbe  masonry.  The  yonng 
bis  In  mind  when  be  wlsbee  to  eeonemlio  masonry  by  sneh  means :  and  also 


■raetidonflr  mast  bear  this  in  mind  when  he  wlsbee  to  eeonemlio  masonry  by  s 

that  tbe  thta  wall  may  bolfe,  or  Ibil  eadrely,  V  tbe  oartb  booking  la  deposited  while  the  mortar  is 
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Table  n,  AfiproxiBiato  eontents  In  e«ble  yards,  •! 
Iilete  HemiclreiilMr  cnlTerts  And  brldireA  of  flrom  2  t*  ( 

■pnui  Includkag  the  2  spandrel  walb ;  and  the  4  wings;  all  proportiooe 
foreie<ii[iii;  dLr«»;u<^bs;  and  taken  firom  the  two  preceding  tables.  The  heigl 
Hc^nd  culainn,  U  from  the  top  of  the  kf.y$Unu  to  the  bottom  of  the  foundaii 
wiiii^ii  ure  i.akiiJ«ti»d  a«  iieing  '1  ft  higher  than  this,  including  the  tbickn« 
cijpiuj^.  Till)  wini|8  are  frequently  carried  only  to  the  height  of  the  top  oft] 
thu.4  AthvEtK;  4  ^'foA  deal  of  masonry.  Table  4,  of  wings  alone,  will  serve  to  i 
proper  di*(Luctir»ii  In  this  case. 

Thii  AvverH)  lengths  are  firom  end  to  end,  or  fh>m  face  to  fM»,  of  the  arch 
The  coiiLcmu  for  ttitermedlate  lengths  may  be  found  exactly;  and  thooe  f 
moLlJutcH  h*'i|;]it».  quite  approximately,  by  simple  proportion.  In  this  tab 
.Vu,  3^  It  will  \v^  olTKerred  that  when  tfu  heights  are  Uie  same,  in  both  ecues, 
■Pill  f[ie<]iJt)nMy  contains  less  masonry  than  a  smaller  one.  A  semicircalar 
or  bridges  iiontAln'i  Ihm  masonry  than  a  flatter  one,  when  the  total  height  is  1 
In  botU  ttwm:  thtTefore,  the  first  is  the  most  economical  as  re^uds coat ;  bs 
not  afford  oa  itiiidi  area  of  wateivway ;  or  width  of  headwsj. 
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Art.  9.  Especial  pains  shoald  be  taken  to  aceare  an  nnyleldlnfp  foniii 
dootlon  for  enlverts  suid  drslnn  under  blfpb  embkts  i  otherwin 
the  superincumbent  weigbt,  eopeciallj  nnder  the  middle  of  the  embkt,  may  squeei^ 
tbem  Into  the  soil  below,  If  soft  or  marshy;  and  thus  diminish  the  area  of  water- 
way, or  at  least  canse  an  ngly  settlement  at  the  midlength  of  the  culrert.  Also,  In 
son  gitnmd,  the  embkt  may  press  the  side  walls  closer  together,  narrowing  the 
channel.  This  may  be  prsTented  by  an  inverted  arch,  or  a  bed  of  masoni7,  between 
the  walls.  A  stratum  from  3  to  6  ft  thick,  of  grarel,  sand,  or  stone  broken  to  turn- 
pike sixe,  will  generally  glTo  a  sulBcient  foundation  for  culrerts  in  treacherous 
marshy  ground ;  or  quicksand,  with  bat  a  moderate  height  of  embkt  It  should  ex- 
tend a  few  feet  beyond  the  masonry  in  ereiy  direction,  and  should  be  rammed;  the 
sand  or  grayel  being  thoroughly  wet,  If  possible,  to  assist  the  consolidation.  Piling 
will  sometimes  be  necessary.  If  the  masonry  is  built  upon  timber  platforms,  or  a 
mnooth  surface  of  rock,  care  must  be  taken  to  prerent  it  firom  sliding,  from  the  pros 
of  the  earth  behind  it.  This  same  pros  may  eren  oTorthrow  the  piles,  if  they  atro 
not  property  secured  against  it. 
Art  10.  Drains* 
]>nins  of  the  dimen- 
sions in  Fig  11,  con- 
tain 1  perch,  of  25 
cub  ft ;  or  .926  of  a 
cab  yd,  per  ft  run. 

TbMT    era    tnqntmitr 
ImiH    af    dry    amUMtA 


■pevls.  WkcB  Ikcie  is 
B«eh  vaah  tbroogk 
theoi.  vhh  •  oeMldOTw 
able  iloiM,  il  It  baCtar  •• 
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STONE  BBIDOEB. 


ir  aoroOT.  Thto  to  oftw  4oa«  wlthoBt  tho—  oaa— .  famMiiOh  —  tt«  >Mttlg«ai—— wy  ha 
l« :  and  the  weavaUon  of  •  •iogto  broad  fooodiuloa-ptt  U  lau  trwMfmomm  %hmm  Ua»«r  i— 
iQM.  A.  dwp  tUc^atoae/  at  tlM  •ntraooa,  and  otiicn  at  alioit  dlsia  of  (he  hwgth,  aaj  be  i» 
in  both  draiu  and  oulverta.  to  protcoi  from  nndemiiiiing. 

Iraiaa  exMod  ander  th«  entire  width  of  the  embkt,  ftvm  toe  to  tee;  and  maj  tanaiaaMti 
In  the  aide  riew  at  S.    Thej  are  of  ooone  better  when  bnllt  with  manmr,  with  aa  edMiiiaii 
It  to  prerent  the  water  when  full  from  leaking  into  and  aofkcnlng  the  enbankMcnt. 
imea  two  or  three  aneh  drains  mar  be  plaoed  parallel  to  eaeh  other.  Inaccad  of  a  enlvert. 

ro  are  to  plaeed,  thej  oontain  onljr  lit  tinea  the  maaonry  of  one ;  attll  their  nae  will  | **- 

no  sarlng  of  maaonrj  orer  a  cttirert.    A  man  oan  crawl  ihrongh  Fig  11  to  olann  lu 

.11.  The  dralnare  of  tbe  roadways  of  stono  bridgM  of  wtnaX 
in  generally  effected  by  meaDa  of  open  gutten,  which  deacend  slig^htly  froa; 
»wii8  of  the  archea,  each  way,  until  they  reach  to  near  the  onde  of  the  n- 

e  epans. 

they  diaeharge  Into  Tertieal  Inm  pipes  bnUt  Into  the  maaonry.     Ike  apper  eode  ariha 

>uld  be  eovered  bjr  grailnga.  When  InoonrenleDoe  would  reanlt  from  the  water  fUttag  myvm 
poxfing  under  the  areh«i,  theae  plpea  maj  Im  earried  down  the  entire  height  of  tho  pim; 
1  ■uch  la  not  the  oaae.  thejr  may  extend  only  to  the  aolBt,  or  under  fhoa  of  the  Brah ;  aOowiBg 
r  to  fail  freely  through  the  air  frx>m  that  heighu 

»le  6,  of  approximate  eontentu.  In  enb  yds,  of  m  aolM 
of  masonry,  6  (t  by  22  ft  on  top ;  and  battering  1  inch  to  a  ft  on  each  of 

M.  The  oontenta  of  maaonrj  of  aooh  forms  mnat  he  oalenlated  hj  tho  pftomeMal  fbtsnaia; 
b7  Uklng  the  len|th  and  breadth  of  tho  pier  at  half  ita  height  aa  aa  afcrags  leaglk  aal 
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A-wtm  12*  Brick  Arches.  8inc«  eyea  good  brick  fit  for  large  ArchM  hut 
Aur  lata  cmthing  atreneth  than  good  gnunlte  or  limestone,  and  is  inferior  even  to 
good  Bftndstone,  while  its  weight  does  not  dlfbr  very  materially  Aom  stone,  it  if 
pladn  that  It  cannot  be  used  In  arches  of  as  great  span  as  stone  can.  Some  of 
those  already  boilt,  and  which  hare  stood  for  many  years,  hare  a  theoretical  co- 
efficient of  safety  of  bat  about  S ;  whereas  the  authorities  direct  us  not  to  trust  even 
stone  with  more  than  ono-twentieth  of  Its  crushing  load.  This  last,  however,  ap- 
pears to  the  writer  to  be  one  of  those  hasty  assumptions  which,  when  once  aa- 
mitted  into  professional  books,  are  difficult  to  be  got  rid  of.  It  is  his  opinion  that 
with  good  cement,  and  proper  care  in  striking  the  centers,  one-tenth  of  the  ulti- 
mate strength  is  sufficiently  secure  against  even  the  abnormal  strains  caused  br 
the  settling  at  crown,  and  nslng  at  the  haunches  when  the  centers  are  struck.  It 
Is  useless  to  attempt  to  fix  limiu  of  safety  for  bad  materials  poorly  put  together. 
Kem.  1.  The  common  practice  of  building  brick  arches  in  a  series  of  eon- 
e«Btrie  ringv,  as  at  a  e  e  e,  Fig  12,  with  no  other  bond  between  them  than 

that  aiTorded  by  the  mortar,  is  censured  by 
authorities,  on  the  ground  that  the  line  of 
pressure  in  passing  from  the  eztrados  to 
the  intrados  tends  to  separate  f 
and  thus  weaken  the  arch  ' 
splitting  it  longitudinally, 
for  using  these  rings,  instead  < 
the  radial  joints  continuous  througho 
the  depth  m  n  of  the  arch,  as  at  ft,  Is  to 
avoid  tne  thick  mortar-ioints  at  the  back  of 
the  arch,  and  shown  in  the  Fig.  If  the 
cnnter  of  an  arch  built  as  at  6  be  struck 
too  soon,  the  soft  mortar  In  these  thick 
Jofnts  wOl  be  so  much  compressed  as  to  cause  great  settlement  at  the  crown, 
uirowing  the  arch  out  of  snape,  and  creating  such  inequality  of  pressure  as 
mlffhi  even  lead  to  its  fidl,  especially  if  flat  As  a  compromise  between  rings 
ana  oontinnons  Joints,  ther  are  sometimes  employed  together,  so  as  to  get  rid  of 
^  of  the  long  radial  joints ;  and  at  the  same  time  to  break  at  Interwals 


i 


;De  eziraoos  to  / 

irate  the  rings,  A 

by,  as  it  were,  / 1 

The  reason  II 

ead  of  makins  V 

us  throughout  ^ 


then  start  again  with  three  rings;  and  so  on  alternately.  A  still  better,  but 
more  exponnve,  mode  would  be  to  fill  e  e,  m  s  with  a  regular  cut-«tone  voussoir. 

The  proper  intervals  for  changing  from  rings  to  blocks  will  depend  upon  the 
Bamber  of  the  rings  and  the  depth  e  a  of  the  arch ;  reference  being  also  had  to 
ledvudng  the  amount  of  brick  cutting  as  much  as  possible. 

These  points  can  be  best  decided  on  l^om  a  drawing  of  a  portion  of  the  arch 
on  a  scale  of  8  or  4  ins  to  a  foot  Generally  the  rings  are  made  only  half-brick,  or 
about  4  to  4.5  ins  thick,  as  at  a  e;  and  in  Brunei's  Maidenhead  viaduct  of  two  ellip- 
tic brick  arches  of  128  ft  span,  and  24.26  ft  rise;  the  boldest  brick  arches  yet  at- 
tempfted;  bat  which  have  oeen  estimated  to  have  a  co-efficient  of  safety  of  but 
three  against  crushing  at  the  crown. 

So  many  othersof  from  70  to  100  ft  span  have  been  succeasfiilly  built  entirely  In 
linn  of  either  half  or  whole  brick  thick,  as  toiustify  us  in  attaching  but  little  weight 
to  uie  above  theoretical  objection,  providea  first  class  cement  be  used,  and  tune 
allowed  it  to  become  nearly  or  quite  as  hard  as  the  bricks  themselves,  before 
striking  the  centers.  Under  such  circumstances  we  should  not  object  to  a  series 
of  rfniB  even  IJi  bricks  thick,  laid  alternately  header  and  stretcher,  as  at  h. 

If  nm  brlcfeji  were  Toasaoli^Bbaped,  that  Is,  a  little  thicker  at  one 
end  than  the  other,  then  rings  a  whole-brick  thick  could  be  used  without  any  in- 
crease in  thickness  of  mortar>Joint  at  the  back  of  each  ring.  Still  with  more 
than  one  rins,  the  radial  joints  would  not  be  continuous,  as  at  6,  but  broken  as  at 
me.  Saeh  bricks  however  would  be  more  expensive  to  make;  and  moreover,  in 
Older  fhlly  to  answer  the  intended  purpose,  they  would  have  to  be  mado  of  many 
pafttoms*  so  as  to  oonfonn  to  the  many  radii  used  in  arches;  and  even  to  the 
ladll  of  the  dillbrent  zings,  when  the  depth  of  the  arch  required  several  of  them. 
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K«iii.  9.  W«t  tbe  briclui  before  laying. 

K«m.  S.  When  the  ends  or  faces  of  a  brick  erch  ere  to  be  flniihed  with  tmU 
stone  ToaaaolrB,  theee  hed  better  not  be  ineerted  nntil  eome  time  after  th* 
completion  of  the  brickwork,  the  hardening  of  the  mortar,  and  a  partial  ei 
of  the  centers ;  lest  they  be  cracked  or  spawled  by  the  nneqwU  settlemaata  of  i 
■elTee  and  the  bricks. 


Rem.  Brick  arebe**  firom  their  great  number  of  Joints  are  apt  to  settle 
much  more  than  cut  stone  ones  when  the  centers  are  removed,  and  thereby  to 
derange  the  shaiie  of  the  arch,  and  at  times,  without  due  care,  even  to  endanger 
its  safety,  especially  if  It  be  large  and  flat.  When  the  span  exceeds  about  SO  to  35 
ft,  and  particularly  if  flat,  use  onlv  brick  of  superior  quality  In  good  c^mesit 
mortar.  With  even  best  materials  and  work  we  advise  the  young  engineer  not 
to  attempt  brick  arches  for  railroad  bridges  of  greater  spans  than  about  tlie  fol- 
lowing. Considerably  larger  ones  than  some  of  them  have  been  built,  and  have 
stood ',  but  their  ooeiii  of  safety  are  not  In  all  cases  satislkctonr.  la  thli  table  th« 
ilae  is  In  parts  of  the  span. 


"X 
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8.  . 
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R. 

8. 
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82 
75 

R. 

J235 
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S. 
68 
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65 

"rT 

50 
45 
40 

,  .134 

S. 
85 
80 

On  the  Filbert  Street  Extension  of  tbe  Penna  R  R,  in  Pklln, 

are  four  brick  arches  of  50  ft  1  inch  span,  and  with  the  V017  low  rise  of  7  ft.  Aiey 
are  2  ft  6  ins  thick,  except  on  their  showing  faces,  where  tliey  are  bot  2  ft.  The 
joints  are  in  common  mortar,  and  about  )^  inch  thick.  These  four  arcbca,  abont 
200  yards  ^>art,  with  a  large  number  of  others  of  26  ft  span,  form  a  Tiadnct.  Ibe 
piers  between  the  short  spans  are  4  ft3  ins  thick.  Those  at  the  ends  of  the  <MMk 
spans,  18  ft  6  ins.  The  springing  lines  of  all  the  arches  are  about  6  to  8  ft  above  the 
ground.  One  of  the  60-ft  arches  settled  8  ins  upon  prer  at  rely  strtkini;  the 
centers;  bat  no  farther  settlement  has  been  observed,  althouKh  the  viaduct  has, 
since  built  (1880)  had  a  verv  heavy  Ikeight  and  passenger  trsffle,  at  from  10  to  SI 
miles  per  hoar.    Soadbed,  about  100  ft  wide,  giving  room  for  9  or  10  tracfca. 
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Ari*  1«  A  «eBter  la  a  temporary 
da»  drawing,  on  a  fixed  platfonn,  an 
vkila  U  ia  biiiw  bnlU.    lioonaUtoofa 


.  wooden  ttraetore  (built  lying  flat,  on  a  ftdl 
under  «0Ter  or  not)  for  eniipQatlnK  an  areh 
'    number  of  troeaee  or  AnuneSti;/,  Fig.!, 


piaoed  from  1  to  6  ft  MMurt  from  oen  to  oen,  and  ooyered  with  a  flooring  2, 2,  of 

^  boards  or  plank^  usually  laid  dose,  and  called  the  Bbeetlnflr  oi^  lA|p« 

immediately  upon  which  the  archstones  are  laid.    In  Fig  3,  the  lag- 


xougfa  boards  or  plank^  usually  laid  dose,  and  called  the  ■beetlnar  oi^  Img* 
Kimc,  immediately  upon  whict  -•^-      ^ —  •  "     '     ^    w  ..     . 

cing  18  not  laid  cloeo.    There  is       „ ^  __  ^ , 

tax  WipKrl,  on  aooount  of  the  greater  required  amount  of  laggmg,  the  thickness 


ging  18  not  laid  close.'  There  is  no  great  economy  in  plsoing  thelTrames  Tefj 


«f  which  increases  rapidly,    lor  the  thickness  of  lagging  see  Bern  9. 


i 


The  eentera  re  t  by  tii  •  ends  of 
their  dioida»  <^  upon  wooden 
■teiMnar  w«dffM  w.  Fig  1, 
anpported  by  stendards  com- 
posed of  poets  p,  whose  tops  are 
eoanected  by  CAp-pieees  o; 
and  whoee  feet  rest  on  string- 
cm  «;  the  whole  being  braced 
diagonally  as  shown. 

If  the  ground  is  very  firm,  and 
the  axeh  light,  the  stanidUirds  may 
rest  on  it,  with  the  interposition 
of  «4|«stliis^bloelu,  «s  be- 
low the  stringer,  to  accommodate 

irregularitiee  of  the  surfhce  of  the  ground,  as  in  the  Fig.  These  blocks  should 
be  somewhat  double- wedge^haped.  so  that  br  drlTing  them  the  standard  may 
be  raJeed  at  any  point  in  case  It  should  settle  a  little  into  the  ground.  But  for 
neary  arches  the  standards  must  rest  on  a  much  firmer  foundation,  such  as  short 
blocks  of  brickwork  sunk  a  few  feet  into  the  ground,  or  some  other  deyice 
adapted  to  the  case.  Frequently  projecting  oflbets  or  footings,  or  at  times  re- 
eessea,  are  provided  in  the  masonry  of  the  abutments  and  piers  for  this  express 
purpose;  and  with  a  view  to  this  it  is  well  to  design  the  center  at  the  same  time 
as  ibe  arch. 

Up  to  spans  of  60  or  60 
ft  a  single  row  of  posts  (one  under  each  end  of 
each  frMne)  will  suffice ;  but  for  much  larger  ones 
two  or  three  rows,  2  or  more  feet  apart  may  be- 
come expedient,  as  in  the  lower  Vig  9. 

The  airlklny  or  lowerlnc-wed^es 
before  alluded  to  are  for  striking  or  Toweringthe 
center  after  the  completion  of  the  arch.  They 
consist  of  pairs  of  wedge-shaped  blocks,  w  to,  at  A, 
rigs  %  of  hard  wood,  from  1  to  2  ft  long,  about  half 
as  wide,  and  a  quarter  or  more  as  thick,  (sufficient 
to  lower  the  center  from  say  2  to  fi  or  more  inches, 
according  to  spcui  and  other  clreumstances,)  rest- 
ing on  the  cap  o,  of  the  standard,  while  Ihe  chord 
e  of  the  fmme  rests  on  tkem.  When  the  end  of  a 
frame.is  supported  by  two  or  more  posts  p,  as  at  B^ 
Fig  2,  instMd  of  upon  one,  the  •triking'Wedges  are 
eometlmes  made  as  there  shown ;  and  where  B  « 
is  one  long  wedge  at  right  angles  to  the  abutment, 
and  acting  as  four  wedges  which  may  all  be  low- 
ered together  by  blows  against  the  end  B. 

Vp  to  spans  of  60  or  80  ft,  all  the  ftames  maj  rest 


l'      6  IF— ^ 
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on  baft  two  wedges  like  Bi 


Mch  no  long  M  to  reach  twnnm^ermelj  across  the  entire  arch. 
fmmes  can  be  lowered  at  one  operation,  as  described  near  end  of  Art  9. 

If  we  had  to  consider  only  the  friction  of  dry  wood  against  dry  wood,  th< 
if  tliese  wedges  might  be  as  steep  as  1  vert  to  3  hor,  without  any  danger  o 
itiding  upon  each  other  of  their  own  accord ;  and  they  would  then  reqnii 
moderate  blows  to  start  them,  or  eren  to  entirely  separate  them,  when  the 
had  finally  to  be  lowered.  But  it  is  of  the  ntmoet  importance,  especially  ii 
arches,  that  the  centers  shonld  be  lowered  very  slowly,  oCl 
tbe  mumentum  acquired  by  so  heaTv  a  body  as  the  arch  in  descending  ra 
even  but  2  or  8  ina,  might  possibly  affect  iu  shape,  or  even  ita  aafety. 

Therefore  the  wedges  should  not  haTO  a  taper  steeper  than  about  1  In  6  < 
arches  of  leas  than  about  60  ft  span ;  or  than  1  in  8  or  10  for  laxger  spans.  V 
lines  at  equal  diets  apart  should  be  drawn  on  the  long  sides  of  tbe  wedg 
guide  for  lowering  them  all  to  the  same  extent  at  a  time ;  and  this  should  i 
eeed  in  all  about  half  an  inch  a  day  in  intervals  of  about  an  eighth  of  an  ip 
50  ft  spans ;  or  about  .1  to  .25  of  an  inch  per  day  in  all,  for  spans  over 
8lownes8  is  especially  to  be  recommended  in  briek  arcbea,  not  only  t 
their  greater  number  of  Joints  exposes  them  to  greater  derangement  of 
but  because  even  good  brick  has  much  less  than  the  average  crushing  at 
of  good  granite,  limestone,  or  sandstone,  and  therefore  is  ikr  more  liabi 
(taey  to  crack,  or  even  to  crush  (as  the  writer  has  seen)  when  the  strai 
thrown  almost  entirely  upon  their  edges,  as  described  in  Art  8. 


At  Gloneeeter  Brldse,  En^land^  of  first  class  cut  stone,  s^  150 

tirelyr  .    ^ 

Bcenae< 

of  first  class  cut  stone,  span  200  fL  rise  42  ft.  such  care  was  taken 


85  ft,  the  centers  were  entirely  struck  within  the  very  short  srace  o'f  8  hooi 
the  crown  of  the  arch  descended  10  ins !    At  Oroevenor  Brii! 


Brldce^Ei 

,_^ -, ..  iken  In  east 

centers  that  the  crown  of  the  arch  settled  but  2.5  ins.  This  case  bower 
marked  by  two  or  three  peculiarities,  all  of  which  contributed  to  thia  fia^ 
result.  Namely,  the  center  instead  of  being  a  series  of  frames  supported  m 
by  their  ends,  and  of  course  involving  an  appreciable,  although  small,  dei 

sagging  or  settlement,  coi 
essentially  of  vertical  ai 
clined  posts  or  struts,  see 
footing  on  four  temporal" 
of  masonry,  7  or  8  feet  thlcl 
in  the  river,  parallel  to  thi 
menta,  and  as  long  as  they, 
piers  supported  six  fhun 
rather  six  series)  about  7  fl 
cen  to  cen,  of  such  struts,  f 
on  cast  iron  shoes.  Fig  3 
half  of  one  series.  Each 
or  series  consisted  of  four  tt 
setsof  posts,  all  in  the  sam 
Ucal  plane.  The  long  horixontal  pieces  seen  extending  from  side  to  side 
arch  were  bolted  to  the  struU  to  increase  their  stiflfbess ;  and  other  pieces  I 
same  purpose  united  the  six  series  transversely.  Here  each  strut  susUlns  i 
nhare  of  the  weight  of  the  archstones,  and  transfers  it  directlv  to  the  unyi 
foundation  of  the  pier:  whereas  in  the  usual  trussed  centers,  the  entire  lo« 
upon  the  frames,  and  is  finally  transferred  to  the  comparatively  unstable  si 
or  the  posts  at  their  ends. 

The  tops  j7  of  the  posts  of  a  series  varied  about  fh>m  6  to  8  ft  apart  oen  U 
and  were  connected  by  a  continuous  curved  rib,  rr^  of  two  thicknesses  of 
plank,  bent  to  conform  approximately  to  the  curve  of  the  arch.  On  this  ril 
placed  pairs  of  striking-wedges  w  like  Fig  2,  about  16  ins  long,  10  to  12  ins  wid 
tapering  1.5  ins,  so  near  together  (varying  about  from  2.5  to  8.5  ft  cen  to  cei 
t  here  was  a  pair  under  each  Joint  of  the  archstones,  a  a.  On  these  wedgea,  ai 
tending  over  all  six  of  the  frames,  were  the  lagging  pieces  /,  4Ji  ins  thick. 

Tbia  peculiar  arraiiir«n>«nt  of  tbe  Btriklns^wedfree  an 
gtng  has,  in  larse  spans,  great  advantages  over  the  usual  oneof  placing  then 
at  the  ends  of  the  irames.  In  the  last  the  entire  center  and  the  entire  ar 
iDwered  together,  without  giving  an  opportunity  to  rectify  anv  slight  de 
ments  of  shape  or  ineouality  of  bearing  that  may  have  occurred  in  the  arch  < 
Its  construction.  This  center,  designed  by  Mr.  Trubshaw,  admits  of  loi 
4!Jther  the  whole  equally,  or  any  one  part  a  little  more  or  less  than  the  < 
He  had  much  experience  in  large  arches,  and  stated  that  durinR  the  strik 
r>>und  that  he  had  an  arch  under  better  control,  or  could  humor  it  better,  bj 
\ntt  the  hnunchos  a  little  down,  and  the  crown  a  little  up,  until  near  the  c 
the  operation.  ,  i    f^f^nin 
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Bom*  1.  iBstead  of  pteiv  of  wamaowww  for  rapporilng  the  foot  of  the 
posta,  wooden  cribs  or  piles  may  often  be  used  iT  the  arch  u  oTer  water. 
TIm  prindplo  of  aapportlBB  even  trnased  ftnumes  by  stmts 

at  points  of  the  chord  as  fhr  from  the  aoutments  as  clrcamstances  wiU  admit  of 
(In  addition  to  those  at  the  Tory  ends)  should  alwa/s  be  applied  when  possible, 
io  order  to  reduce  their  ssgging  to  a  minimum.  Stepa  or  oflketo  In  the 
.  Qf  ^^^  abutments  and  piers  may  be  proTiaed  for  recelTing  the  feet 


^ 


of  sBch  struts,  when  they  are  inclined. 

Rena.  8.  Screws  majr  be  nsed  instead  of  wedses  for  lowering  centers.  At       . 
the  Pont  d'Alma,  Paris,  ellipse  of  141.4  ft  span,  and  28.2  ft  rise,  the  frames  were  sup-      M 

Srted  by  wooden  pistons  or  plunsers,  the  feet  of  which  rested  on  nand  eon-  M 
■ed  in  plnte-lron  eylinaero  1  ft  in  diam  and  height,  and  having  near  ■ 
the  bottom  of  each  a  plug  which  could  be  withdrawn  and  replaced  at  pleasure,  m 
thns  regiulatinff  the  outflow  of  the  sand  and  the  descent  of  the  center.  This  de-  ^ 
▼ioe  sucoeedea  perfectly,  and  Is  well  worthy  of  adoption  under  arches  exceeding 
aboat  60  ft  span.  When  much  huner  than  this  the  drirlng  of  the  wedges  on 
striking  reqiures  heary  blows,  and  oecomee  a  somewhat  awkwaru  operation,  re- 
quiring at  times  a  batterinE-ram,  even  when  the  wedges  are  lubricated.  In  rail- 
road cuttings  crossed  by  bridges,  (he  enrtb  nnder  tfeie  Areh  has  been 
made  to  serre  as  a  center,  by  dreasing  Its  surihce  to  the  proper  curve,  and  then 
embedding  In  it  curved  timbers  a  few  feet  apart,  and  extending  from  abut  to  abut, 
for  sapporting  the  dose  plank  lagging. 

Rons*  S.  All  eentem  most  jield  or  settle  more  or  less  under  the  wt 
of  the  arch,  especially  when  supported  only  near  their  ends;  and  since  the  arch 
itself  also  seules  somewhat  not  only  when  the  centers  are  struck,  but  for  some 
time  after,  it  is  advisable  to  make  them  at  first  a  little  higher  than  the  finished 
arch  is  intended  to  be.  This  extra  height,  when  the  supports  are  at  the  ends, 
may  be  from  2  to  4  ins  ner  100  ft  of  span  for  cut  stone  arches  (according  to  time 
of  striking  character  ox  masonry,  workmanship,  etc.),  and  about  twice  as  much  in 
brick  ones. 

Bona.  4L  Tbe  proper  tinie  for  Btrlklns  center*  is  a  disputed 


point  among  engineers,  some  contending  that  it  should  be  done  as  soon  as  the 
arch  is  finished  and  sufficiently  becked  up;  and  others  that  the  mortar  should 
first  be  given  time  to  harden.  It  is  the  writer's  opinion  that  inasmuch  as  in 
cut-stone  arches  the  mortar  Joints  should  be  very  thin ;  and  since,  m  snoh,  the 
mortar  is  at  best  of  very  little  service,  it  is  of  no  importance  when  they  are  struck ; 
f^ruvfded  the  masonry  backing,  and  the  embkt  up  to  yn  Fig  2,  p  01^  have  been  com* 
pirted;  but  that  in  brick  or  rubble,  the  numerous  Joints  of  l>oth  of  which  rpquire 
ttinch  mortar,  (which  fur  haitlness  should  cousint  largely  of  cement,)  3  or  4  munths, 
.r  longer,  if  possible,  should  be  allowed  it  to  harden  sufflciently  to  prevent  undue 
oompreHion  and  conseqnient  settiement  when  the  centers  are  struck.  The  con- 
tinuance of  the  centers  need  not  interfere  with  traffic  over  the  bridge. 

Art.  8.  The  pressure  of  archstones  against  a  center  is  very  trifling  until  after 
the  arch  is  built  up  so  fiu*  on  each  side  that  the  Joints  form  angles  of  25®  or  80P 
with  the  horixontaL  Theoretical  discussions  on  this  pressure  make  no  allowance 
for  accidental  Jarringa  in  laying  the  archstones,  or  by  the  accumulation  of  material 
resdy  for  use,  laborers  working  on  it,  Ac.  Without  going  into  any  detail,  we  merely 
advise  on  the  score  of  safety  not  to  assume  it  at  less  than  about  the  following  pro- 
portions or  ratios  to  the  weuht  of  the  entire  arch,  namely,  in  a  semicircular  arch 
.47 ;  rise  J86  span,  .61;  rise  .25  span.  .79 ;  rise  J2  span,  .86;  rise  .167  span,  or  less,  1, 
or  equal  to  the  wt  of  the  arch.  This  gives  the  pressure  of  a  semicircular  arch 
upon  its  centers  rather  less  than  half  its  wt  Tlae  wt  of  the  eentem 
tnenaselvee  when  supported  only  near  the  ends  must  be  considered  as  part 
of  the  load  borne  by  them. 

Art.  8.  We  have  seen  that  as  an  arch  a  a  a  Is  being  gradually  built  upward  on 
both  sides,  after  passing  the  points  e,  e,  Elg  4,  where  its  joints  form  angles  a  a  «,  of 
about  80^  with  the  horixontal  a  a,  the  arch  begins  to  press  more  and  more 
upon  the  centers ;  thereby  tending  to  flatten  them  at  the  haunches,  as  shown  at  h 
in  the  dotted  line ;  and  oonseqnentiy  to  raise  them  at  the  crown,  as  shown  at  e. 
But  as  the  building  goes  on  still  nigher,  the  added  stones  press  much  more  heavily 
upon  the  centers  than  those  below  had  done,  and  therebv  tond  to  a  final  derange- 
ment of  the  centers  Just  the  reverse  of  that  caused  by  the  lower  ones;  namely  to 
depress  them  at  the  crown  a,  as  at  o;  and  consequentlv  to  raise  the  haunches  ss 
at  a;  and  this  the  more  because  the  upper  stones  actually  tend  to  lift  or  ease  the 
lower  ones  from  the  lagging.  In  some  cases  where  this  tendency  has  been  in- 
ciessed  by  toreinff  the  keystones  into  place  by  too  hard  driving,  the  Ugging 
under  the  haunches  could  be  drawn  out  without  any  trouble  before  the  centers 
were  eased  at  aU.    On  striking  the  centers  this  tendency  to  sink  at  crown  and 
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rise  at  baanches  is  reir  apt  to  exhibit  itself  more  or  less  dangennuly  la  tiM  a<^«- 
stones  themselves,  as  in  Fig  6,  causing  thoae  near  the  crown  to  preae  T«rr  hart 
together  at  the  eztrados,  and  to  separate  fh>m  each  other  at  the  intrados ;'  vhile 
near  the  haunches  the  rererse  takes  place.  Henoe  the  an^es  of  the  stoDea  an 
frequently  split  and  spawled  olT  near  o  and  A  by  this  unequal  preeaiue.    Tlieee 


derangements  are  of  couiae  much  more  likely  to  be  serious  in  high  axtdiea  ♦»»«" 
in  flat  ones,  especially  if  their  spandrels  are  not  suffideatlr  boilt  ud  hnftMa 
lowering  the  centers.  *^ 

In  the  OrosTenor  bridge,  before  alluded  to,  of  200  ft  span,  this  dangerona  exeoH 
of  pressure  near  e  and  A  was  prerented  by  coTering  the  skewlMck  Joint  of  tka 
springing  course  at  each  abutment  with  a  wedge  of  lead  L5  ins  thick  at  th«  in- 
trados of  the  arch,  and  running  out  to  nothing  at  the  eztradoe.  Beside  this  a 
strip  9  ins  wide  of  sheet  lead  was  laid  along  the  intrados  edge  of  every  joint  until 
reaching  that  point  at  which  it  was  Judged  that  the  line  of  pressure  would  naas 
from  the  intrados  to  the  eztrados;  after  which  similar  strips  were  laid  alone  the 
extrados  edges  of  the  Joints,  up  to  the  crown.  Hence  wnen  the  oenterawere 
struck,  this  excess  of  pressure  merely  compressed  the  lead,  and  was  thus  enabled 
to  distribute  itself  more  evenly  over  the  entire  depth  of  the  Joints.  See  l^am 
Ins  CiT  Eng  London,  vol  i.    See  also  top  of  p  1213. 

At  tlie  brldi^e  at  Neullly,  France  (of  S  elliptic  arches  of  120  ft  span, 
and  SO  ft  rise),  the  centers  were  so  radically  defective  in  design  that  the  airbes 
sank  13.25  ins  at  crown  during  the  time  of  building;  and  loJo  ins  more  daring 
and  immediately  after  the  striking ;  or  say  2  ft  in  all.  Their  construction  w^ 
the  striking  very  tedious  and  hacardous ;  greatly  endangering  the  lives  of  the 
workmen  and  the  existence  of  the  arches.  Some  of  the  Joints  at  the  extrados 
at  the  haunches  opened  an  inch  each ;  and  those  at  the  intrados  of  the  cit>wn  .25 
of  an  inch.  By  the  exercise  of  great  care  and  humoring  in  lowering  the  centeo. 
these  openings  were  much  reduced. 

Bern.  1.  Chainferiiiy  tbe  edfres  of  the  arelmtOBc*  dimtnlsbee 
the  danger  of  their  spawling  off  from  unequal  pressure ;  as  does  also  the  ^ttthi 
Inip  out  of  the  mortar  of  tlie  Joints  for  an  inch  or  two  in  depuTbe- 

fore  striking  the  centeia. 

Rem.  2.  It  is  evident  that  in  order  to  prevent,  or  at  least  to  diminish  the 
alternate  derangements  of  the  center,  those  of  its  web  members  which  at  first 
acted  as  stmUi  near  the  haunches.  Fig.  4.  to  prevent  them  fh>m  sinking  as  at 
A,  must  afterwards  act  as  ties  to  prevent  them  fh>m  rising  as  at  n;  while  those 

which  at  first  acted  as  ties  near 
the  crown  a,  to  prevent  It  fh>m 
rising  as  at  c,  must  aflerwaids 
act  as  struts  to  preveat  it  fVom 
sinklngas  at  o.  In  other  words, 
the  principle  of  eonster- 
bracinir  must  be  attended 
to  as  wellin  a  frame  or  truss 
for  a  center,  as  in  one  lor  a 
bridge. 


Ajrt«  4.  From  the  foregoing  it  is  plain  that  a  simple  uibraeed  woodea 
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arelM  or  earred  rib  li,  on  Msooant  of  its  great  flexibilitf  ,  aboot  as  unfit  a  form 
as  oouid  be  chosen  for  a  center,  except  for  Tory  small  spans^  where  a  great  propor* 
tlonal  depth  of  rib  can  be  readily  secured.  Still  the  writer  has  seen  it  used  lor  a 
cot-stone  semlcircolar  arch  of  85  ft  span,  with  archstones  2  ft  deep.  Fig  6  shows 
one  rib  rr,  and  the  arch,  a^a,  drawn  to  a  scale.  Each  rib  consisted  of  two  thickneeses 
of  2  inch  plank  in  lengths  of  about  6Ji  ft,  treenailed  together  so  as  to  break  joint, 
as  at  B.  Each  piece  of  plank  was  12  ins  deep  at  middle,  and  8  ins  at  each  end ; 
the  top  edge  being  cut  to  suit  the  curve  of  the  arch.  The  treenails  were  1.25  ins 
in  diam;  and  12  of  them  showed  to  each  length.  These  ribs  were  placed  17  ins 
apart  from  een  to  oen,  and  steadied  together  by  a  bridging  piece  of  inch  boaid  18 
ins  long,  at  each  joint  of  the  planks,  or  about  8.25  ft  apart.  Headway  for  traffic 
being  necessanr  under  the  arch,  there  were  no  chords  to  unite  the  opposite  feet 
of  the  ribs.  The  ribs  were  covered  with  close  board  laming,  which  tuso  assisted 
in  steadring  them  together  transTersely.  As  the  arch  approached  about  two- 
thifds  of  its  height  on  each  side,  the  ribs  began  to  sink  at  the  haunches,  as  at  A, 
Fig  4 ;  and  to  rise  at  the  crown,  as  at «.  This  was  rectified  by  loading  the  crown 
with  atone  to  be  used  In  completing  the  arch ;  which  was  then  finished  without 
further  tronble. 

A  still  more  atrlklnpr  example  of  the  use  of  a  simple  unbraeed  wooden 
rib.  was  in  the  old  National  Titrnrifke  bridge  over  Wills  Creek,  at  ''iimberland.  Md- 
This  bridge,  of  which  one  arch  with 
its  center  is  shown  in  Fig  7  drawn 
to  a  scale,  consisted  of  two  elliptic 
cut  stone  arches  28JS  ft  wide  across 
roadway,  and  of  80  ft  span,  and  15 
ft  rise.  The  archstones  were  8  ft 
deq>  at  crown,  and  4  ft  deep  at 
skewbaeks.  EAeb  frame  of 
tlie  eenter  was  a  simple  rib  6 
ins  thick,  composed  of  three  thick- 
nesses of  2  incn  oak  plank  in  diflbrent  lengths  (about  7  to  15  ft)  to  salt  the  curve, 
and  at  the  same  time  to  preserve  a  width  of  aboot  tfi  ins  at  the  middle  of  each 
length,  and  12  Ins  at  each  of  its  ends.  The  thicknesses  were  well  treenailed  to- 
getner,  breaking  joint  and  showing  from  10  to  16  treenails  to  a  length. 

Here,  as  in  Fig  6,  there  were  no  chorda,  owing  to  the  violence  of  the  floods  in 
the  creek.  These  ribs  were  placed  18  ins  flrom  oen  to  een,  and  steadied  against 
one  another  by  a  board  brioging-piece  1  ft  long,  at  every  6  ft  These  were  of 
coarse  assisted  oy  the  lagging. 

When  the  archstones  had  approached  to  within  aboot  12  ft  of  each  other  near 
the  middle  of  the  span,  the  sinking  at  the  crown,  and  the  rising  at  the  haunches 
had  become  so  alarming  that  pieces  of  12  X  12  oak,  00,  were  hastily  inserted  at 
intervals,  and  well  wedged  against  the  archstones  at  their  ends.  The  arch  wm 
then  finished  in  sections  between  these  timbers,  which  were  removed  one  by  one 
as  this  was  done. 

Bern.  I.  Sneli  tnLStaneea  •f  partial  fl»lliire  are  very  instmctive. 
It  is  indeed  by  such,  rather  than  by  theoretical  deductions,  that  the  proper  dimen- 
sions are  arrived  at  in  a  vast  number  of  cases  pertaining  to  engineering,  ma- 
chinery. ^.*  Thus  we  might  with  entire  confidence  of  no  serious  mishap,  apply 
ribs  of  the  forgoing  dimensions  to  spana  only  half  as  great 

Rem.  2.  Assuming  the  rib-planks  to  be  12  ins  wide,  it  would,  as  a  matter  of 
detail,  be  better  to  make  them  about  10  ins  wide  at  the  ends  instead  of  the  8  ins 
in  Fi£  6  making  top  curve  2  ins.  To  secure  this,  their  lengths,  depending  on  the 
rmduam  of  tbe  rib,  must  not  exceed  those  in  the  folio wlniif  table  t 


i 


Bad 
of  Aieh. 

Greatest  Length. 

Bad 
of  Arch. 

Greatest  Length. 

Feet 

5 
10 
15 
20 
25 

Feet  and  Ins. 
t      «     5 
8      "      4 

4  «      2 

5  "      0 

6  "      9 

Feet 
80 
86 
40 
4B 
50 

Feet  and  Ins. 
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8  "      2 
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If  cat  I'U  times  as  Ions  as  this  table,  they  will  be  ver j  approximatelj  8  tet 
wide  at  ends ;  or  each  will  on  top  curre  4  ins. 


Art.  0.    In  cases  wbere  all  poaaible  liei 

daring  the  building  of  the  arch,  as  in  the  two  foregoini 


; 


i 


I 


a 


a 


B 


it ;  and  after  the  arch  is  comploted  in  i 

,  instead  ot  lowermc  the  oea 


tions,  a  0,  instead  oi 
ters,  to  take  tfeic 


Pig  8. 


o  Fig  8  Is  a  transverse  section  throogfa_part 

^        of  the  center,  and  of  the  arch  a  a.     Here 


re^re,ref  are  framesof  thecentersaydorf 
ft  apart;  and  of  any  depth  and  construction 
whatever  that  may  be  necessary  to  insure  absolute  safety ;  and  <  <  is  the  lagging- 
Having  built  the  arch  from  abutment  to  abutment  in  a  series  of  sections  a^a^m,  ne- 
ceasarily  separated  say  a  foot  or  more  by  the  deep  frames,  we  may  take  the  centers 
apart,  and  tnen  fill  in  the  narrow  intermediate  sections  apon  a  lagginff  suspended 
by  iron  rods  from  the  already  completed  sections.  Good  concrete  m^^ht  De  oaed 
for  these  narrow  sections,  in  some  cases  it  might  be  well  to  use  deep  plate- 
Iron  ribM  of  I  section,  resting  the  lagging  on  the  lower  flange.  Paii  of  the 
web  might  be  left  remaining  embedded  m  the  masonry ;  and  the  upper  part  and 
both  flanges  removed  after  tne  arch  is  finished. 

Art.  6.    Centers  witb  lior  cbords  c  0  Fig  9  are  objectionable  (notwith- 
standing their  strength)  In  large  spans  of  great  rise,  as  on  right  side  of  the  Fig,  on 

account  of  th^  excessive  length 
required  for  the  web  members; 
and  hence  it  will  in  such  caMs 
usually  be  found  expedient  to 
adopt  something  analogous  to 
what  is  shown  on  the  left  hand 
of  the  Fig.  Here  a  truss/,  shorter 
and  shallower  than  that  on  the 
right  hand,  is  substituted  for  the 
latter.  At  its  ends  provision  most 
be  made  for  supporting  not  only 
itself,  but  the  archstones  below 
it  As  the  pressure  of  these  loww 
er  archstones  is  oomparativelr 
small,  this  may  usuall v  De  effecteq 
by  resting  the  end  of  the  frame 
/  upon  another  and  shallower  fhune  d  a.  This  may  in  laroe  spans  be  aided  by 
either  inclined  or  vertical  st  ruts,  either  single  or  braced  together ;  or  as  the  trestles 
on  p  1037.  Sometimes  one  shallow  truss  Uke  /  is  sustained  upon  another  truss 
throughout  its  entire  length.  The  striking-wedges  for  these  various  supports  may 
be  placed  at  either  their  tops  or  their  feet,  as  may  be  most  convenient. 

Art.  7.    For  flat  arches  of  10  feet  clear  span,  a  mere  board  0  s 

Fig  10, 12  ins  deep,  by  1.5  ins  thick,  with  another  piece  c  of  the  same  thickness 
on  top  of  it,  trimmed  to  the  curve,  and  con* 
—  fined  to  o  0  bv  nailing  on  two  cleats  of  naiv 

row  board,  will  answer  every  purpose,  with 
intervals  of  18  Ins  from  cen  to  cen.  If  the 
upper  piece  also  is  as  much  as  12  ins  deep  at 
its  center,  the  dear  span  may  be  extended 
toWft. 

For  spans  of  10  to  10  ft.  and  of  any 
rise,  two  thicknesses  of  plank  ttom  1  to  2  ins 
thick  according  to  span ;  8  to  12  ins  wide  at 
middle  of  each  piece,  in  lengths  as  per  table.  Rem  2,  Art  4,  well  nalle4  or 
spiked  together,  according  to  span,  breaking  Joint  as  in  Fig  6,  will  answer  for 
distances  of  2  to  8  ft  apart  cen  to  cen.  For  greater  dists  i^Mirt  increase  the  thick- 
ness of  the  planks  proportionally. 

if  tfeie  centers  have  to  be  mowed  ftpom  place  to  place,  to  serve 
for  other  arches,  then,  to  preserve  them  fh>m  injury  in  handling,  their  foet  shoold 
be  united  by  nailing  on  one  or  both  sides  of  each  frame  a  chord  piece  of  aboat  1 
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Inch  board ;  and  also  a  rertical  piece  or  pleeea  of  the  aame  slae  from  the  center 
of  the  chord  to  the  top  of  the  frame. 

Etcb  when  tb^jr  ai«  not  to  bo  moTed,  the  chord  pieces  are  useful 
eren  fn  so  small  spans,  inasmach  as  thej  render  the  striking  easier,  by  not  allow- 
ing the  feet  of  the  ribs  toglTO  trouble  by  spreading  outward  and  pressing  against 
the  abutments. 

For  Bpniui  of  10  to  80  ft,  and  for  any  rise  not  less  than  one  sixth  of  the 
span,  the  following  dimensions,  varying  with  the  span,  may  be  used  for  distancos 
apart  of  8  ft  from  cen  to  cen. 
See  Fig  11.  For  the  bow  ft, 
two  thicknesses  of  1  to  2  inch 
plank  from  9  to  12  ins  wide 
at  the  middle;  and  from  7  to 
10  ins  at  each  end,  well  spiked 
together  breaking  Joint  as  at  B, 
Fig6w  FortbecDor(le,two 
thlcknesaes  of  plank  of  same 
sise  as  the  bow  at  its  middle: 
placed  on  outsidee  of  bow,  and 
well  spiked  to  its  ends.  A 
T^rtlciU  V,  in  one  pieoe  as 
wide  as  a  bow  plank,  and  twice 

as  thick.  Its  top  is  placed  nnder  the  bow,  and  Is  confined  to  it  by  two  pieces,  o.Ot 
of  how  plank  twice  as  long  as  the  bow  plank  fs  deep,  and  spiked  to  both  v  and  the 
bow.  The  foot  of  v  passes  between  the  two  thicknesses  of  the  chord  e,  and  is 
spiked  to  them.  Two  obllqne  tlOHltrats,  «,  each  of  two  pieces  of  bow 
plank,  outside  of  the  bow  and  vertical  v;  Iboting  against  each  other;  and  spiked 
to  bow  and  v.    These  with  v  divide  the  bow  Into  4  parts. 

Rem.  1.  The  above  dimensions  are  suitable  to  a  rise  of  one  sixth.  If  the 
rise  is  one  fourth,  the  tblekness  oitly  of  the  planks  may  be  reduced  one  third 
part :  and  for  a  rise  of  one  third  or  more,  we  may  reduce  to  one  half. 

Rem.  9.  If  in  the  larger  of  these  spans  the  strata  t  should  show  any  incli- 
nation to  bend  sideways,  nail  on  some  pieces  t  fh>m  frame  to  lirame.  Also  in  the 
largej  ones  with  rises  exceeding  one  third,  insert  four  double  struts  «,  instead 
of  two :  thus  dividing  the  bow  Into  6  parts,  as  at  left  side  of  Fig.  XL  For  spans  of 
2S  to  85  ft,  add  also  two  struts  like  aa,  of  same  size  as  v. 

Art.  S.  For  smiiis  greater  tban  about  80  ft,  the  writer  believes 
that  as  a  eeneral  rule  (liable  to  modifications  according  to  the  Judgment  of  the 
engineer  m  charge)  the  following  ideas  wUl  lead  to  safe  practice.  Namely,  to 
adopt  a  bowstring  truss  with  a  simple  Warren  or  triangular  web.  as  at  /  on  the 
left  side  of  Fig  9.  The  bow  to  rest  on  the  chord,  and  each  to  be  of  a  sinelo  thick- 
ness. The  web  members  (especially  in  large  spans)  to  be  also  of  single  thickness, 
and  placed  below  the  bow,  resting  on  the  chords,  and  well  strapped  to  both,  so  as 
to  act  as  either  ties  or  struts.  In  smaller  spans  the  web  members  may  each  be  in 
two  thicknesses,  one  bolted  or  treenailed  to  each  side  of  the  bow  and  cnoid.  Other 
modes  wQl  suggest  themselves :  but  we  have  not  space  for  such  details. 

Or  a  web  of  the  Howe,  or  of  the  Pratt  system,  as  on  the  right  side  of  Fig  9  may  be 
used.  But  in  reference  to  both  of  these  it  may  be  remarked  that  I  be  iwe  of 
looiT  iron  rods  In  eenters  of  large  spans  is  highly  objectionable,  owing 
to  the  dififorent  rates  of  expansion  between  iron  and  wood.  Therefore  if  these 
C7stems  are  used,  all  the  memben  should  be  of  wood.  Tbe  lattice  may  be  used 

Even  when  the  rise  of  the  arcb  exceeds  .26  of  the  span,  It  is  better  not  to  lot 
thai  of  the  oenters  oxeeed  that  limit ;  but  adopt  the  expedient  shown  at 
the  left  side  of  Fig  9,  with  a  rise  of  about  one  sixth  of  the  span. 

Rem.  I.  To  llx  on  tbe  nmnber  of  web  triangles  in  a  Warren 
truas  or  frame  for  a  center,  find  the  square  root  of  the  span,  and  to  it  add  one 
tenth  of  the  span.  Divide  their  sum  by  2,  and  call  the  quotient  n.  Divide  the 
span  by  it.  If  this  quotient  is  a  whole  number  use  it ;  or  if  the  quotient  is  partly 
decimal,  use  the  whole  number  nearest  to  it,  as  a  distance  In  feet  to  be  stepped  oil 
along  the  chord ;  thus  dividing  the  chord  into  a  number  of  equal  parts.    All  the 

fi>inta  thus  found  on  the  chord,  are  the  places  for  the  Deet  of  the  triangles, 
ext,  firom  half  way  between  each  two  of  these  points,  draw  vertical  lines  to  the 
bow.  The  points  tnus  foand  along  the  bow,  are  the  places  of  the  tops  of  the 
triangles.  This  rule  will  bo  used  in  connection  with  the  following  Table  of  Areas 
of  Bows,  as  the  two  are  dependent  on  each  other. 

In  laige  arches  tbo  timber  of  tbo  bow  sbonld  not  be  wasted  by 
trimming  its  upper  edges  to  the  curve  of  the  arch,  but  should  be  left  straight ;  and 
separate  pieces  so  trimmed,  like  e  in  Fig.  10,  should  be  8piked|Oi^^^f  them. 
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k^f  tiMlbow,  in  sqiutTe  inches,  ms7  be  tak«ni 

the  following  table :  and  may  in  practice  be  aasnmed  to  be  unifonn  throoglioal 
Its  entire  length ;  vhtch  in  fkot  it  is  quite  approximately.    See  Bern  2. 

TABUS  FOR  BOWSTRIHG  CEBTTKBIS. 

Table  of  areas  in  square  inches  at  the  crown  of  each  Bow,  ofj, 
tmiiaed  Bowstring  flrames  for  centers  of  stone  or  brick  arches.  The  frames  to 
be  placed  5  feet  apart  Arom  cen  to  cen.  With  these  areas,  the  combined  wei^ts 
of  arch,  center  (of  oak),  and  lagging,  will  in  no  case  in  the  table  strain  theBow 
at  crown  of  the  greatest  spans  quite  1000  lbs  per  square  inch ;  diminishing  grad- 
ually to  600  or  700  lbs  in  the  smallest  spans,  which  are  more  liable  to  **f\rnsltfrni 

Although  centers  of  moderate  span  are  usoalljr  made  of  white  or  ydlow 
pine,  spruce,  or  hemlock,  all  of  which  are  considerably  lighter  than  oak,  we  bare 
for  safety  assumed  them  to  be  of  oak,  in  preparing  our  table. 
For  spans  of  ftpom  10  tm  SO  feet  use  the  same  sixes  as  for  20  tbsL 


Oifginal. 

.5 

.4 

Rise  In  parte  of  tlie  Span 
•SIS    .S    .85     JS 

as 

•1 

Span 

in  feet. 

Areas  of  (r 

in  square  inches. 

20 

14 

17 

19 

21 

24 

29 

88 

m 

25 

18 

22 

26 

28 

88 

40 

68 

w 

80 

28 

28 

82 

87 

48 

61 

71 

Kn 

85 

28 

84 

40 

45 

64 

64 

87 

195 

40 

84 

41 

48 

56 

65 

77 

106 

IM 

46 

40 

49 

67 

65 

76 

92 

126 

175 

60 

47 

57 

66 

76 

88 

107 

146 

208 

65 

63 

64 

75 

87 

102 

121 

166 

288 

00 

60 

78 

85 

99 

116 

185 

187 

968 

66 

68 

81 

95 

110 

129 

151 

209 

994 

70 

75 

90 

105 

122 

148- 

168 

283 

896 

75 

83 

99 

115 

133 

157 

184 

256 

SS7 

80 

91 

108 

125 

145 

171 

201 

279 

880 

85 

99 

117 

186 

157 

186 

218 

808 

498 

90 

106 

127 

147 

169 

199 

236 

826 

467 

95 

115 

186 

158 

181 

214 

952 

848 

498 

100 

128 

146 

169 

194 

229 

270 

879 

694 

110 

138 

166 

191 

219 

960 

807 

499 

190 

155 

187 

218 

246 

291 

845 

470 

868 

180 

172 

206 

287 

274 

S23 

884 

mo 

140 

190 

280 

268 

908 

857 

424 

679 

150 

209 

252 

289 

388 

888 

466 

160 

229 

276 

815 

865 

480 

609 

170 

250 

299 

848 

899 

469 

180 

272 

828 

878 

435 

611 

190 

294 

847 

408 

472 

200 

818 

872 

486 

609 

>  8.  The  square  root  of  any  of  these  areas  gives  in  inches  the  sMe  a' 
a  square  baw  of  that  area.  The  disuooes  apart  of  the  triangles  which  farm 
the  web  of  the  frame,  having  first  been  found  by  Rem  1  (for  said  Hem  and  this 
table  are  dei)endent  on  each  other),  the  above  areas  for  bows  6  ft  apart  from  eea 
to  cen,  suffice  not  only  to  resist  the  pressure  along  the  bow,  but  also,  as  sanare 

» to  sustain  with  a  safety  in  no  case  less  than  about  6,  the  load  or  arclK 


stones  resting  upon  them  between  the  adjacent  tops  of  two  triangles :  and  with 
▼ery  trifling  deflections.    It  is  therefore  unnecessary  to  deepen  this  ribs  for  that 
purpose :  although  it  may  be  done  (preeerrlng  the  same  area)  in  case  consider- 
ations or  detail  snould  render  It  desirable. 
As  before  suggested,  it  will  generally  be  best,  in  spans  exoeedinc  80  or  40  ft,  to 

gve  the  bow  a  rise  not  exceeding  about  one  fifth  or  one  sixth  of  the  span ;  and 
support  the  ftames  as  at/,  Fig  9. 

The  slse  of  the  ehord  may  be  the  same  as  that  of  the  bow ;  and  like  it 
nniform  ftom  end  to  end ;  care  howeyer  being  taken  that  It  be  not  matetlallj 
weakened  by  footing  the  bow  upon  its  ends ;  or  (when  too  long  for  slni^  tisii- 
hers)  by  the  qOldng  necessary  to  prerent  Its  being  sta^Khed  or  pulled  sfMut  by 
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Ike  tlmstef  the  bow.  When, however,  the  ehord  can  be  plaeed  at,  or  t  little 
below  the  springs  of  the  arch,  all  danger  of  this  kind  may  be  aToIded  by  slmplT 
wedgiBg  its  ends  well  against  the  faces  of  the  abutments. 

Am  to  the  siiM  of  the  web  members,  when  a  bowstrins  truss  is 
fVBlljr  loaded  on  top  of  tbe  bow,  (as  is  approximately  the  case  witn  a  center 
and  its  archstones.)  the  strains  on  the  web  members  are  quite  insignificant,  and 
arise  chiefly  from  the  weight  of  ihe  center  itself;  but  wnile  U  in  belne  so 
loaUied.  they  are  not  only  grtiater,  but  are  constantly  changing,  not  only  in 
smonnt^  but  also  in  character— being  at  one  period  oompreasive,  and  at  another 
tensile. 

Hence  it  would  be  very  tedious  to  calculate  the  dimensions  of  the  web  members. 
Fortunately  the  necessity  for  doing  so  is  in  a  great  measure  obviated  by  the  fact 
that  a  center  being  but  a  temporary  structure,  the  timber  compoeing  it  is  not  ulti- 
mately wasted  if  a  greater  qaantitr  of  it  is  used  than  is  absolutely  required. 
Moreover  &cillty  of  workmanship  is  secured  by  not  haring  to  employ  timbers 
of  nuaxj  different  sizes. 

Hence  the  writer  will  rentnre  to  suggest,  entirely  as  a  rule  of  thumb,  to  ariv^ 
each  web  member  hmlf  the  transverse  area  of  the  bow, 
taking  care  to  make  each  of  them  a  tle-strnt. 

Bern.  8.  As  to  detalhi  of  Joints,  we  refer  to  the  Figs  on  pages  786» 
796;  merely  suggesting  here  the  use  of  long  and  wide  iron  shoes  where  umbers 
are  subjected  to  great  pressure  sidewavs. 

Bern.  4.  To  prevent  the  thrust  of  the  bow  when  its  rise  is  small,  from  split- 
ting off  the  ends  of  the  chords,  the  two  may  be  united  by  many  more  bolts  than 
are  employed  In  roof  trusses,  Slc,  where  only  one  is  generally  placed  near  each  end 
of  the  chord.  But  they  may  when  required  he  Inserted  at  Intervals  extending  to 
many  feet  firom  the  ends.  The v  should  have  strong  large  washers ;  and  may  iiave 
about  the  same  inclination  as  the  shortest  web  member. 

Another  way  of  securing  the  same  end  in  smaller  spans,  is  by  completely  en- 
easing  the  two  sides  of  the  bow  and  chord,  to  a  distance  of  a  few  feet  firom  their 
ends.  In  short  pieces  of  board  or  plank  spiked  to  both  of  them,  and  having  about 
the  same  inclination  as  Just  suggested  for  bolts. 

Bern.  5.  Build  up  both  sides  of  the  arch  at  once,  in  order  to  strain  the  ce&> 
ten  as  little  as  possible. 

Item.  6.  When  a  bridge  consists  of  more  than  one  areh,  and  they  are  to  be 
bnnt  one  at  a  time,  there  must  be  at  least  two  centers;  for  a  center  must  not 
be  atrack  until  the  contiguous  arches  on  both  sides  are  finished,  for  fear  of  over- 
tarntng  the  outer  unsupported  pier.  Therefore  if  there  are  but  two  arches,  they 
must  be  bnOt  at  once,  requiring  two  centers. 

Kem.  7.  Alwajrs  use  supports  either  vertical  or  Inclined  (and  pro- 
vided with  striking-wedges)  under  the  Arames,  and  intermediate  of  the  end  sup- 
ports, when  j^oesible ;  even  if  they  can  extend  out  but  a  few  feet  firom  the  abiu- 

inff  is  greater 


ments,  as  at  the  left  side  of  F^  9. 

welffht  of  larire  eenters  and  their 


8.   The  welchi  _ 

for  flat  archee  than  ibr  high  ones  of  ttie  same  span;  and  also  appr< 
to  that  of  the  supported  arch. 

Rem.  H.  Thiehness  of  lagcinsr*  The  following  table  gives  thicknesses 
which  will  not  bend  more  than  an  eighth  of  an  inch  under  the  weight  of  any 
probable  archstones  adapted  to  the  respeetlwe  spans  ;  and  generally  not 
•o  much. 
TABIig  OF  IiAOOnr«.-Origin8l. 


Distance  apart 

of  ikames^ 
ta  the  dear. 


I^eeL 
6 

5 
4 
9 
2 


141. 


Span  of  eenter  In  Ibet. 
«•  M.  IM.  ISO. 


ThJeknesB  of  doae  laming  not  to  bend 
Ina.  Ins.  us.  Ins. 


more  tlian  %  inch. 
Ins.      I      Ins. 

8 

2 


With  thieknesses  three  quarters  as  great  as  these,  the  bending  may  leseh 
sftan  quarter  Inch;  whlchmay  he  allowed  m  dials  apart  of  8  or  more  ft. 


.  Centers  are  ftpamed,  or  put  tMetber,  (ttke  iron  bridns)  ou  a 
flrin,  level  temporary  floor  or  platform,  oa  which  a  loll-sise  dzawlng  of  a  frame  is 
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Arrt  huhIb.    As  mch  ^laft  fi  finlflbed,  it  la  remoTed  to  Its  place  on  Uw  i 
ftbuu, 

A  rU  9>  Tbe  WlnfiAhlekoii  Bridge  of  the  Reading  R  R,  at  Pbiliui 
hwt  ft%o  jtrchtu  of  ti^  ft  i^pjiti.  23  ft  Hm,  28  ft  wide  (archstones  3  ft  deep,  with 
Unln  Atid  jDjiinrR,  in  cenii>ii[  mortar);  with  four  cutstone  piem  9^  ft  thick  at  t 
f r<i  m  35 1  o  &0  ft  It  IfEb.  1 1  cu  n  tat  oa  about  1&40U  en  b  y da  of  maaonry.*  Ea^h  e< 
coiiHittCetl  uf  7  fmitifi  or  tniAm^B  of  hemlock  timber,  of  the  Bowatring  patter 
iHttieu  web-niembera ;  and  aa  nearly  aa  may  be,  of  the  aame  ap 

)  u  tlio  artbcft.    Thoj  wvre  placed  4.6  ft  apart  from  center  to  center;  an 

aupported  near  each  end  /, 
(a  iranarerae  aection  to  ao 
a  hemlock  poat  p,  12  ins  i 
The  bow  waa  of  two  thiol 
bb  of  hemlock  plank,  6  in< 
clear,  in  lengths  of  6  ft,  wit 
upper  edgea  cut  to  suit  th< 
of  the  arclu  Each  piece  w: 
thick,  by  13.5  Ins  deepatitai 
and  12  ina  at  its  ends.  These 
did  not  break  Joint ;  but  i 
Joint  were  four^  inch  loll 
nuts  and  waahera,  uniting 
with  chocks  or  fliling-in 
TTkP  l)ow,  ft  h,  fmiifW  t»it  Ut]t  oT  the  ends  of  the  chorda  /;  and  the  angle  fon 
their  >it««tin(c  (M«n  niilj  In  a  aide  view)  waa  (for  about  2.5  ft  horixontal  an 
\>rttcal)  niliHt  19 |t  Rcilfd  with  vertical  piecea,  to  afford  a  firmer  baaefor  reati 
frnino  on  n  ;  brjond  whicli  It  oxtends  (in  a  side  view)  about  18  ina. 

The  chivniB  /  wui-fi  of  two  thick neeses  of  4  X 12  hemlock  plank,  6  Ini 
clrar,  and  tnoat  uf  the<in  In  two  nr  three  lengths;  breaking  Joint,  and  with 
inrb  baits,  with  du|«  nnd  wuHhers,  at  each  Joint,  fur  bolting  them  together. 
filUiT^-in  piece*.  The  wrh  meuibem  of  each  frame  were  26  lattice 
n  X  1^  i»t^lt  hf^itibH  k^cron^iiig  each  other  about  at  right  angles,  at  Intervals  o: 
a.&  ft  fruiu  conifer  tn  rentt  r.  and  passing  between  the  two  thickneesea  bb  of  tt 
and//  of  tlip  cliLinU.  A  fe- w  of  the  lattioea  were  in  two  lengths,  and  the  Join 
Out  At  the  crosHlngH,  Tb^  Irittices  were  connected  at  each  cruaalng  by  two  hnr 
trfMi^nidlg  9  ina  If^u^.  and  2  ins  diam;  and  one  such,  18  ins  lone,  paaaed  throu 
inl4*r»i'Cl[nn  of  imcit  end  at  a  lattice  with  a  bow  or  chord.  The  first  lattic 
abuqt  4  ft  fn^m  the  end  i  f  a  chord.  They  do  not  extend  above  the  top  of  tl 
All  tho  flpacF'^  hotxvi'eu  ihr>  two  thicknesses  of  bow  or  chord,  where  not  occqj 
thA  Andi  of  Ulticeti,  we-n*  r< <m pletely  filled  by  chocks, well  si>iked. 

Ejich  rrniite  r«ninriiied  about  800  cub  ft  of  timber;  and  weighed  i 
loiiu.  Tlit^y  vicro  v^'ry  f  ixlble  laterally  until  in  place,  and  braced  togethe 
tranKTPTiiu 'horlT.aDliil  platikji  spiked  to  their  chords ;  and  by  5  others  above 
s^itke^i  (o  tliH  liiltic«?!§. 

Untn  Iht^kffifidiijne!!  wrro  placed,  all  the  Joints  of  the  fhimea  continned  tight 
thci  ]in<ii«ur«  trnTii  thu'  arch,  and  fh>m  the  unfinished  backing  to  the  height  ol 
iA  ft  M,l)oi"f>  ib«  Eprlngiiig  line;  bat  after  the  keystones  were  act,  all  the  Joinb 
chu>^i  aintift  opened  rrom  .35  to  .76  of  an  inch ;  and  at  the  same  time  ttie  lagg 
der  thf"  fmundtfM  of  the  iirclics  t>eGame  slightly  separated  from  the  soffit  of  the  mi 
Enrh  renter  viuik  hutaftill  inch  at  the  middle,  under  the  pressor 
the  nn  h  Hud  14  ft  of  hnckinjf. 

The  portion  nf  the  brjilgi^  above  the  piers  waa  about  two  thirds  completed 
tbe  centern  wi>r«'  itrnck. 

There  wan  one  wedipe  w,  w,  (82.fi  ft  long,  of  12  X 12  Inch  oak)  nndt 
end  of  A  center.  It  wiis  trimmed  to  form  7  smaller  ones  te,  w,  each  4.6  ft  loi 
ta[*rm|ii:  T  ins  j  one  nn«i<'r  «-*ch  end  of  each  frame  /.  They  played  between  I 
bin.ka  a,  a.  of  nak,  £  ft  lon^,  1  ft  wide,  let  1  inch  into  the  cap  c,  or  into  tlie  | 
on  whk  h  lAMt  the"  frAmi'a  /,  /,  reated.  The  eliding  eorfiicea  were  well  lubrkati 
tallow  when  put  in  (iTacir>. 

The  wedK«ii  were  stmek  with  eaae,  at  one  end  of  a  center  at  a  ttmc 
oak  log  1riatli?hntc-mm  l^  (i  long,  and  nearly  a  ft  In  diam,  suspended  hj  ro|> 
swung  nnd  pnEdei  hy  4  rrkc^ii.  They  generally  yielded  and  moved  several  in 
tbe  m^rond  blow  vi  ittr  m.  :\  or  4  ft  swing.  Although  each  wedce  was  loosened  4 
vltblti  '2  or  S  mlnuic^^  thns  lowering  the  centers  very  guddndift  yet  on  aoooan 

•  Tbli  brfdffs.  A«Uto«d  frlibnaL  weMmst.  In  18BS,  rtllteu  mooh  orsdli  on  tbi  Uu  WlUlaa 
l«q,  Cfa.  Enf ;  aa  Mf,  CtimrlM  W.  Buehholc,  AniaUat  lo  CliaTt*;  aadoo  tbe  akiiral  ud  « 
toiiLrutfln,  WiiitKCD  4  iftm««  .Voiu,  of  lUadlag.  Pmb*.    Thcas  U 
•mwimr  la  '^«k4Kc  eii«erTi4i<MU.  Aurlsg  Um  eallrs  pfSfisss  ef  the  wark. 
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good  cfaafBeter  of  the  masonrj,  not  the  sUghtMt  oracK  of  a  mortar  Joint  oonld  aften 
irarda  be  detected  in  any  part  of  the  work.  After  three  dajs  the  aTerage  af  nktnc  of 
the  kejatones  waa  only  .35  of  an  inch ;  the  least  was  ^;  and  the  greatest  ^  of  an 
inch.  The  heads  and  feet  of  the  poets  p  compressed  the  hemlock  caps  c,  and  the 
■Olto,  About  %  of  an  inch  each,  showing  that  for  arches  of  this  size  the  caps  and  sills 
had  better  be  of  some  harder  wood,  as  yellow  pine  or  oak ;  altliongh  probably  the 
eompreasion  was  facilitated  by  the  large  mortices,  3  by  12  Ins,  and  6  Ins  deep. 


i 
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DAHS. 


TIMBER  DAMS. 


Primary  reqnlslt«s,  in  the  erection  of  dams,  are,  %  foundation  saA- 
clentlv  firm  to  prevent  tbem  from  settling,  and  thus  leaking;  the  preTentioii 
of  leaks  through  their  backs,  or  under  their  bases;  and  the  prereDtion  of  wear 
of  the  bottom  of  the  stream  in  front  of  the  dam,  by  the  action  of  the  rallins 
water.  For  the  first  puri>ose,  hard  level  rock  bottom  is  of  course  the  best:  and 
should  he  chosen,  if  possible.  In  that  case,  thick  planks,  tt.  Fig  6,  (single  or 
double,  as  the  case  may  be,)  closely  Jointed,  and  reaching  from  the  cresi,  e,  to 
the  back  lower  edge  w,  (where  they  should  be  scribed  down  to  the  rock ;)  with  m 
good  backing.  6,  of  grarel,  will  suffice  to  prevent  leaks.  Gravel,  or  rather  Tery 
gravelly  soil,  is  far  better  than  earth  for  this  purpose;  for  if  the  water  ahould 
chance  to  form  a  void  in  it,  the  gravel  falls  and  stops  it.  To  prevent  this  back- 
ing from  being  disturbed  near  the  crest  of  the  d»in,  by  floating  bodies  swept 
along  by  freshets,  a  rough  pavement  of  stones,  about  16  to  18  inches  d'tep,  as 
shown  in  Fig  7,  should  be  added  for  a  width  of  about  10  to  20  feet;  or  nntii  iu 
too  becomes  8  to  5  feet  below  the  crest  e  of  the  dam,  according  to  circumaianceft 


ROCK 


In  Fig  1,  (a  dam  on  the  Schuylkill  navigation,)  the  upper  timbers,  e,  are  all 
fllose  Jointed,  and  laid  touching,  so  as  not  to  require  plancing  in  addition. 

But  if  the  bottom  of  the  stream  is  gravel  or  earth,  there  must  in  addition  to 
these  be  used  two  thicknesses  of  sheet  piles,  p.  Fig  2,  Ac,  close  driven,  brealdng 
Joint,  to  a  depth  of  several  feet,  to  prevent  leaking  through  the  soil  beneath 
the  base  of  the  dam.  Frequently  but  one  thickness  is  used.  If  the  bottom  te 
soft  or  open  for  a  depth  of  only  a  few  feet,  it  is  at  times  better  to  remove  3t,  and 
base  the  dam  on  the  firmer  stratum  below  ;  still,  however,  using  the  sheet  pik*. 
Old  decayed  timber  and  other  rubbish  should  be  removed  from  the  base.  In 
very  bad  soils  of  greater  depth,  it  may  be  necessary  to  support  the  dam  entlif  ly 
upon  a  platform  resting  on  bearing  piles.  Here  great  precautions  are  neoes- 
sarv  against  leaks;  but  the  case  occurs  so  rarely,  that  we  shall  not  stop  to  con- 
sider it. 

Ah  to  the  wearing  away  of  the  bottom  of  the  stream  by  the  water  fkllinK  oTer 
the  front  of  the  dam,  precautious  should  be  used  in  all  oases  except  that  of  vtfry 


fiard  rocK,  or  of  medium  rock  protected  by  a  considerable  depth  ot  water.  The 
dam.  Fig  1,  was  built  upon  a  tolerably  firm  micaoeona  gneiss  in  nearly  vert  leal 
strata,  oofeiedbySaboot^liMt  of  water  In  nidinary  stages.  InWjeanUM  rock  war 
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««ns«Bylaftf«fiit«rth«dui,MikoirnlBthttis,u  tte  af«n0td«flk«r  SfHtiorTwyaMrtjl 
laeUpvyMU-.  The  dspck  «r  waMr  oo  ib«  ara«  c,  wm  umUj  fr*B  6  to  1»  lu  |  ni«(7  6  w  «  ft  ter* 
iBCrrcskeu:  ud  b«l  •  liv  (la«  dnriBg  th»  wk«le  pwtod, «  Mr  I  ft. 

At  JTo  ■■««*■  dam.  on  CTape  Fear  Bl  ver ;  height  of  dam,  16  ft ;  front  rert : 

UL.  «s«ftllj  10  fi.  Into  6  ft  depth  of  w»i«r ;  th«  boTi  ■b»l«  rocJt.  in  vert  etrau.  wm,  tu  the  ooune  or 
ft  few  j«an,  worn  awAj  16  ft ;  mod  the  dun  wae  audermla«d  to  such  an  extent  u  to  fall  into  the  cavitj. 
In  anotlMr  eaae,  dam  36  ft  high ;  front  vert;  the  water  fallint  upon  nearlj  rert  strata  of  hard  ebale 
kdu  oaoallv  eovered  bj  but  aSont  a  ft  of  water :  In  about  20  jeart  wore  it  to  an  irmgolar  depth  of 
torn  10  to  SO  ft;  and  extending  ftoB  the  Terr  faoe  of  the  dam.  to  ~0  or  80  ft  in  front  of  it. 

In  Fig  X,  npon  a  •tream  intdieet  to  rvrj  rlolent  freahela,  the  gravel  waa  washed  awa>  for  a  oonaid- 
trabte  width  and  depth  beyond  the  aprun.  as  ai  A.  To  prevent  a  repetition,  the  oavltj  waa  Oiled 
wtfth  erlbvork  ftill  eT  stoM,  elenr  aoroaa  the  river. 

A  depedt  of  Moeka  of  looee  ateoe,  of  er 

a  ton  weight  or  oMre.  will  not  Mrve  aa  a  pi  _ 

^j^      -  teetioa  in  tnni  «r  a  dam  exposed  to  higl 

jfig*  o.  Araeheia;  bat  will  aoon  be  swept  away,    i 

eeawMWi  preeaation  against  this  wear,  in  low 

dnma,  is  an  i^tVM,  no,  Vlg  3 ;  or  <f  tf,  l^g  8 ; 

«t  either  roagh  roand  tree  tranfcs.  or  of  hewn 

timber,  laid  oloae  togetlier ;  extending  under 

^^^^^^^^^^^^^^^  the  entire  base  of  the  dam,  and  ftom  15  to  30 

HiMi$^^*^^^^^B^Sgi8I^^BWW||B8WiiB^    f*  >»  front  of  iu  ftMe.    Theae  are  sometimee 

^^^"  ^^'  ^^-^     boHedlopleoea,ss,  Figa:  orf»,  FlgS:  laid 

_  ,f.  ^  |.  nader  them  aorosa  the  stream.     In  fig  <« 

P|  UJ  ■  ■ .         with  verj  soft  bottom.  Uiew  pleoee  yy  are 

^^        sappoeed  to  be  boited  to  short  piles  If,  drlran 


At  ttmea  a  dietlnet  wide  low  timber  erlb,  fllled  with  stone,  and  oorered  on  top  with  stout  plank 
kaa  been  plaeed  in  front  of  the  dam.  to  reoelvf  the  fkll  of  the  water:  and  in  eHlpcilre  io  protoctlug 
Ike  bottom.  Also,  in  some  eases,  a  dam  of  less  height,  and  of  cheap  character,  baa  been  built  at  a 
aliort  diatnnee  down  stream  from  the  mala  one,  in  ontor  to  leonre  at  all  times  a  deep  pool  in  fh>nt 
ar  the  latur  for  brcalting  the  foree. 

Aaether  preeaatlon   Is  to 
■nbetiiate  a  sloping  front  like 
el.  Fig  4.  or  such  as  Figs  I 
and  t  would  form  if  reversad, 
for  the  nearly  vert  one  of  the 
otiMr  flga ;  thus  to  someextant 
redncing  the  foree  of  the  wa- 
ter.   This,  however.  Is  but  a 
partial     remedy,    especially 
nr  soft  bottoms  In  shallow 
water;  fbr  the  sliding  sheet 
■till  deseends  with  great  forae. 
The  beet  form  of  dam,  per- 
bape.  in  soeb  eases,  is  that 
shown  In  Fie  5.  in  which  the 
front  oonMsts  of  a  series  of  steps  of 
about  1  vert,  to  3  or  4  hor.    These  ef. 
feetnally  break  the  force  of  the  water; 
and,  with  the  addition  of  an  apron  oo, 
secure  a  aatlsfaotnry  result.    It  is  ob- 
jected   against    this    ' 


Fig,  5. 


against  Pigs  4  and  A,  that  their  fronu 

are  liable  to  be  torn  by  descending 

lee.  and  otbrr    fiodies   swept 


aleag  dariag  fVvshets ;  bot  rrperienee  shows  that  this  ol^eetloa  has  bat  little  weight :  for  when  soeh 
bedfa*  pase.  the  Rhcet  nt  water  Is  tMoker  thaa  usnai :  and  proteots  tlie  ftnnt  Umbera.  On  the  8eh 
lar,  the  timben  el.  Fig  t,  searoely  wear  thin  at  the  rate  ef  an  inch  in  10  to  1ft  years. 


Fi^.  e. 


A:) 


iieK 

of  wooden  dams  are  many ;  (•««  the  figs,  which  ihow 

lag  with  the  flfreamataneea  of  the  ease,  and  with  the  f^ocy  of  the  daeigaer. 


varvl 
BetB« 


•  irnltad  Staiae  tney  are  asaally  ef  eribwork.  of  either  rough  round  logs  with  the  bark  on,  or  of 
'  r ;  in  tttker  oan  abaat  a  fbot  throagk.    Theae  tlmbara  are  aiarely  laid  oa  top  af  eaak 
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MhOT.  fbming  la  plaa  a  mtIm  «r  rMtui«l«a  wiik  wlOm  of  abool  T  to  11  ft  Thaj  v  dm  Mlefe^ 
tofsther,  but  tlmprj  bolted  bj  I  Inoh  •qoan  bolu  (otaa  racged  or  JMte^)  »te«^  I  to  «3<  «mc  1m«. 
Ui  rough  two  tliubsn  at  erery  InterMotfoD.  Tbeae  uv  not  fouod  to  nut  or  wear  aociovalT.eveB  vbes 
expoaed  to  a  current.  Square  bolu  bold  beii.  Bound  logs  are  flattened  where  tbey  lie  apoa  •«» 
other.  Bzperlenoe  thowe  that  flrmer  but  more  escpeiialre  oeuMOtiooa  are  entirelj  mmeoewuiy.  Tfei 
oribe  are  ueaailj,  bat  not  alw«jrt,  (Uled  with 
rough  atone.  In  triangular  dama,  dispoaed 
a*  in  Plga  1.  3,  and  7,  thia  atone  filling  ia 
not  so  essential  as  In  other  forms ;  beoaase 
the  weight  of  the  water,  and  of  the  grarel 
baoking.  tends  to  hold  the  dam  down  on  Its 
base.  BtllU  even  in  these,  when  the  lower 
timbers  are  not  bolted  to  a  rook  bouom,  or 
otherwise  aeeured  in  plaoe,  sobm  stone  may 
be  neoessary  to  prerenl  the  timben  ftotti 
floating  awaj  while  the  work  Is  unflnished, 
and  the  gravel  not  jet  deposited  behind  It. 
On  rook,  the  lowest  timbera  are  often  bolted 
to  it,  to  prevent  them  from  floating  away 
'    f  eonttrmettoH;  and  when  the  vater 

B  fset  deep,  this  requires  ooflisr-dams.    Or.  the  erlba  may  be  ImDt  at  first  only  a  frw  Ibct  high : 


platform 
i«ek 


floated  into  plaoe,  and  sunk  bv  loading  them  with  atone;  fbr  the  reeeption  of  whUtt  a  raogk 
'orm  or  flooring  will  be  reqd  in  the  oribs,  a  little  above  their  lowest  timbers.  The  bolting  to  the 
may  then  be  dispensed  vith.  The  water  may  flow  through  the  open  eribwork  as  the  bvlMlag 
.-_._. .. .  ..-  _..__^^„^ . 


higher  goes  on ;  attention  being  paid  to  adding  stone  enough  to  prtrent  It  flMtfing  away  If  a  ftvahct 
-*-     *1  happen.    Or,  oribe  shown  in  plan  at  ee.  Fig  8,  loaded  with 
lay  be  sunk,  leaving  one  or  more  Intervala.  like  that  at  o  o  o  o. 


between  them,  for  the  tnt  eeoape  of  the  wnter.    Theee  openings  to 
be  finally  closed  by  floating  into  them  oloeing-oribe  shaped  like  m. 

The  workmanship  of  a  dam  in  deep  water  can  of  oourse  be  much 
better  executed  in  ooflhr-dams,  than  by  merely  sinking  cribs.  The 
Joints  can  be  made  tighter :  the  atone  flUing  better  packed ;  the  sheet 
nlUng  more  cloeely  fitted,  Ac. 

When  a  very  uneven  rook  bottom  In  deep  water,  or  the  Introduce      fifp.  & 
lion  of  sluiees  In  the  dam,  or  any  other  oonstderations,  make  It  ex- 
pedient to  build  dama  within  ooflbr^dams,  both  should  be  carried  on 
<fi  seeCtoiu;  so  as  to  leave  part  of  the  channel-way  open  for  the  es- 

eape  of  the  water.  Commencing  at  cue  or  both  shores,  the  first  Kciioo  of  the  eoflter^dem  may  teach 
saj  quarter  way  or  more  across  the  stream.  In  the  section  of  the  dam  itself  built  aithfa  this  rnetoa- 
<Bg  coffer-dam,  ample  aluloea  should  be  left  for  the  water  to  flow  through  when  we  oeaM  to  baiM  the 
.loainn  section  of  the  eoflbr-dam.  When  the  dam  has  been  finished,  theee  alniees  may  be  etooed 
*Kf  drap-ttaaben^.  BelSnre  removing  one  section  of  eoflbr-dam.  the  ontar  end  of  the  eadosed 
eeetlon  of  dam  itself  must  be  flrmly  finished  In  sneh  a  manner  as  to  eonstltnte  a  part  of  the  iaaer 
end  of  the  next  section  of  ooflier-dam.  It  is  impoasible  to  give  details  for  every  oootlnmey ;  the  ea- 
rineer  must  rely  upon  bis  own  Ingenuity  to  meet  the  peculiarities  of  the  case  before  him.  la  eoaw 
cases  of  shsllow  water,  mere  mounds  of  earth  may  answer  for  ooflier-dams;  or  rough  stone  ■oaads. 
backed  with  earth  or  gravel. 

After  the  water  has  paaeed  beyond  the  crest,  e  In  the  figs,  there  Is  no  Moeaslty  for  prevcBtlBg  Us 
leaking  down  among  the  crib  timbers :  on  the  contrary,  the  thick  sheeting  piaaia,  (or  aqaarad  lim- 
bers, as  ooeasloB  may  require.)  el.  Fin  4  and  6.  which  form  the  slopes  along  wbleh  the  water  then 
flows  In  some  dama,  are  nsnally  not  laid  close  together,  but  with  open  JoiaU  of  about  M  Imh  wide  ba- 
tween  them,  for  th«  express  purpose  of  allowing  part  of  the  water  to  fUl  through  theas,  ea  ■•  ts 
keep  the  timbers  beneath  them  pattially  wet ;  which,  to  some  extent,  renders  them  mesa  terahla.  In 
Figs  1.  4,  «,  and  T,  the  water  of  the  lower  pool  flows  fteely  back  among  the  erib  timhcfa,  and  langh 
quarry  stonee  with  wbleh  the  cribs  are  fllled  either  partly  or  entirely.  Ia  Figs  4  and  •,  thcw  Manea 
are  not  shown.    In  the  dam,  Fig  1,  none  were  used.    In  Fig  S.  tbey  were  as  shown. 

A  substantial,  and  not  vary  expensive  dam  of  the  form  of  Fig  7.  mri  be  built  of  reagh  etone  In 
cement.  Some  hewn  timbcre  should  be  firmly  built  horisontsllj  Into  le  masonir  of  the  aleplng 
baek  cnw.  at  a  flew  foot  apart,  with  their  tops  level  with  the  surf  of  the  mMoBry.  To  thcae  vaatbe 
veil  spiked  oloea-Jointcd  sbeetlng-plaak  enw.  for  proteeUng  the  maaoniy  ftoai  riM  aetlen  of  the 
voter,  and  of  floating  bodtea.  The  gravel  baeklng  ft,  may  be  omitted ;  bnt  the  aheei  piles  ^  and  an 
ipron  in  front  of  the  dam,  will  be  as  indispensable  in  yielding  soils,  as  if  the  dam  were  of  timber. 

Pigs  1.  2,  4.  6.  and  7,  are  seottons  drawn  to  a  aeale,  of  existing  dams  In  Pennsylvania,  that  have 
stood  suoeessfully  the  force  of  heavy  ftvahets  for  a  loag  series  of  yeais.t  Theee  freeheu  at  Hmos  earn 
along  large  bodies  of  lee.  trees,  botues,  bridges.  Ac ;  and  have  risen  to  II  ft  above  the  oreats.    Pig  1. 


on  the  Bell  Nav.  was  built  in  1810,  and  served  perlbetly  for  89  rears,  until  in  1868  the  decay  of  ma 
of  its  timber,  especially  of  the  cloee-lald  top  ones,  s,  rendered  It  necessary  to  build  a  new  one  jnst  la 
fhint  of  it.  It  was  of  extremely  Mmple  oonstrvetlon  ;  and  was  never  filled  with  «tone.  The bottctt  Clm- 
bers.  0  o,  10  ft  apart,  were  bolted  to  the  reck  :  and  immediately  over  ea«h  of  tbem,  was  such  n  series  of 
Inoilned  timbers  as  is  shown  in  ibe  fig.  The  top  ones.  s.  hewerrr,  were  close  Jointed,  and  laid  toaebln^ 
eo  as  to  farm  the  top  sheeting,  instead  of  thinner  planks.  The  short  pieoes  at  I  were  laid  In  the  sems 
way.  No  eoflbrdam  was  used :  but  the  bottom  pieoes  were  first  bolted  to  the  rock ;  10  ft  apart ;  thea 
the  Htrtnrera  and  the  sloping  pieces  w^re  sdded.  The  close  covering  (s)  waa  carried  fbrwaid  flrom 
each  end  of  the  dam.  until  at  last  a  apaee  o'  only  about  <0  ft  was  left  In  the  oenter,  for  the  water  le 
pass.  The  elose  oovertng  for  this  space  being  then  all  cot  ready,  a  strong  foroe  of  men  waa  act  te 
work,  and  the  space  was  eovered  eo  mpld|y  that  the  river  had  not  time  to  rise  aaflMant)y  high  te 
impede  the  operation. 

•  Timbers  ready  prepared  for  elostng  an  opening  through  which  water  Is  flowing;  and  snddsnly 
dropped  into  plaoe  by  means  of  grooves  or  goldea  or  oome  kind  for  reUininc  them  In  pealtloa.  Bev- 
9rai  such  Umbers  mar  at  times  he  firmly  fhimed  together,  and  then  be  all  drimped  at  enee ;  dorfng 
the  opening  or  slniae  atone  operation ;  eraeeUUy  when  It  Is  of  small  elM.  In  eonM  onaaa,  a  erft 
may  be  sunk  on  thr  jp-strsam  side  of  such  an  opening,  for  dosing  it. 

t  Those  on  the  Mchuylklll  NavlgaUon  wers  obligingly  furnished  by  James  F.  tolth.  Baq,  ehW 
•n^neer  and  snperiniendent  of  that  work.  Other  valuable  lafomatioii  fraa  Jhp  saa*  aewee  wll 
'fonndindifforantparuef  thIsTolnme.  ^igitizedTyVjOUs^^ . 
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Pig  •  la  a  Miial  feedor  dam  on  th«  JulaU.  Bars  ■  «  are  tloibara  atreiehlBg  oiaar  aoroaa  the  atraaiDj 
jabaat  300  ft,)  and  avsulnlng  tha  apron  •  a,  of  stoat  howu  tlmbor*  laid  tooohlng.  Tiiia  dam  wa«  llUad 
viih  Monc.  for  the  retenaon  of  whleh  the  front  ahaaclng  plaaka  were  added. 

fig  0  Is  on  the  Soh  Nav ;  wai  ballt  In  18a5.  It  U  a  rurm  much  approved  of  eo  that  work,  for  loch 
eitaatlena;  namelj,  flrm  rook  foandaiion,  vith  a  oooslderabto  depth  of  water  in  front.  The  highest 
dam  i.n  ft)  on  ihe  Soh  Nav,  is  Terr  similar  to  It;  built  in  IHol.  Ali  the  dams  ou  this  work  are  of 
hewn  Umber,  ohieflj  white  and  yellow  fiua.  The  water  eooasionally  runs  tnm  0  to  IS  fbet  deep  over 
their  eresu ;  and  then  orrrflows  and  surrounds  manj  of  the  abuu.  The  rertloal  baek  aUows  the 
oTerflowIng  water  to  leak  down  among  all  the  lower  timbers  of  the  dam,  and  thus  tend  to  theif 
preeervntion. 

Fig  4  shew*  the  dams  on  the  Monongahela  daokwater  narigatlon ;  W.  IfUnor  Roberta,  eng.  Tbc5 
are  of  ronnd  logs,  with  the  bark  on :  flattened  at  erosslnga.  The  longest  ones  In  the  flg  aro  10  feel 
apart  along  the  length  of  the  dam.  Kzperienoe  shows  thai  sueh  dams  poesess  all  the  strength  neoea 
aarj  Cor  vJoient  atrooma.    On  rook,  the  lowest  timbera  ate  boiled  to  It. 

Fig  T  has  been  wieeBaaftiUy  naed  to  belghu  of  40  fU* 

Fig  3  la  Intended  marelj  aa  a  hint  for  a  reiy  lew  dam  on  yielding  bottom.  Its  main  supports  are 
pllee  H,  fh>m  4  to  8  ft  apart,  aeoording  to  the  height  of  the  dam;  and  other  oireunuunoea ;  and  tl 
an  short  pllea  Ibr  sustaining  the  apron  dd.  It  may  be  extended  to  greater  heighu  by  adding  braces 
in  front ;  whloh  may  be  oorered  by  stoat  planks,  to  form  an  iuelined  slide  for  the  OTerfiUing  w 
Many  eflbotlve  arrangemenU  of  piles,  and  sloping  timbers  for  dams  on  aoft  ground,  will  suggest  tl 
*- ■ "•- ' •-  -' '  ' — •' " "^e  driven  ti 


, ^ , togreai         _        , „ 

in  ftnot ;  whloh  may  be  oorered  by  stout  planks,  to  form  an  iuelined  slide  for  the  orerfiUing  water. 
Many  eflbotire  arrangemenU  of  piles,  and  sloping  timbers  for  dams  on  aoft  ground,  will  suggest  tbem< 
setres  to  the  engineer.  Thus,  at  Interrals  of  sererml  feet,  rows  of  S  or  mora  piles  may  be  driven  trans* 

"      " '  "  '  ^  at  the  intended  height  of  the  erest, 

>  that  when  aU  are  afterward  oon< 


Tersely  of  the  dam ;  Ihe  top  of  the  onter  pile  of  eaoh  row  being  left  at  the  intended  height  of  the  erest, 
while  thoee  behind  aro  snoeessirely  drlren  lower  and  lower;  so  tha'     -         ■- 
neeied  1^  transTerse  and  hmgltadiaal  timbers,  and  oorered  by  stout  piaoKins,  ■no  gnirei,  vaej  win  i 
form  a  dam  eeoMwhnt  of  the  triangular  form  of  Fig  7.    It  would  be  well  to  drire  the  pllea  with  an  \ 
InellnaUon  of  their  tope  up  stream. 

Then  Is  nuMih  seope  fbr  Ingenuity  both  In  designing,  and  In  eonstmotlng  dams  under  Tarlons  fir- 
eqmstnnoee ;  and  in  turning  tbe  ooorse  of  the  water  ftxua  one  ohannei  to  another,  by  means  of  ditches, 
pipes,  or  tronghs,  Ae.,  at  diff  heighu;  aided  at  times  by  low  temporary  dams  or  mounds  of  earth ;  or 
•f  sheet  piles,  4o ;  or  by  eoObr-dams ;  so  aa  to  ksep  It  away  fh>m  the  part  being  built.  Eaoh  looality 
wlU  hare  lu  peenllar  bntnree ;  and  the  engineer  most  depend  on  his  Judgment  to  make  the  most  of 
them. 

Abatmento  of  dams  m  a  general  rale  should  not  contract  the  natural 
width  of  the  stream :  or.  If  they  mast  do  so.  as  little  as  poesIUe ;  for  oontraetlons  Inoroase  the  helc bt, 
and  rlolenoe  of  the  orerflowing  water  in  time  of  fresheu ;  during  whloh  a  groat  leagth  of  orerfail  is 
eapcolally  deairahle.  They  should  be  rery  flrmlj  oonneoted  with  the  ends  of  the  dams;  aad  should. 
If  the  section  of  the  ralley  admlu  of  it.  be  so  high,  and  oarried  so  fhr  inland,  that  the  high  water 
of  freeheu  will  not  sweep  either  orer  them,  or  aronnd  their  extramltiee ;  and  thus  endanger  under- 
nlnlng.  aad  dastmetlen.  In  wide,  flat  ralloys  they  cannot  be  so  extended  without  too  mueb  ex- 
and  the  only  alternative  is  te  found  ibem  so  deeply  and  aecuroly  as  te  withstand  sueh 
.  making  their  height  such  that  they  wiU.  at  least,  be  overflowed  but  seldom.  Their  ends 
adiaeent  to  the  dam,  should  be  roended  olT,  so  as  to  faoIUtate  the  flow  of  the  water  over  the  orest. 

They  aro  best  bnik  of  large  stone  In  oement;  for  altboogh  suflloient  strongth  may  be  seoured  by 
timber,  that  material  deoays  npldly  in  sueh  exposuree.  IT  of  earth  only,  they  nn  rery  apt  to  be 
eanlHlawnyirnnmehetalwnldomtoptham. 

SlaleMi  sbovld  be 

aU  tbe  water  may  be  drawn  off, 

nr  indlag  leet  aniolee  of  Importanoe, 

top  of  Kfuand  limbefs ;  and  passing  I „ __ 

Teat  treee,  fee,  ftom  entering  and  stlokingftwt  InThem.  eome  kind  of'strongsoreen  is  oxpedleiiL 
eonanon  eaaae  a  slutee  shoiad  net  easoesd  about  S^i  ft  by  5  ft  in  oroes-seetfon ;  otherwise  It  beoa 


Two  or  moro  sueh  openings  may  be  need  when  moob  water  Is  to  be  rolded.    They 

r  the  ahatmente.    The  gatee  or  Talvea  for  opening  and  shuuing  them,  should  be  at  th« 

npHTtream  end ;  br  if  at  the  lower  one.  aooomnlations  of  mod,  to,  will  fill  the  sluioes,  and  prorenl 


then  from  working.  Th«y  aro  nsnally  of  timber;  and  slide  vertloally  in  rebates:  being  raised  and 
lewared  by  raok  and  pinion ;  but  In  rery  Important  dams  they  may  be  of  oast  iron.  Two  leu  of  sluloet 
are  desirable ;  that  one  may  be  always  ready  for  uie  if  the  other  is  stopped  for  repairs. 

The  part  of  the  apron  In  fh»t  of  the  sioioe  shonld  be  partioularly  flrm,  so  as  not  to  be  deranged  b3 
the  wntor  mshing  out  under  a  high  bead. 

In  dania  of  maBonry  and  of  concrete,  if  the  Bhores  are  of  rock,  the  plan  is 
frequetitlj  glren  the  form  of  a  flat  areb,  convex  up-stream.  B7  tlius  utilizing 
the  banks  as  abtitmenis  for  the  (horisontal)  arch,  material  reduction  of  tlitr 
Tolume  of  material  in  the  dam  may  properly  he  elfected ;  but,  unless  the  banks 
are  of  rook,  they  afford  but  imperfect  abutmenta  for  the  ardh ;  and  they  are 
exposed  to  wear  by  the  current  thrown  againat  them  at  its  ends. 

A  dam,  built  obliquely  aoroaa  a  stream,  will  have  less  depths  of 
water  upon  its  crest  than  one  built  normally  to  the  current,  and  will  therefore 
flood  adjacent  ootintry  to  a  less  extent.  Other  things  equal,  the  less  the  slope  of 
the  stream,  the  further  will  the  flood  heights  extend  up  stream. 

•  Ooat  of  erib  dams.  With  common  labor  at  $1.00  per  day ;  lumber,  920 
per  1000  ft.  board  measure,  deliTered ;  stone  for  filling,  91  per  cub.  yard ;  gravel  60 
eeots  per  cab.  yd^;  iron  for  bolts,  etc,  2  cts.  per  ]b.,-^uch  dams  in  shallow  water 
aaaaUy  coat,  eomiuete^  S2.48  to  fS.24  per  cubic  yard  of  erib. 
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Figs.  9  and  10  are  designs  for  small  measniinfT  weirfl^  saitable  for 
shallow  streams  up  to  say  100  feet  wide ;  Figs.  9  for  earth  or  grarel  boUom,  and 
Figs.  10  for  rock. 

In  the  former,  the  8  X  10  inch  hemlock  sills  8^  and  S,  are  first  laid  across  the 
bottom  of  the  stream,  which  is  trenched  where  necessary ;  care  being  taken  to 
lay  Sx  in  a  true  line.  The  sills  should  extend  say  from  5  to  10  feet  into  <  * 
bank  of  the  stream.    Tongued  and  grooved  sheet  piling  P,  of  Ji  X 10  inch  1 


(Ay,  Beetian. 

ftinelUt  Of* 

U>hii I 1  r 


Itps.  9.— Ifeasurfncr  Weir  on  Earth  or  Gravel  BotUmt. 

lock,  is  then  driven  close  behind  the  upper  sill  Sj  to  a  depth  of  fh>m  two  to  fi>ar 
feet,  and  spiked  to  Sj.  A  third  sill,  S„  of  the  same  length  as  Si  and  S„  is  then 
laid  behind  the  sheet  piling;  and  the  two  sills  S,  and  S,  and  the  sheet  piling  P 
are  then  secured  together,  as  shown,  by  1  inch  bolte,  spaced  about  2  feet  apart 
The  tops  of  the  sheet  piling  project  about  a  foot  above  the  sills,  and  are  stilitoed 
by  4  X  4  inch  timbers  ir,  bolted  in  front  of  them  and  resting  upon  the  flooring 
/of  2  X  10  inch  spruce.  This  flooring,  like  the  sills,  extends  sereral  feet  beyond 
each  end  of  the  weir  into  the  bank,  and  is  there  loaded  to  its  full  capacity  with 
heavy  stones.  Any  spaces  left  underneath  it  by  unevenness  of  the  bottom  should 
also  be  leveled  up  with  stones  or  gravel. 

A  10  X  10  inch  vellow  pine  post  M.  3  feet  high,  is  tenoned  between  sills  S,  and 
8 .  at  each  end  of  the  overflow,  and  braced  by  an  g  x  10  Inch  yellow  pine  strut 
N,  tenoned  to  it  and  to  the  sill  S,.  Beyond  these  posts  the  sheet  piling  P  extends 
as  high  as  the  top  of  the  posts,  and  is  carried,  at  that  height  into  the  bank ;  the 
tops  of  the  piles  beins  held  in  line  by  two  2X8  inch  waling  pieces  u  u  bolted  to 
them,  one  on  each  side. 

In  Figs.  10,  the  hemlock  sills,  8,  of  10  x  10  Inch,  and  S,  of  6  X  8  inch,  rest  upon 
a  Portland  cement  masonry  wall,  of  varying  height  to  aoeommodate  tbe  in- 
equalities of  the  rock  bottom ;  and  are  secured  to  it  by  1  inch  l>o1ts  spaced  aboot 
4  feet  apart.  These  bolts  pass  down  through  the  masonry,  as  shown,  and  a  fool 
or  more  into  the  rock  below. 

l^tween  the  two  sills  are  bolted  upright  9  X  10  inch  tongued  and  grooved  hem- 
lock planks  P,  lo  inches  long.  At  each  end  of  the  weir,  a  10  X 10  ineh  yellow  pine 
poet  M  is  tenoned  between  the  sills,  as  in  Figs.  9,  and  built  into  the  maaoary 
ends  of  the  dam,  which  last  extend  well  into  the  banks  of  the  strean. 

In  both  Figs,  the  crest-piece  a,  is  of  2  X  8  inch  oak,  beveled  so  as  to  !«•▼•  a 
horizontal  top  face  U  inch  wide.  The  crest-piece  is  let  in  flush  with  the  back  of 
the  piles  or  boards  P,  to  which  it  is  bolted,  and  is  let  into  the  end  posts  M  about 
2  or  3  inches.  At  low  stages  of  water,  the  flow  may  be  confined  to  a  portt^m  of 
the  length  of  the  overfall  by  flash-boards  placed  along  the  rest  of  the  dam. 
A  crest-piece  made  of  8  X  )4  inch  bar  iron  is  preferable  to  one  of  wood.  Tt  re- 
ires  of  course  much  less  cutting  away  of  the  sneet-piling,  and  Its  upper  edge  Is 
B  subject  to  abrasion  bv  drift  passing  over  the  weir.  The  t<n>  edge,  and  the  abui> 


quires  of  course  much  less  cutting  away  of  the  sneet-piling,  and  Its  upper  edge  Is 
lem  subject  to  abrasion  bv  drift  passing  over  the  weir.  The  top  edge,  and  the  abui> 
ting  ends  of  the  several  lengths,  should  be  planed  smooth  and  square ;  Um  foraaet 


Digitized  by\jOOglC 


DAMS. 


647 


l»  iamn*  a  tharp  inntr  eomer  at  a  for  the  water  to  paas  ov«r,  aod  the  latter  in 
OTder  to  aroid  leakage^  As  a  further  precaution  against  leakage,  a  strip  or  butt- 
■Irap  of  8  X  ^  inch  iron,  about  a  foot  long,  may  be  let  in,  between  the  cr^tt-piee^ 
and  the  akeat  piana,  opposite  each  Joint  of  the  former,  and  overlapping  both  the 
ad(5oiaing  ends,  the  piling  being  cut  away  U  inch  deeper  at  those  poinu,  in  order 
to  aceommodate  them,  buch  butt-straps,  if  placed  ou  the  M/^tream  side  of  the 
crest-piece,  would  break  the  continuity  of  tne  sheet  of  water  passing  over  the 
weir,  and  thus  interfere  somewhat  with  the  oorrectuess  of  the  gauging.  Such 
■"'"■'  *        16foet. 


iron  is  obtainable  in  any  commercial  center,  in  lengths  of  about 
weigha  6^  pounds  per  running  foot;  &Xym^  pounds. 


«XK 


All  the  Joints  should  be  caulked  with  oakum.  To  apply  the  usual  weir  formula 
(see  Axu  14/,  pb  MB)  the  back  of  the  weir  should  be  vertical  for  a  depth  p  below 


_AM 


h 

FV(7«.  IC^Meaaurlng  WHr  ou  Boeh  Bottom^ 


the  crest  a  equal  at  least  to  twice  the  head  H  on  the  weir.  It  is  therefore  better 
u>  protect  the  back  of  the  weir  by  tarpaulin  rather  than  resort  to  puddling,  ex- 
cept close  to  the  bottom. 

In  a  long  weir  with  a  low  fall,  it  is  difficult  to  secure  a  sufficiently  free  access 
of  air  to  the  space  behind  the  falling  sheet  of  water,  especially  when  the  stream 
is  low  and  the  sheet  tends  to  hug  the  face  of  the  dam.  In  such  cases  a  iiartial 
vacuum  *  forms  between  the  falling  sheet  and  the  face  of  the  dam.  and  increases 
the  discharge,  thus  vitiating  the  results,    it  is  therefore  important,  in  designing 


measuring  weirs,  to  arrange  (as  far  as  possible)  so  that  the  sheet  of  water  may 
fall  clear  through  the  entire  disUnce  between  the  up-stream  and  down-stream 
levels  without  striking  any  portion  of  the  weir  itself,  for  such  striking  would 


diminish  the  clear  space  benind  the  sheet  and  increase  the  difficulty  of  pre- 
venting a  Tacuum  ^ere. 


*  Bach  a  Tacnum  causes  the  down-stream  water  near  «p,  Figs.  9,  to  rise  behind  the 
sheet.  When  the  rarefaction  of  the  air  l^ehlnd  the  sheet  has  proceeded  to  a  certain 
extent,  the  external  air  breaks  in  and  relieves  the  vacuum.  Then  another  vacuum 
forms,  and  is  in  turn  relieved,  and  so  on,  alternately.  At  such  times  it  has  been 
noticed  that  Hsht  bodies,  such  as  chips,  etc.,  floating  in  the  down-stream  water  near 
the  ends  of  th«>  weir,  are  drawn  into  the  space  behind  the  sheet  and  carried  toward 
the  middle  of  its  lengrth,  and  then  In  turn  ^ect«d  at  the  point  where  they  entered, 
thus  trsTeling  back  and  forth  along  the  space  behind  the  sheet 
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TrcmbllnM  In  Dsmii.  Dams  over  which  the  water  fiilb  Id  a 
fliuiMjth,  unbroken  sheet  of  considerable  height,  are  more  or  less  subje 
in'Kiblings,  caused  apparently  by  alternate  compression  and  rarefaction  o 
air  hy  the  falling  sheet,  especially  in  the  space  (W,  Fiff.  20.  p.  947)  behiu 
!ihc4H,  where  a  partial  vacuum  is  often  formed,  because  the  air  there  isentai 
ill  I  he  falling  water  and  given  off  again  by  it  down  stream  in  the  shape  of  1 

Siich  treniblings  sometimes  cause  a  rattling  of  windows  hah  a  mile  or 
n uruy.  We  have  known  this  to  be  stopped  (in  one  case  unintentionally)  by  I 
inic  a  well-coyered  wide  crib  apron,  a  lew  feet  high,  against  the  front  of  the 
for  preventing  the  abrasion  of  the  bottom.  In  other  cases  a  series  of  ob 
tinikKeni  placed  against  the  front  of  the  dam,  and  part  way  up  it,  at  a  slo| 
aliont  1%  to  1,  and  covered  with  plank,  has  been  perfectly  efTective  in  stof 
it  In  9hort,  any  device  which  admits  air  more  freely  behind  the  falling  s 
or  i.1t vstroys  the  continuity  of  the  latter  (such  as  flash  boards  of  different  ne 
rrr  plac^etl  at  intervals  along  the  crest),  or  which  reduces  its  height  and  its 
tLnui>ii>i  length,  ought  to  diminish  or  obviate  the  trouble. 

Thi;  proper  time  for  bnlldlni^  dams  is  of  course  at  the  loi 
period  of  low  stage  of  water. 


rablc  of  tblckneflsof  white  pine  plank  reqnlred  not  to  b 
iii^re  tb»n  ^  part  of  lt«  elear  horlmontal  streCeb,  nn 
a  Afferent  beads  of  water*    (Original.) 


Stretch 
InFU 


ft 
10 
IS 
Ift 

20 


tnfeet. 

»      I      10 


Thickness  in  Inches. 

a 

t 

6 

8 
10 

90 


Digitized  by  CjOOQIC 


ITATEB  SVPPI.T.  649 

WATER  SUPPLY. 


■ption  or  water.  Owing  largely  to  the  proper  extension  of  the 
nse  of  water  in  dwellings,  the  quantitj  reqalred  in  cities  increases  (iuter 
than  the  population.    In  other  words,  the  per  capita  consumption  increases. 

Use.  Abundant  experience  shows  that  a  supply  of  60  Ksllons  for  saj  7  oubio 
feet)  per  capiu  per  daj  is  abundant  for  all  the  needs  and  luxuries  oi  well-to-do 
families  in  American  cities.  The  manufacturing  consumption,  of  course,  bears 
no  fixed  relation  to  the  popuUtioo.  In  cities  it  is  generally  much  lees  than 
the  domestic  consumption. 

Waste.  In  American  cities,  the  waste  often  amounts  to  two  or  three  times 
the  quantity  really  used.  Of  the  116  gallons  per  capita  per  day,  delivered  in 
New  York  In  1899,  Mr.  Freeman  *  estimates  that  from  81  to  fi6  gallons  were  used, 
10  unaroidably  wasted,  and  from  60  to  75  an>idsb]y  wasted. 

In  Philadelphia,  Investigations  by  means  of  the  Deacon  waste-water  detector, 
on  142  modern  seven-room,  two-story  dwellings,  with  bath,  eto.,  on  two  intoi^ 
mediate  streets,  showed  that,  of  222  gallons  per  capita  per  dav,  furnished  through 
782  fixtures,  192  gallons,  or  86.5  per  cent,  were  wasted,  and  only  80  gallons,  or 
1&5  per  cent  were  used.  The  City  has  built  extensive  works  for  the  purpose  of 
pumpiug,  filtering,  oouTeying,  repumping,  storiUg,  and  distributing  the  wator 
wasted,  as  well  as  the  smaller  quantity  used.  Of  the  total  oost,t  less  than  half 
would  bAve  suiBoed  for  the  wator  used  and  unaTOidably  wasted. 

Soarccs  of  waate.  The  wasto  ia  caused  by  heedlessness ;  by  alk>wing 
water  to  run  to  wasto  in  order  to  prevent  it  from  freezing  in  winter  and  In  order 
to  get  cooler  water  in  summer;  by  le^kj  And  otherwise  defective  fixtores;  by 
unsuspected  leaks  in  mains  and  service  pipes,  etc. 

As  a  "guess,  tempered  by  Judement,'*  Mr.  Freeman*  classifies  the  60  to  75 
gallons  per  capita  per  day,  wasted  in  New  York,  as  follows: 

Leaks  in  mains 10  to  15  gals  per  capita  per  day. 

••       service  piiKS 10  to  15    "  "  " 

"       defective  plumbing 16  to  26    "  "  " 

Careless  and  wilful  waste Utol7    "  "  " 

The  avoidable  wasto  Is  usually  periietrated  by  a  small  fraction  (say  from  one- 
fifth  to  one-third)  of  the  population,  the  remainder  using  water  reasonably.  In 
the  Philadelphia  case,  anove  cited,  of  the  782  fixtures,  22  were  fouud  to  be 
•*  leaking  slightly,'*  and  82  "  turned  on  continually." 

Wsuste  restriction.  Water  meters.  Waste  is  best  restricted  by 
making  its  avoidance  a  pecuniary  object  to  the  consumer;  and  this  is  best 
accomplished  by  the  use  of  the  water  meter,  at  least  on  all  services  (domestic, 
industrial,  and  public)  where  waste  Is  fouud  to  be  going  on.  The  meters  should 
be  owned  and  mainUined  by  the  corporation  supplying  the  water. 

Minimam  chari^.  In  order  to  encourage  the  liberal  use  of  water,  while 
diacou^^^ng  lis  vxuOt,  and  thus  avoid  undue  econoniv  (tending  to  unclean llness) 
each  consumer  should  be  charged  a  minimum  periodical  rate,  sufficient  to  cover 
amply  all  the  water  he  can  possibly  use  and  enjoy. 

Mr.  Freeman*  estimates  the  average  cost  of  domestic  meters,  for  New  York 
and  Brooklvn,  mostlv  5-8  inch  and  8-4  inch,  with  a  few  of  larger  sixes,  at  $12.50 
each,  and  the  cost  or  installation  by  the  city,  working  systeninticfilly  and  on  a 
large  scale,  at  12.60  each,  or  a  toUl  of  815.00  eflch.  He  assumes  "the  average 
life  of  the  ordinary  domestic  meter,  of  a  good  type,  well  cared  for,  and  with 
occasional  repairs  and  renewal  of  worn  parts,"  at  "  not  far  from  20  years";  and 
annual  expenses  as  follows : 

Providence,  R.  I.       New  York, 
Actual,  approx.         Assumed, 

Interest  on  cost  of  meter  and  setting $0.5()  10.45 

Depreciation  and  renewal  of  meter  (life  assumed 

20  years) 0.75  0.75 

Maintonance  and  repairs,  testing  and  resetting  .....       0.46  0.70 

Beading  meters  and  computing  Dills 042  0.60 

Totol  annual  cost,  per  meter 82.18  82.50 

*  Report  upon  New  York's  Water  Supply,  made  to  Bird  a  Coler,  Comptroller^ 
by  John  R.  Freeman,  Civil  Engineer,  190O. 
t  The  totol  own  approximates  $30,000,000.  Digitized  by  L^OOg  l€ 
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650  WATER  SUPPLY. 

Fr«e  water  for  Are  proteeUon.    Cities  sometimes  «!▼•  to  mannftte* 

turers  a  free  supply  of  wftt«r  throagta  speoial  conneetions,  to  M  used  for  fire 
protectioD  011I7;  the  raaimfiicturer  nviiig  bond  not  to  use  such  oonitection  for 
any  other  pur|>o5ie,  and  the  city  placing  a  meter  on  the  connection  for  the  detec- 
tion of  any  illicit  use  of  the  water  for  other  purposes. 

Water  n»r  elty  nse  shoiild  not  be  drawn  fVom  tbe  vevy  %•«• 
tomi  of  the  reservoir,  beeanse  it  will  then  be  apt  to  carry  along  the  sedi- 
ment ;  which  not  only  injures  tbe  water,  but  creates  deposits  within  the  pipes; 
thus  obstructing  the  flow.  In  fixing  apon  the  necessary  capacity  of  a  reserroir, 
this  roust  be  ulcen  into  consldemtlon ;  inastnnch  as  all  ttie  water  below  the  lerel 
for  drawing  off,  must  be  regarded  as  lost«  When  dreumsUBces  Justify  the  ex- 
pense, it  is  well  to  cnrre  up  the  reservoir  end  of  tbe  setrice  main,  so  as  to  pro- 
ride  it  with  Tidves  at  diflbrent  heights:  for  drawing  off  only  the  purest  stratam 
that  may  be  in  the  rsservoir.    With  tnis  view,  the  valTe-tower  gen- 

erally has  such  Talres  communicating  with  the  water  in  the  reserroir;  and  by 
this  means  only  the  purest  is  admitted  into  the  tower:  and  from  ii^  into  tbe 
city  pipes.  This  refinement,  however,  is  rarely  practicable.  Soch  valres  mnal 
of  course  be  worked  by  watchmen. 

Art.  1.  Ileeer  votr».  In  imnortant  reservoirs  of  earth,  for  storing  water 
.    .    ..    -      ...  irienoeai " 


to  moderate  depths  for  cities,  experience  appears  not  to  sanction  dimemsl 
bolder  than  10  leet  thick  at  top ;  inner  slope  2  to  1 ;  onter  slope  1^  to  1.*  A 
width  of  15  feet  to  20  feet,  ana  inside  slopes  of  8  to  1,  are  adopted  in  some  Inf' 
portant  cases ;  with  outer  slopes  of  2  to  1.  Both  alopes,  however,  are  at  timea 
made  only  1^  to  1.  Tbe  level  water  sarfbce  should  be  kept  at  least  8  or  4  feet 
below  the  top  of  the  embankment ;  or  more,  if  liable  to  WATes.  In  a  large 
reservoir,  a  quite  moderate  breeae  will  raise  waves  that  will  run  8  feet  (meaaiirM 
vertically)  up  the  inner  slope.  A  low  wall,  or  elose  fenoe,  w.  Fig.  87,  is  some* 
Umeo  used  as  a  defence  against  them.  The  top  and  tbe  outer  slopes  should  be 
protected  at  least  by  sod  or  by  grass.  To  assist  in  keeping  the  top  drj.  It 
should  be  either  a  little  rouDdlnir  or  else  sloped  toward  the  oatakle.t  The  aoft 
soil  and  vegetable  matter  slunild  be  carefully  removed  firom  under  tbe  eatira 
base  of  the  embankments ;  which  should  be  carried  down  to  soil  itself  imper> 
vloos  to  water,  In  order  that  leakage  may  not  take  place  timdtr  them.  To  aid  la 
this,  a  double  row  of  sheet  piles,  or  a  sunk  wall  of  cement  masonry,  carried  te 
a  suitable  depth  below  the  bottom,  may  be  placed  along  the  inner  toe  in  bad 
cases.  If  there  are  springs  beneath  the  base,  they  must  either  t>e  stopped.  «Hr 
led  away  by  pipes.  The  embankment  should  be  carried  up  in  layers,  sughtly 
hollowing  toward  the  center,  and  not  exceeding  a  foot  In  thickness;  aiM  all 
stones,  stomps,  and  other  foreign  material,  such  as  dean  gravel,  sandl  and  de- 
compMcd  mica  schista,  Ao,  that  may  produce  leakage,  carefuUy  exdudecL  Tliesa 
layers  should  be  well  consolidated  by  the  carts;  and  the  easier  the  slopes  are^ 
the  more  effectively  can  this  be  done.  The  layers,  however,  should  not  be  dis- 
tinct, and  separated  by  actual  plane  surfaces:  but  each  succeeding  one  shoidd 
be  well  incorporated  with  the  one  below.  This  has  sometimes  been  done  by 
driving  a  drove  of  oxen,  or  even  sheep,  repeatedly  over  each  layer:  In  addition 
to  the  carting.  Boilers  are  not  to  be  recommended,  as  they  tena  to  produce 
seams  between  the  layers.  This  might  possibly  be  obviated  by  proJeeUona  oa 
the  dreuraference  of  tiie  roller. 

Gravelly  earth  Is  an  excellent  material,  perhaps  the  best  The  eboloest 
material  shonld  be  placed  in  the  slope  next  to  the  water;  and  should  be  do- 
poeited  and  compacted  with  special  care  In  that  portion,  so  as  to  prevent  the 
water  from  leaking  Into  the  main  body  of  tbe  dam,  and  thus  wei^ening  it.  It 
is  not  amiss  to  Introduce  a  bench,  b.  Fig  87.  In  the  outer  slope,  to  diminish 
danger  from  ralnwash  by  breaking  the  raplaitv  of  its  descent. 

If  the  bottom  of  the  reservoir  itself  is  on  a  leaky  soil,  or  on  fissured  rocl^ 
through  the  seams  of  which  water  may  escape,  it  must  be  carefully  covered 
with  from  II4  to  3  feet  of  good  puddle ;  which,  in  turn,  should  be  protected  from 
abrasion  and  disturbance,  by  a  layer  of  gravel ;  or  of  concrete,  either  paved  or 
not,  according  to  circumstances. 

*  The  writer  suggests  that  a  top  width  equal  to  2  feet  +  twice  tbe  square  root 
of  tbe  height  In  feet,  will  be  safe  for  any  height  whatever  of  nsarroir  properiy 
constructed  In  other  respects. 

-i  Some  engineers  slope  the  top  toward  tbe  kuUt. 
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BBSERVOIBS.  IK>1 

BeMiToIrs  ooMtructod  wltb  the  foregolog  4tiii«i»t<mi^  and  with  care,  hum 
mnafD  safe  for  an  indeflolte  period;  but  where  MrloiiB  dwmage  would  reeult 
trom  failure,  the  following  Mdlttonal  preeftiittoiis  should  be  Ukeo. 
The  Inner  Biopes  shoatd  M  earefnllf  faeed  up  to  the  rery  top,  with  at  least  a 
close  dry  rubbi»«tone  pitching,  not  less  than  16  to  18  inches  thick :  as  a  proteo- 
tkHi  against  wash,  and  against  muskrats.  These  animals,  we  belieTe,  always 
oommence  to  borrow  under  water.  If  the  slopes  are  mueb  steeper  than  2  to  t, 
this  dry  pitching  will  be  ant  to  be  overthrown  by  the  sliding  down  of  the  soft- 
ened earth  behind  it,  if  the  water  in  the  reserroir  should  for  anr  cause  be 
dmwn  down  rather  middenly.  It  will  be  much  more  eflbctiTe^  but  of  course 
more  eoetly,  If  laid  In  hydraulic  cement ;  and  still  more  so  if  laid  upon  a  layer 
a  fBw  inches  thick  of  cement-and-Krarf  1  concrete ;  especially  if  this  last  be 
underlaid  by  a  layer  about  11^  to  8  feet  thick  of  good  puddle,  spread  over  the 
fkce  of  the  slope ;  the  great  omect  being  to  protect  the  Inner  slope  Arom  actual 
contact  with  the  water.  If  this  can  be  efllsctually  aooompiished,  slopes  as  steep 
as  1 V^  to  1  will  be  perfectly  secure ;  for  the  danger  does  not  arise  fh>m  any  want 
of  weight  of  the  earth  for  resisting  oterthrow.  Special  care  slionid  be 
bcatowed  npoB  tbe  Inner  toe  of  tbe  slope,  to  prerent  water  fh>m 
finding  ita  way  oenesth  it,  and  softening  the  earth  so  as  to  undermine  the  stone 
pitching.  Near  the  top.  reference  should  be  had  to  danger  of  derangement  by 
k».  tnmtt  rain,  and  waves.  Flat  inner  slopes  tend  not  only  to  prevent  the  dis- 
placement of  the  pitching;  but  increase  toe  stability  of  the  embankment,  by 
caiiaing  the  pressure  of  the  water  (which  is  always  at  risht  angles  to  the  slope) 
to  become  more  nearly  vertical ;  and  thus  to  hold  the  embankment  more  firmly 
to  its  base  than  if  there  were  no  water  behind  it.  Sometimes  the  toes  of  both 
the  inner  and  outer  slopes  abut  against  low  retalning-walls  in  cement.  This 
gives  a  leat  finish,  and  tends  to  preservation  fh>m  injnrv. 

Many  engineers,  in  order  to  prevent  leaking,  either  tnrongh  or  beneath  the 
ambanament,  construct  a  pnddle-wall,  />,  Jrig.  87,  of  well-ranimed  imper- 
vious soil,  ^gravelly  clay  is  thi* 
best,)  reaching  from  the  top 
to  several  feet  below  the  base. 
This  wall  should  not  be  less 
than  8  or  8  feet  thick  on  top, 
for  a  deep  reservoir;  and 
should  increase  downward  by 
ojir»et»  (and  not  by  slopes,  or 
Fig.  87.  batters)  at  the  rate  of  about 

1  in  total  thickness,  to  8  or  4 
In  depth.  Other  engineers  olijeot  to  these  puddle-walls ;  and  contend  that  leak- 
age should  be  prevented  by  making  both  the  inner  slopes,  and  the  bottom  of  the 
reservoir,  water-tight,  by  means  of  paddle,  concrete,  and  stone  fkcing  in  cement, 
as  Just  alluded  to.    They  argue  that  if  the  embankment  is  well  constructed,  it 
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Itself  a  puddle-wall  throughout. 
" San  r ' "  " 


Hear  San  Fraaelseo,  (^1,  are  two  earthen  reserwolr  dams 

Vailt  about  1864.  one  96  feet  high,  28  on  t(m,  inner  slope  2.75  to  1,  outer  2.5  to  I. 
The  other  OS  high,  25  on  top,  inner  slope  8J>  to  1,  outer  8  to  1.  In  each  the  pud- 
dle-wall Is  carried  47  feet  deeper  than  the  base.    No  stone  fkcing. 

It  la  dlfllenlt  to  prewent  water  nnder  talfph  presiinre  from 
flndinir  Ita  way  thronch  eonelderable  d  totaneen  alonir  aeams 
where  earth  is  in  onntaot  with  smooth  rock,  wood,  or  metal :  as,  for  instance, 
along  tbe  ynrfkoes  of  iron  pipee  laid  under  reservoir  embankments ;  or  along 
the  tie-rods  sometimes  used  throush  the  puddle  of  ooflTer-dams ;  and  the  sHroe 
is  apt  to  occur  nnder  the  bases  or  embankments  which  rest  on  sm'ioth  rock. 
Special  care  should  be  taken  that  the  earrh  used  in  such  positions  is  not  of  a 
porons  nature ;  and  that  it  is  thoroughly  compacted  all  along  the  tieam ;  and  the 
straight  continuity  of  the  8(*am  should  be  interrupted  or  brok'^n  as  frequently 
as  poBsibie  by  projeetinns.  Faucets  or  flanges  do  this  to  a  limited  ex  tent  in  tbe 
eaae  of  iron  pipes ;  and  something  similar,  but  on  a  larger  scale,  should  at  short 
intervale  be  constructed  In  the  shape  of  collars  or  yokes  of  cement  stonework. 
In  the  ease  of  rock  or  masonry. 

It  la  nanally  advisable  to  divide  reaerwolni  Into  two  part«.  so  that 
while  the  water  in  one  part  Is  being  drawn  oif  for  tise,  that  in  the  other  may 
puriiy  itaejf  by  settling  its  sediment.  Also,  one  port  may  remain  in  use.  while 
the  other  is  being  cleaned  or  repaired.  Many  days,  or  even  two  or  three  weeks, 
lometlmea,  are  required  for  the  complete  settlement  of  the  very  fine  clayey  par- 
tides  in  muddy  water;  depending  on  the  depth  of  the  reeervolr.  One  or  more 
flighte  of  steps  to  the  bottom  of  the  reservoir  should  be  provided. 

lind  In  Reiierwolrs.  The  reservoirs  of  the  New  JEUver  Water  Co,  Ix>n- 
ion*  England,  ware  nneleaned  for  100  years,  during  which  mud  8  feet  deep  was 


iepodted,  or  aboat  an  tnoh  anDoallf .  At  Phllndelphia  It  It  about  M  Ineli  per 
annum  from  the  Sohuylklll,  and  1  luoh  firom  the  Delaware  River.  At  8i.  Louia, 
Missouri,  about  3  to  4  feet  oer  year  1  V^^tatJon  is  apt  to  take  place  in  ahmllow 
reservoirs  and  near  the  eages  of  deep  ones,  especially  in  very  warm  weatlwr; 
and  the  plants,  on  decaying,  li^are  the  water. 

Water  flowliii^  thronyh  marsli  lands  Is  sometimes  unfit  for  drink- 
ing purposes.  That,  for  instance,  in  some  sections  of  the  Conoord  River.  Maasa- 
ohusetts,  was  reported  by  the  eminent  hvdraulio  engineer,  Lioammi  Baldwin,  of 
Boston,  tu  be  absolutely  poimmou$  from  tnis  cause. 

The  constniction  or  a  large  deep  reservoir  is  not  only  a  very  coetlj,  bat  a 
very  basardous  undertaking.  With  everv  watchfulness  and  care,  it  is  almoat 
impossible  entirely  to  prevent  leaking;  although  this  may  not  manifest  itadf 
for  months,  or  even  years.  Should  a  break  occur,  especially  near  a  city,  it 
would  probably  be  attended  by  great  loss  of  life  and  property.  If  the  water 
once  finds  its  way  in  a  stream,  either  across  the  unpaved  top,  or  through  the 
body  of  the  embankment,  the  rapid  destruction  of  the  whole  becomes  almoat 
certain. 

Art.  la.  Storlnff  Beserwolra.  The  entire  annual  yield  of  a  stream 
ludy  be  much  more  tiian  sufilcient  for  supplying  a  certain  population  with 
wat«r;  and  yet  in  its  natural  condition  the  stream  may  not  be  available  for  this 
purpose,  b«>Muse  it  becomes  nearly  dry  in  summer,  when  wster  is  moat  needed; 
while,  at  othei  reasons,  the  rains  and  melted  snows  produce  floods  which  auppir 
vastly  more  tha*.  is  required;  and  which  must  be  allowed  to  ran  to  waste.  A 
storing  reservoir  is  intended  to  collect  and  store  up  this  excess  of  water,ao  that 
'\  roaj  be  drawn  oflf  as  required  during  the  droughts  of  summer,  and  thus 

Dualize  the  supply  throughout  the  entire  year.    This,  when  the  locality  per- 


il roaj  be  drawn  oflf  as  required  during  the  droughts  of  summer,  and  thus 
equalize  the  supply  throughout  the  entire  year.  This,  when  the  locality  per- 
mits, is  efl'ected  by  building  a  dam  across  the  stream,  to  form  one  aide  of  the 
reservoir;  while  the  hill-slopes  of  the  valley  of  the  stream  form  the  other  sides;. 
The  stream  itself  flows  into  this  reservoir  at  its  upstream  end.  When  the 
stream  is  liable  to  become  nearly  dry  during  long  summer  droughts  ezperienee 
shows  that  the  eapaelty  of  the  reservoir  should  be  equal  to  from  4  to  S 
months'  supply,  according  to  circumstances.  During  the  construction  of  the 
dam,  a  free  channel  must  be  provided,  to  psss  the  stream  without  allowing  it 
to  do  injury  to  the  work.  If  the  dam  were  built  precisely  like  Fig  37,  entirely 
of  earth,  it  would  plsiniy  be  liable  to  destruction  by  being  washed  away  in  case 
the  reservoir  should  become  so  full  that  the  water  would  begin  to  flow  over  ita 
lop.  To  provide  against  this  we  may,  by  means  of  meson ry,  or  of  cribs  filled 
with  broken  stone,  or  otherwise,  construct  either  the  whole, or  part  of  the  dam, 
to  serve  as  an  owerfisll,  or  a  waste- weir.  Or  a  side  chsnnel  (an  open  cut« 
pipes,  or  a  culvert,  Ac)  may  t>e  provided  at  one  or  both  ends  of  the  dam,  and  in 
the  natural  soil,  at  such  a  level  as  to  carry  away  the  surplus  flood  water  before 
it  can  rise  higu  enough  to  overtop  the  earthen  dam.  Beaides  these,  and  tlie 
pipes  for  carrying  the  water  to  the  town,  then  should  be  an  outlet,  with  a  valve 
or  gate,  at  the  level  of  the  bottom  of  the  reservoir;  in  order  that,  if  necessary 
for  repairs,  or  for  cleaning  by  scouring,  all  the  water  may  be  drawn  oflf.  The 
entrances  to  the  city  pipes  should  be  protected  by  gratintrs,  to  exclude  fish,  Ac. 

To  fksctlltate  repairs  or  renewals  of  all  walwes,  Ae,  whicli 
are  nnder  water,  ibe  reservoir  ends  of  the  pipes  or  culverts  to  which  they 
are  attached,  may  be  surrounded  by  a  water>tiRlit  box  or  chamber,  which  will 
usually  be  left  open  to  the  reservoir;  but  may  oe  closed  when  repairs  are  re- 
quired. Access  may  then  be  had  to  them  by  entering  at  the  outer  end,  after 
tlie  water  has  fiowed  away  from  inside.  In  case  the  outlet  is  through  a  long 
line  of  pipes  which  cannot  thus  be  entered,  a  special  entry  for  this  purpose  may 
be  cast  in  the  pipe  itself,  near  the  outer  toe  of  the  embankment;  to  be  kept 
closed  except  in  case  of  ropalrs.  Sometimes  a  better,  but  more  expensive  meana 
of  access  to  such  valves,  is  secured  by  enclosing  them  in  a  walwe-toirer  of 
masonry.  This  is  a  hollow  vertical  water-tight  chamber,  like  a  well ;  hut  near 
the  toe  of  the  inner  slope:  having  ita  foundation  at  the  bottom  of  the  reeervoir; 
whence  the  tower  rises  through  the  water  to  above  iu  surface.  This  cbaosber 
is  provided  with  valves  or  gates  usually  left  open  to  the  reeervoir;  but  which 
may  be  closed  when  repairs  are  needed ;  and  the  water  in  the  tower  sllowed  to 
escape  from  it  through  the  open  vslves  of  the  outlets.  This  done,  workmen  can 
descend  through  the  tower  by  ladders  from  the  aperturo  at  its  top. 

At  times  the  ouileU  for  the  discharge  of  surplus  flood  water  are,  like  those  for 
scouring,  placed  at,  or  Just  above,  the  level  of  the  bottom  of  the  reeervoir.  In 
order  thst  these  may  work  in  case  of  a  sudden  flood  at  night,  Ac,  they  must  bs 
furnished  with  self-acting  valvea,  which  will  on*-u  of  their  own  accord  wlien  the 
flood  is  about  to  rise  too  high.  This  may  be  effected  by  attaching  them  to  floats, 
the  rising  of  which,  when  the  water  is  nigh,  will  pull  them  open.  All  Mich  out* 
lets  should  be  large  etoough  to  let  men  enter  them  for  re|)g4|a^   They  aliould  by 
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BO  mean*  be  laid  throofb  the  artilleia]  earthen  bodj  of  the  dam  Itfelf,  wttboal 
being  Bupported  upon  maMnir  reaching  down  to  a  firm  natural  foundation; 
otherwise  they  are  rerf  apt  to  be  broken  by  the  suhsidenoe  or  the  embaukment. 
It  is  uBualW  lafer  to  carrr  them  through  the  firm  natural  soil  near  one  end  of 
the  dam.  Their  TalTes*  if  only  single,  ahould  be  at  their  inner  or  reservoir  end, 
ao  as  to  leare  the  outlets  themselVes  usually  emptT,  for  inspection ;  but  it  is 
better  to  have  two  TalTes,  so  that  one  may  be  used  when  the  other  needs  repair; 
and  in  this  case  one  may  be  placed  at  each  end.  Beservoirs  which  are  supplied 
by  purap^  need  no  precautions  agalnat  orerflow;  because  the  pumping  is 
stopped  when  they  are  filled  to  the  proper  height.  Larse  storing  nverroirs 
necessarily  submeige  more  or  less  land,  which  has  therefore  to  be  purchased. 
By  intercepting  the  descending  water,  they  flrcnnently  prevent  spring  floods 
from  injuring  Tow  lands  farther  down  stream.  U  there  are  mills  down  stream 
flrom  the  reserroir,  they  would  evidently  be  deprived  of  water  for  driving  them, 
nnless  a  portion  of  that  stored  in  the  reservoir  be  devoted  to  that  purpose. 
Water  thus  applied  to  eoutpensaie  for  the  loss  of  the  natural  stream.  Is  odled 
compeiiMsitoii  wr^ '  ^" 


mter;  and  the  reservoir,  a  mmpemtaling  oneu 
Art.  ll».  I>l»trlbiitlii|p  reaerwolm.  Frequently  a  valley  fit  for  a  storing 
wrroir  ou  be  foand  ooly  ai  »  long  dUt  (MOMCiues  many  miles)  from  tha  town;  and  it  then  be* 
— 1  ezpedient  to  oonstrnot  alio  an  additional  one  of  snailcr  stxe  than  the  alortDc  one,  near  th« 


iBwa  i  and  at  aa  great  an  elevation  above  it  a*  dranmitanoae  vlU  permit ;  bot  lover  than  tbe  atoring 

one.    TbU  ie  ealled.  by  way  of  dktinetloii.  n  dtatributittg  reeerrolr,  be ' —  '^ '" - 

hnrlng  flowed  into  it  from  the  storing  reeerrelr,  threogb  Oie 


■,  beeaose  from  It  tbe  wMcr.  after 


Ing  reaerrelr,  threogb  tu  long  ttmptjfp^  wbleh  oonneets  them,  is 

through  the  town,  by  menu  of  the  street  mains,  or  pipes.    This 

mnnll  roserveir  should  bold  a  supply  suffloient  at  least  fbr  n  few  daya ;  a  few  weeks  would  be  better; 
and  the  end  ef  tbe  supply  pipe  whkh 
off  tbe  supply  frtnn  the  storing  rceerrot 


tnted  in  Tarloos  dlreetlmis 

( leut'fer  u  few  daya ; 

I  in  It,  ahould  be  provided  with  a  valve  for  shnUlng 

..  ,  i  reservoir.    These  precautions  permit  repairs  to  be  made  along  the  line 

of  supply  pipe  without  dqirtvlng  the  town  of  water  In  the  mean  Umo.  With  a  view  to  snob  repairs :  es 
wtU  aa  to  sooarlng  out  eedbnent  nram  tbe  supply  pipe,  this  last  should  be  provided  with  Onllet 
Vml  V€S  at  various  low  paints  slong  the  entire  Interval  between  the  two  reservoirs ;  eppcelallT  at 
those  at  wbleh  theTalres  nuy  dlfch  Into  natural  watereoarses.    On  epeniof  the         *        '" 
r  the  water  earries  away  sedlaont ;  and  leaves  the  pipe  empty  for  iospeol 


i 


e  valves,  the  ouw* 
In  flxlnip  upon  the  dlainn  ofplpes  for  supplying  cities,  it  is  necessary 

to  bear  in  mind,  that  by  tv  the  greater  pordon  orthe  34  hours'  jleld  Is  actually  drawn  from  them 

- ^__T._._ .  .^ — * .. 1 •*'---'--•  must  be  so IBclent  to 

summer  mouths,  muoh 


twr  the  greater  pordon  orthe  34  hours  jleld  Is  aetui 
■  of  daylight:  and  therefore  the  eapaolty  of  the  pipes 
la  mueh  less  than  34  hours.    Again,  during  the  hoi,  s 


Street  pit ^-      „ 

>r  proportioning  the  diams  for  saoh  systems.    The  various  c  ^ 
sdeutiOe  investlgntioa  of  lltUe  or  no  ssrviee.    WLtik  mneb  best* 


during  only  8  to  12  hours  o 

ulsh  the  daily  supply  la  ^      . 

ire  water  Is  used  than  daring  the  winter  ones;  aadthlsoonslderationneoessltates  a  sUll  larger  diaa^ 

^itenMorf      ^     ^ * "" 

writer  knows  of  no  praetloal  rules  for 
yllcaslons  Involved,  render  i 
tntlon,  ha  vcntniee  tbe  IMloi 
tfams  as  have  easually  flaUea 

Eoi    -      — 
0ftk« 
rtew  ti  _ 

Mmmt  te  l*«  e(*«r  cols.    These  dfams  ars  given  t 
lobe  about  SO  gnUoBs  per  day  to  eaeh  inhabitant. 

TABLE  A.    (Original.) 


a  purely  sdeutiOe  investlfatioa  of  111 
iwlng  purriy  emplrioal  rues  of  hie  o 
a  under  his  notlee. 


DIam. 
Ins. 


• 
8 
10 
IS 
14 
16 
18 


S4 

St 
St 

le 
as 

84 


80 


KUKBBB,  or 
t  4  S 


Vi 
SI 

i 

4»H 


11^ 


Ins. 


DIam. 
Ins. 


1S47 
S466 
6308 
8S34 
13706 
19141 
XM77 
8S430 
43488 
53671 
64447 

n5<6 

91&80 
108160 
135M0 


397600 
891900 
611300 
650400 
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IttowdltoilloirioaddltloB  Aon  >itiiehtolliMh,or  iiiore,(L ^ 

theehftncter  of  the  water,)  to  each  diaiaetor;  for depMiti and ooneretlona. 


Th«  water,  after  reaehlng  the  ettr  through  one  or  more  largo  main  pApea  f 
the  reeerroir,  mast  be  disiribotecl  tb  rough  the  atreete  bv  mean*  of  ami 

maios  branching  from  the  larger  onea.    The  diameters  of  theae  smaller  c 

also  may  be  foand  hj  Table  ▲.  Thus,  If  a  street,  with  ite  alleTS,  Ae»  contalDi 
about  6000  persons,  (the  rate  of  head  beiag,  as  before,  not  less  tnan  flO  feat  to  a 
mile  at  any  point  of  the  system,)  then  we  see  by  the  Ubie  that  a  104neh  pipe 
Will  answer.  It  would  be  well  to  lay  no  eity  atreet  pipea  of  1ms  than  6  Inehca 
diameter. 

Halnn  whleb  «romi  eAch  other  nlionlil  be  eonmeeted  at  aoaie 
of  their  Intemeef  toiin,  to  allow  the  water  a  more  f^ee  circulation  through- 
out the  entire  srstem ;  so  that  if  the  supply  at  any  point  is  temporarily  cut  off 
from  one  direction  by  closing  the  Talreo  for  lepairs,  or  is  diminished  by  cxeea- 
sive  demand,  it  may  be  mainteined  by  the  flow  from  other  direotlona. 

Awotd  dead  ends  when  possible,  as  the  water  in  them  beeomea  foal  and 
unwholesome. 

Bulk  2.  Wm  t^  mme  diamtteri,  difermt  nite$  ^  kead  wm  nmplw  Iks  pnpc^ 
Honatept^MlatioiulncoiunmSqflbbUB.  Or.ta  OndJUdiamtttn^SMt^MKimd 
ratet  of  head  wiU  mpptp  (kt  tamepopuUMHoiu  given  im  lAe  ImI  cohmm  nf  ANs  A^ 
multiply  the  diameter  ^iren  in  Table  A,  by  the  corresponding  number  la  ool- 
nmn  4  of  Table  B;  or  (approximately)  do  as  directed  in  ootumn  8b 

TABIiE  B.    (Original.) 


Oai.1. 

OOL.1. 

Col.  8. 

Col.  4. 

Cobk 

BMC  or  JiMA, 
in  Fwt  pw  Mite. 

iUtaoribwl. 
UiktlnTableA. 

DUm.  to  rappl7 

the  Popaliuioiu 

Id  Table  A. 

1^ 

« 

.1 

.82 

1.68 

10 

.2 

.46 

1.S7 

1>X 

.tf 

.60 

1.82 

Add  MMthM. 

16 

J 

.65 

1.27 

Add  roll  oDe.fbwth. 

SO 

.4 

.84 

1.20 

Add  OM-flfUl. 

15 

A 

.71 

1.14 

Add  ODO-UVWith. 

80 

A 

.78 

l.!l 

Add  oaeBlatb. 

S6 

.7 

.84 

1.07 

87M 

.75 

.87 

1.06 

Add  oao-atsla«uh. 

40 

.8 

.80 

1.06 

Add  oM-t««Bttota. 

45 

.a 

.96 

1.02 

AddoM-SMMa. 

60 

1.0 

1.00 

1.00 

75 

1.5 

1.28 

.*2 

100 

fJI 

1.41 

J» 

DodootMoalcbtli. 

1S5 

1.& 

\M 

M 

Dedvattan«M.«lxlh. 

160 

8.0 

1.78 

M 

Dedaet  ooo-Blth. 

SOO 

4.0 

2.00 

.TV 

Dedaet  acaiiy  ear  Ibarlk. 

»0 

6.0 

2.26 

.78 

aoo 

00 

2.4* 

.88 

4O0 

8.0 

2.88 

.08 

Dedaet  ftaU  one-tklrd. 

600 

10.0 

8.18 

.88 

Example.  By  Table  A  we  aee  that  with  the  rate  of  bead  of  00  teet  per 
mile,  a  80- loch  pipe  will  supply  a  population  of  91580;  but  with  three  tlmea  that 
rate  of  head,  or  100  feet  per  mile,  we  see  by  eolumn  8,  Table  B»  that  the  aamo 
pipe  will  supply  1.78  times  as  many  persons,  or  91680  X  1.78 1-  186488  persons. 
But  if,  at  this  greater  rate  of  head,  we  still  wish  to  supply  only  91680  peraona, 
then  we  find  in  column  4.  Table  B.  that  we  may  diminish  the  dianietar  of  the  pipe 
from  80,  down  to  80  X -80  —  24  inches;  or,  by  oolumn  6,  wa  have  80— 6««M 
inches. 

Again,  aaer  the  water  has  reached  the  city  by  the  80-Inch  pipe  of  TaMa  A, 
if  we  wish  to  distribute  It  through  the  city  by  say  eight  branchea  or  saallar 
mains,  we  see  by  column  6,  Table  A,  that  each  of  them  must  hare  at  least  IM 
inches  diameter.  From  theee  eight,  other  smaller  ones  may  branch  off  into  tae 
cross  streets,  alleys,  Ac;  and  In  estimating  the  supply  required  for  any  p8tftli>> 
ular  street  main,  we  must  evidently  add  what  Is  requirod  alao  for  aiieh  eroM 
streets,  Ac,  Ac,  as  are  to  be  fed  Hrom  said  main. 

If  certain  limited  parts  of  a  city  pipe  system  hare  considerably  less  rates  of 
head  than  most  of  the  remainder,  it  may  become  ezpediant  to  ni^y  the  ibnaer 
by  a  special  sepaiate  main  of  larger  diameter;  whieh  may  start  altliar  diraetly 
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llroai  tiM  ffMTfttSr :  tr  as  a  bnaeh  firom  tlie  gnaA  Wiflm  nato  which  JmU  Om 

lodrer  parte»  tooMding  to  o1  mn  init  ■  imtoi. 

It  most  be  remembered,  thai  although  by  increaalng  the  dlametenu  an  aban* 
iaDt  aupplf  may  be  obtained  under  a  small  rate  of  bead,  aa  well  as  under  a  great 
«ML  jet  the  water  will  not  riae  to  aa  great  a  height  In  the  serrice  pipes  for  sup< 
pljiig  the  dUlbrent  stories  of  dwellings,  Ac  Even  with  the  diameters  in  Table 
jL  the  water,  under  oidinary  use^  will  not  rise  in  these  pipes  to  the  Axil  height 
m  the  suifiMe  of  the  reserroir;  and  if  aa  unusual  drawing^ff  is  going  on  at 
the  nme  time  at  many  naru  of  tha  system,  aa  in  case  of  an  extensive  flre,  or 
ftmnentlj  during  the  hot  summer  months*  it  may  not  rise  to  even  one>half  of 

Art.  a.  TiM  HaUowlngp  has  b«em  Itoiimd  werjr  eflReetlwe  for 
^rewemtiBff  aomaretiOBS  In  wmtar  pipaa.  Formerly  in  Boston,  cast^ 
iron  dty  pipes* 4  inehes  diameter,  beeame  eloaed  up  in  7  years;  and  those  of 
larger  diumeter  beeame  aerioualy  redueed  in  the  same  time.  But  Uter,  during 
•  years,  in  which  thia  Tarnish  was  used,  no  eoneretions  formedi* 

f^aal-pltali  waniteli  to  be  appUad  to  pipaa  mad  aaatlnca, 
■aaae  for  the  Watar  Deparimaiit  of  PbUadelplilay  nnaar 
ilia  feUowUMT  aomdttionas 

MnL  Every  pipe  must  be  thoroughly  dressed  and  made  dean,  free  Arom  the 
aarth  or  sand  which  eUnga  to  the  iron  in  the  moulds;  hard  bruahea  to  be  used 
ia  iniahing  the  prooesa  to  remove  the  looee  dust. 

Aesnd.    Every  pipe  must  be  entirely  flree  from  rust  when  the  vamlsh  Is  ap> 

eed.  If  the  pipe  cannot  be  dipped  immediately  after  being  cleansed,  the  sup* 
le  must  be  oiled  with  linseed  oU  to  preserve  It  until  it  ia  ready  to  be  dipped  t 
•opipe  to  be  dipped  after  rust  haa  act  In. 

2%vd.  The  coal-tar  pitch  la  made  fVom  coal  ta^  distilled  until  the  naphtha 
la  entirely  removed,  and  tha  material  deodorised.  It  should  be  distilled  until  it 
baa  about  the  consistency  of  wax.  The  mixture  of  five  or  six  per  cent  of  linseed 
oil  is  recommended.  Pitch  whioh  beeomea  hard  and  brittle  when  cold,  will  not 
anawer  for  this  oseu 

J^wrth,  Pitch  of  the  propar  quality  having  been  obtained,  it  must  be  care- 
folly  heated  In  a  suitable  vessel  so  a  temperature  of  800  degrees  Fab  renhelt,  and 
must  be  maintained  at  not  kai  than  this  temperature  during  the  time  of  dip* 
ping.  The  material  will  thicken  and  deteriorate  after  a  numoer  of  pipes  have 
been  dipped ;  fbesh  pitch  muat  therefore  be  frequently  added ;  and  occasionally 
the  vessel  must  be  entirely  emptied  of  ita  old  conteuta,  and  refilled  with  freah 
piteh:  the  reAme  will  be  hard  and  brittle  like  common  pitch. 

F^fOL  Everrplpemust attalnatemparatureof 800degreeaFahrenhelt,before 
It  ia  removed  from  the  vessel  of  hot  pitch.  It  may  then  be  slowly  removed  and 
laid  upon  skids  to  drip. 

All  pipes  of  20  Inehes  diameter  and  upward,  win  require  to  remain  at  least 
thirty  minutea  In  the  hot  fluid,  to  attain  thla  temperature;  probably  more  i** 
eold  weather. 

SbOh.  The  applSeatlon  must  be  made  to  the  aatisfaetion  of  the  Chief  Engineet 
•f  the  Water  Department]  and  the  matorlal  be  su^ect  at  all  timee  io  his  ex- 
amination, inspection,  and  rejoetlon. 

Smfemih.  Payment  for  eoatlng  the  nipea  will  only  be  made  on  such  pipes  aa 
are  sound  and  aufllcient  according  to  the  apedflcaUons,  and  are  acceptable  lnde> 


I 


the  required  water  proot 

JUinuL  The  proper  eoatlng  will  be  tough  and  tenacious  when  cold  on  the 
pipee,  and  not  brittle  or  with  any  tendency  to  scale  oflT.  When  the  coating  of 
any  pipe  has  not  been  properly  applied,  and  does  not  give  satisfaction,  whether 
firom  aefeet  in  material,  tools,  or  manipulations,  It  shall  not  be  nald  for;  if  it 
nalea  off  or  shows  a  tendency  that  way,  the  pipe  shall  be  cleansed  inside  belbie 
It  can  be  reeoated  or  be  receivable  as  an  ordinary  pipe. 

•  Mr.  Dexter  Brackett,  of  Boston,  Informs  us,  1892,  that  while  tubercles  form 
there  In  unouated  pipes  to  a  thlcknem  of  about  three-quarters  of  an  Inch,  rendering 
4-<Dcfa  pipes  of  Mttle  or  no  value  for  firs  supply,  yet  no  actual  stoppage  has  been 
known  to  occur  from  this  cause  during  the  twenty-three  yeara  of  bis  connection 
with  the  City  Sngineering  Department.  He  states  also  that  even  their  (nated  pipes, 
t»ir^  up  alter  being  in  the  ground  fbr  ten  or  fifteen  yeai%  are  genenOly  li  aud  to  be 
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Art.  4.    The  pIpM  «re  laid  to  eonform  to  fhe  Tertical  nndnlatlons  of  fbe  i 
saifiBoea.    The  tope  of  the  pipes  are  laid  not  lem  than  3^  feet  below  the  suftc*  of 
the  street;  but  in  S-inch  pipes  the  water  has  at  times  been  fh)ten  at  that  depth. 

In  Plillada.,  In  1S85,  there  were  abont  784  miles  of  street 
pipes;  or  about  1  mile  to  eveiy  1100  inhabitants.  The  populaiion  was  about 
860,000;  residing  iu  about  150,000  dwellings.  Berlin,  1887-8;  1,4O0,O0U  tnhab- 
tantB,  in  20,00()  houses  (average  70  persons  per  house).  Mean  ounsumptlon  per  head, 
17  U.  S.  gallons  per  day ;  maximum,  24 ;  minimum,  12^ ;  all  approximate.  2ft,Q00 
wheel  meters  in  use. 

Ho  SSlwanle  notion  has  been  obsenred  where  lead  pipes  or  braas  Qsf  to  vitti 
«Mt-inm  ones.  Ho  pipe  less  than  6  inches  diam  shonld  be  laid  in  cities;  aad 
sff«n  thej  only  for  lengths  of  a  few  hundred  feet.  Their  insnfflciency  is  ehiefly  felt  in 
ease  of  fire.  8  ins  would  be  a  better  minimum.  Mo  more  leakage  occars  In  wintsr 
than  in  summer;  except  from  the  bursting  of  private ttrvie^^tipeM  by  freesing. 

To  compact  the  earth  thoroughly  against  the  pipes  excludes  air,  and  greatly  in> 
pedes  rust.  Pipes  mav  be  corroded  by  the  leakage  of  gas  through  the  bodjaaw«llai 
throngb  the  joints  of  Myneent  gmm^pipe^ 


WEIGHT  OF  CABT-IBOH  WATEB-PIPES, 

As  nsed  In  Ptalln^and  tested  bThvdraullc  prMs  before  dellTcry  toaatntonitf 
pres  of  aoo  lbs  per  sq  inch.  This  table  inclndes  spigots,  and  fknoets  or  bella.  Ttat 
pipes  are  required  to  be  made  of  remelted  strong  tough  gray  pig  iron,  such  aa  may 
be  readily  drilled  and  chipped ;  and  all  of  more  than  8  ins  diam  to  be  cast  vertically, 
with  the  bell  end  down.  DeTiations  of  6  per  cent  aboTe  or  below  the  thaoreti- 
oal  weights,  are  allowed  for  Irregularities  in  casting,  which  It  seems  impossible  to 
avoid. 

The  pipM  M«  In  lengths  fh>m  3  to  SU^lns  longer  than  12  ft ;  so  that  when  laid  tfasgr 
measure  12  ft  trom  the  mouth,/.  Fig  38,  of  one  bell  to  that  of  the  next. 


Dtam. 

Thlek- 
aras. 

Wtper 

ISDCth. 

Dlua. 

Thick- 

Wtpw 

Dlsab 

Thick. 

BCM. 

s«c 

IM. 

Ins. 

LtM. 

Ia«. 

Ins. 

Lta. 

Im. 

lac 

Lta. 

8 

JL 

158 

16 

^ 

1322 

86 

H 

4884 

4 

7R 

211 

20 

1654 

86 

^S 

48«8 

6 

JL 

885 

20 

H 

1708 

86 

^tl 

6866 

8 

•♦ 

460 

80 

H 

3313 

48 

ii| 

7282 

10 

i 

667 

80 

!8 

8G10 

48 

1  s 

8667 

12 

880 

80 

1 

8864 

48 

i8 

987S 

The  followinic  sizes  of  lap-welded  wronipht-lron  water>plpe  are 

made  by  the  National  Tube  Works  Co.,  McKeesport.  Fa.,  and  fitted  with  their 
**  Converse  patent  loek-Jolnt.**  One  end  or  each  length  of  pipe  has  the 
lock-Joint  permanently  attached  (leaded)  to  It  at  the  works  before  shipping.  The 
'  weights  per  foot**  inclnde  these  Joints.    The  weight  of  "  lead  per  Joint**  ^ven  Is 

only  <rf 


that  required  to  be  poured  in  lagmg  the  pipe,  or  that  for  one  side  on 


the  Joint 


Outer  diam,  Ins.......... 

Welsrlitp«rft,lbs 

I<eaa  per  Joint,  lbs...... 

Average  ear  load  t 
Muuiber  of  lengths...^ 
-       -  feet 


284668        10       IS       16 

L86    8.48     5.26     7.83     8.76  18.20  17j06  25.12  47.Tf 

^     1ft      SVi     3K     8A     69^         6     «       16 

800     880      876      145      126      128       80       M       48 
11500    5600    4500    2600    2000    2000    1200     800     681 

The  pipes  are  tested  for  a  bursting  pressure  of  600  lbs  per  square  inch,  or  higbse 
If  desired.  They  are  fnmished  either  coated  with  asphaltnm,  or  **  knla* 
melnedi^  or.  If  dssirsd,  first  kalameined  and  then  coated  with  aspbaltam. 
Kalanieinlng  consists  in  **  Incorporating  upon  and  Into  the  body  of  the  Iron  a  son* 
sorrosive  metal  alloy.  largely  compoaed  of  tin.**  The  snrlhoo  thin  fitcmad  la  asl 
Masked  bj  blows,  or  by  bending  the  pipe,  either  hot  or  oold^y  V^OOgle 


WATEB-FIPES.  657 

Tliejoint,  orooopliog,  Isof  caat-Iron,  And  hta  Internal  recesees  which  receireand 
hold  lugB  on  the  outside  of  each  length  of  pipe,  near  each  of  i  t«  aids.  The  ioint  is 
then  poured  with  lead  in  the  usual  way  (see  page  660),  either  with  clay  ooUaxfl»  or 
arith  a  special  pouring  clamp  fnrniahea  by  the  Co.  This  clamp  resembles  ths 
**  joanter,**  Hgs  89  Ac,  except  that  It  is  in  two  rigid  semi-circular  pieces,  connected 
together  by  a  ninge-Joint,and  fhmished  with  bandies  like  those  of  a  lemon-squeezer, 
ftod  has  a  hole  in  one  side  for  pouring.  The  coupling  forms  a  flush  inner  anrtaoe 
'With  the  pipe  at  the  Joint,  thin  avoiding  much  of  the  resistance  of  cast-iron  pipes 
to  flow.  For  cases  where  it  may  be  necessary  to  make  freqnent  changes,  the  conp- 
linfcs  are  made  in  two  pieces,  which  are  bolted  together  by  flanges. 

^Wveoipbt-lroii,  for  pipes,  has  the  great  ndvantaircs  over  cast-iron 
of  lightness,  toughness,  and  pliability.  The  lightness  of  wrongbt-iron  pipes  ren- 
ders them  easier  to  handle,  and  cheaper  p«r/oo(  notwithstanding  that  their  cost  per 
foM  is  about  '26  per  cent  greater.  They  are  not  liable  to  breakage  in  transportation 
•r  from  rough  handling,  and  thev  may  be  bent  through  angles  up  to  about  25°. 
Vhey  therefore  require  no  special  bend  castings  for  such  angles.  The  National  Go 
snpply  bending  machines,  to  be  worked  by  two  men.  One  machine  can,  by  changing 
ll»e  dies,  be  used  in  bending  all  sizes  of  pipe.  The  pipes  are  in  lengths  of  from  lb  to 
18  feet,  instead  of  12  feet,  as  in  the  case  of  cast-iron,  so  that  fewer  Joints  are 


rcanlrea  per  mile* 

The  " 


» Co  furnish  specUl  ''senrlce  clamps**  and  tapping  machines  for  attneliliiiP 
••rwlee  pipes  to  mains.  This  may  be  done  (as  in  the  case  of  the  Payne 
machine,  while  the  main  is  under  preasore.    The  senrice  clamp  is  a  cast- 

iron  saddle,  which,  before  the  main  is  tapped,  is  attached  to  it  by  means  of  a  U 
bolt,  and  which  remains  permanentiT  so  attached  after  the  tapping.  A  sheet-lead 
grasket  is  pbMsed  between  clamp  and  main.  The  clamp  has  a  tapped  cylindrical 
opening  throngh  it,  into  which  the  corporation  stop  is  screwed  before 

che  pipe  is  tapped.  The  drill  of  the  tapping  machine  passes  throngh  the  stop,  and 
through  the  cylindrical  opening  in  the  clamp,  and  drills  through  the  lead  gasket 
and  through  the  side  of  the  main. 

The  Co  ftirniflh  also  pipe-cutting  machines,  and  special  castings  (rBduoei% 
i,  Ac,  Ac)  fitted  with  the  OonTene  joint. 
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Art.  5.    Wroniplit-irsn  pipes  eorrode  mnch  more  rapidly  than  oast. 

A  vatta>pereba  pipe,  V6  inch  thick,  and  ^  Inch  bore,  has  sustained  safely 
an  Inurnal  pm  of  more  tban  aO  fto  per  iq  tnoh ;  eqaal  to  notrij  600  feet  hMd.  It  merely  iwelM 
sitgbitj  M  SS7  IN.  In  1851  a  tobe  or  that  material.  SW  ins  bora,  about  H  Ineb  thiok,  and  ISSO  ft  loa^. 
waa  aonk  la  the  Bast  River,  Kev  York,  to  oarrj  the  Crotoo  water  lo  Blackwell's  island.  It  was  hcR 
dfOWQ  by  weigbu.  It  proToa  noaatlslbotory  owlog  to  abraaloa  oaoecd  \n  tidal  eorrenu,  and  lajurj 
from  the  ancbort  of  dragging  vcowle.  A  wrapping  of  eanrae,  eonflned  br  spun  yam.  wai  nwhil  ia 
pvcrentlng  tbe  former,  but  not  tbo  taiUer.   Thli  pipe  waa  replaoed  In  1S70  br  vnragbt-lron  pipes. 

IliUi*B  patent  Iron  and  eement  pipe,  is  made  by  The  Patent  Water 
mad  Gas  Pipe  Co,  of  Jereey  City,  N.  J.  It  la  (tanned  of  riTeied  sbeet*lroa,  and  eaeh  leogtb  Is  dipped 
teto,  and  ooated  with,  a  hot  mixtare  of  eoal  tar  and  asphalt.  Tbe  lining  of  hydranlle  oemcnt  Is  tbea 
mpplted.  This  ranees,  la  thiokncas.  fktim  M  Ineh  Ibr  H-iach  pipes  to  I  Inoh  for  SO-lneb  pl[ie.  This 
pipe  is  nude  np  to  dlamsof  S6  ins.  It  Is  laid  in  a  bed  of  oemenl  mortar,  and  oempletely  eoverad  with 
the  aame.  Softable  means  are  prorlded  for  making  all  the  attaohmenu,  Ae,  required  la  city  pipes 
for  water  and  gas.  More  than  ISOO  mlJes  of  It  are  ia  use  la  varioos  towns,  some  of  It  for  S&  years  | 
■ad  it  appears  to  gire  gcoeral  satlsfhatlon.  Toberoles  do  not  form  ia  these  pipes,  as  ther  are  apt  te 
do  in  east-iron  ones.  There  Is  every  reason  to  suppose  that  they  are  dnrabla.  The  trenohas  beinf 
^ —  ^.._  . «i^_  «_  . — •_..  _. ^ . —  iii^m  (Including  tbe  eement). 

r.   make  wooden  water  pipes*   Vot 

ilsn  either  plain  pipes,  SM  to  7  Ins  square  exteraally 

,_ 1  pipes,  1  Inch  to  16  Ins  bore,  eoatea  ox lemslly  with 

asphaltum  eement.  At  their  ends,  both  the  sqnaro  and  the  round  pipes  are  banded  with  iron.  Fot 
pceasares  rirom  40  to  1<0  fts  per  tq  Inch,  the  round  wooden  pipes,  before  being  eoatcd  with  eement, 
are  spirally  wrapped,  by  steam  power,  with  hoop  Iron,  whloh  Is  first  passed  through  a  preparation 
of  ooal-ur.  The  Iron  is  wound  so  tightly  as  to  be  Imbedded  In  the  pipe,  leaving  its  outer  sarfsee 
nosh  with  that  of  the  wood.  The  ends  of  eaeh  length  of  pipe  reoeive  extra  banding.  Tbe  aspbaltoa 
oeaMat  coadng  Is  then  applied.  These  pipes  have  been  extenslToly  and  sneeessf^i4y  ased  fbr  beib 
water  and  gas.    Bailable  arrangenMuu  are  prorlded  for  Jolntt  and  eonaootlona. 

Water  pipes  of  bored  oak  and  pine  loss,  laid  in  Philadelphia 
in  1800-1820,  are  usually  found  quite  sound,  and  still  fit  for  use,  except  wnere 
outer  sap  wood  is  decayed.  When  this  is  removed,  many  of  these  old  pipes  have 
been  relaid  in  factories,  Slo.  Clay  tpell  packed  around  wooden  pipes,  excludes  the 
contact  of  air,  and  thus  contributes  greatly  to  their  durability.    Loose  porous 


dag,  the  Jersey  City  Co  fnmlshplpes  aad  lay  them  (Including  tbe  eement). 
M      "'-  •    -    -^    -  -     Elu'-      *"    "  * ^ 

and  from  IH  to 4 ias  latemaf  diaa^;'or'round  pipes,  1  Inch io'ie  Ins'Bore^ eoiuedntinrnslly 


A.    Wyckoir  k    Bon,  Elmira,  N.  T. 
pressures  of  16  to  10  fts  per  so  ineh,  they  furai 


soils,  iuch  as  gravel,  Ac,  on  the  contrary,  are  unfavorable. 

Pipes  made  of  bitnminised  paper,  prepared  under  great  pressure, 
have  been  used  for  both  water  and  gas.  ^hey  are  much  less  liable  to  break  than 
cast-iron,  and  do  not  weigh  or  coat  more  than  about  half  as  much.  Pipes  ol 
6  ins  bore  and  U  inch  thick,  have  resisted  pressures  of  220  fts  per  sq  Inch ; 
equal  to  a  water  head  of  507  ft    BritUh  patent  No.  2187,  Sep  28, 1858,  to  A.  F. 
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Croats  of  water  pipe  and  laylnir*   The  following  finrw  «• 

..   "— »^    -  -  -  byMr.  AUenJ.Fttller,  - 

Iphi      •"• 
ipe,  laid  in  earth,  in  that  city.  Tlae  oostf  in  any 


from  a  table  kindlf  mmiBhed 
Ma  of  Water*  Philadelphia, 
,  laid  in  earth,  in  that  city. 
I  these  figures^  aeoording  to  ciroamstaneeB. 


lUer,  Oeoerd  Saperintendeot, 
onditionsfo 
maydiileri 


it  aTerage  eonditions  for  itrairiit 
materially 


"Laying"  inclndes  all  handling  of  materials,  after  their  dflliTery  en  the 
ground,  for  laying  them  in  the  trench,  making  joints,  calking^  etc.    Galken 


reoeire  $2.60,  lead  men  92.00,  and  laborers  $1.76  per  day  6t  8  hours. 
The  oosts  of  materials  are  taken  as  follows :  Pipe  castings,  1.8  cts. 
gasket,  8H  cts.;  coke,  0.27  ots.,  per  pound ;  bk>cking,  1.7  eta.  per  fL'Bw  M. 


) castings,  1.8 cts.;  lend, Sets.; 


Add  for  stops,  branches,  lire  hydrants,  speoial  easttnss,  repaving,  damaget, 
foremen's  wages,  cost  of  tools,  eta  For  rough  estimates,  to  eover  ftztuna,  rock 
ezcsTatlon,  additional  depth  required  for  trench,  wear  and  tear  of  tools,  and 
ordinary  repaying,  but  not  including  damases,  asphalt  repaying,  or  treauiBg, 
the  oosts  in  the  table  may  be  increased  as  foUSows: 

Diameter  of  pipe 

Add  .    .    .    .    . 

Materials. 


4 

6 

8 

10 

12 

16  to  48  indiee. 

80 

70 

86 

60 

60 

40      peroentk 

) 


Pipe. 

Per  length  of  12  feet 

Per 

Diam. 

Thick- 
ness. 

Iron. 

Lead. 

Gasket. 

Coka 

Block'g. 

Total. 

lineal 
foot. 

Ins. 

Ins. 

lbs. 

$ 

Bm. 

$ 

!be. 

$ 

lbs. 

$ 

Ft. 
BH 

$ 

$ 

• 

4 

ax 

214 

2.67 

6 

0.80 

0.2 

0.01 

4 

0.01 

0.03 

8.98 

0.84 

6 

u 

867 

4.40 

10 

0.50 

0.2 

0.01 

4 

0.01 

0.08 

4.96 

a4i 

8 

T> 

490 

6.88 

12 

0.62 

0.8 

0.01 

4 

0.01 

0.08 

6.58 

ass 

12 

,  L 

918 

11.02 

18 

0.90 

0.6 

0.02 

5 

0.01 

0.08 

11.08 

1.09 

18 

ZR 

1610 

18.12 

SO 

1.50 

0.8 

0.08 

7 

0.02 

0.06 

19.70 

1.6* 

24 

ff 

2458 

29.50 

40 

2.00 

1.0 

0.03 

8 

0.02 

0.06 

81.60 

2.88 

80 

8825 

89.90 

76 

8.76 

1.8 

0.06 

9 

0.08 

0.07 

48.79 

8.86 

(i 

1 

4009 

48.11 

75 

8.76 

1.8 

0.05 

9 

0.02 

0.07 

82.00 

4.88 

86 

1| 

4610 

65.82  116 

6.75 

2.0 

0.07 

10 

0.08 

0.00 

61.26 

&19 

«t 

IJL 

5680 

68.161116 

6.76 

2.0 

0.07 

10 

0.08 

O.OB 

74.09 

6.17 

48 

li? 

8038 

96.46  150 

7.60 

2.4 

0.08 

12 

0.08 

0.14 

104.21 

&68 

«« 

iS 

9455 

118.46150 

7.60 

2.4 

0.08 

12 

0.08 

0.14 

181.81 

laio 

Earthwosk. 


Pipe 

Trench. 

Earthwork, 

per  lineal  foot 

IHam. 

Thick- 
ness. 

Width,  fiset. 

Depth. 

Excaration. 

Bsekllll 

and 
remoying 

Top. 

Bot- 

feet. 

Cubic 

sorplas. 

Ins. 

Ins. 

torn. 

yards. 

$ 

$ 

• 

4 

% 

2.50 

2.25 

4.S0 

0.40 

0.00 

0.02 

au 

6 

JL 

2.60 

2.25 

4.50 

0.40 

0.09 

ao8 

au 

8 

JIL 

150 

2.25 

4.60 

0.40 

0.09 

aos 

an 

12 

n 

2.75 

2.50 

4.50 

0.47 

0.11 

ao6 

ai6 

18 

?B 

2.75 

2.50 

4.50 

0.48 

0.11 

0.09 

aso 

84 

« 

8.70 

8.00 

4.75 

0.64 

0.14 

ai6 

9.90 

80 

4.26 

8.26 

6.00 

0.76 

0.17 

0.88 

a69 

«« 

1 

426 

8.26 

6.00 

0.76 

0.17 

ass 

a69 

96 

U 

5.00 

8.76 

5.60 

0.97 

0.22 

a80 

ass 

IJL 

&00 

8.76 

5.60 

0.96 

0.22 

aso 

O.SS 

69 

IM 

7.00 

4.60 

6.50 

1.47 

a44 

a66 

099 

«« 

iJ? 

7,00 

4.60 

6.00 

1.47 

0.44 

a66 

a99 
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Hauliho, 

Pipe. 

Hauling, 
per  lineal  foot,  at 
76  cents  per  ton. 

Laying, 
foot 

Recapitulation  of  Coat, 
per  lineal  foot. 

a 
1 

Is 

& 

s 

\u 

1 

a 

5-a 

1^ 

It 

i-* 

i 

Ins. 

Ids. 

8 

% 

8 

$ 

% 

% 

8 

8 

8 

4 

% 

0.01 

0.01 

0.02 

0.08 

0.24 

0.11 

ao2 

0.03 

0.40 

6 

JL 

T>.Oi 

0.01 

ao2 

0.04 

0.41 

0.11 

0.02 

0.04 

0.58 

8 

TV 

aoi 

0.01 

0.02 

0.04 

0.55 

0.11 

0.02 

0.04 

0.72 

12 

JL 

0.03 

0.01 

0.04 

0.06 

1.00 

0.16 

0.04 

0.05 

1.25 

18 

ZB    - 

0.04 

0.01 

0.05 

0.06 

1.64 

0.20 

0.05 

0.06 

1.95 

24 

74 

0.07 

0.01 

0.08 

0.08 

2.63 

0.30 

0.08 

0.08 

8.G9 

80 

if 

0.09 

0.02 

0.11 

0.08 

8.65 

0.40 

0.11 

0.08 

4.24 

<« 

1 

0.11 

0.02 

0.13 

0.08 

4.88. 

0.40 

0.18 

0.08 

4.94 

86 

1| 

0.18 

0.02 

a  15 

0.08 

6.10 

0.52 

0.15 

0.08 

5.86 

<« 

IJL 

0.16 

0.02 

0.18 

0.09 

6.17 

0.52 

0.18 

0.09 

6.96 

48 

jt? 

0.22 

ao8 

0.25 

0.12 

&68 

0.99 

0.25 

0.12 

10.04 

« 

l8 

a26 

0.08 

0.2B 

0.12 

10.10 

0.90 

0.29 

0.12 

11.00 

47 
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Art.  6.  Cast-iron  Pipe  JeintM.  PhiladelphJa  ftondarl  TIm  el 
diBtanoe,  d,  between  the  spiffot  and  the  faucet,  is  neailj  uuifona  for  all  « 
tif  pipe,  Yarjing  only  from  A  iucb  for  4-iQch 
pipe,  to  A  inch  for  30-inch  pipe.  The  depth, 
m  n,  of  tne  faucet  yaries  from  8  ina  in  4-iuch 
pipe,  to  4  ins  in  30-inch  pipe. 

The  small  beads  at  a  and  m,  s*  and  m'  on  the 
spiffot  end  of  the  pipe,  project  about  ^  inch ; 


or  rope  yarn ;  above  which  is  poured  melted 
lead,  confined  from  spreading  by  means  of  clay 
plastered  around  the  Joint  The  lend  is  after- 
wards compacted  by  a  calking  hammer. 

The  lead  is  poured  through  a  hole  left  in  the 
clay  on  the  upper  side  of  the  pipe.  In  large 
pipes,  two  additional  holes  are  left  in  the  clay, 
one  at  each  side  of  the  pipe,  and  lead  is  first 
poured  into  the  side  holes  by  two  men  at  once, 
one  man  pouring  into  each  side  hole  until  the 
oint  is  half  full.     The  shle  holes  are  then  ^    e  ^e 

Atopped,  and,  after  the  lead  already  poured  has  Li^i^j — .•cale  qf  inches,  , 
hardened,  the  two  men  finish  the  pouring  by*^*'***^ 
means  of  the  top  hole.  Thin  course  is  necessary,  p|^  3g 

because  tlie  great  weight  of  melted  lead  in  the 

entire  large  Joint  would  press  away  the  clay  at  the  lower  side  of  the  Joint,  a 
thus  escape. 

The  moisture  in  the  clay  Is  liable  to  freeze  in  cold  weather,  and  to  render  it 
hard  to  be  used.  It  is  also  liable,  at  all  times,  as  is  also  any  dampness  in  the  pi 
to  be  converted  into  steam  by  the  heat  of  the  melted  lead.  The  steam  sometiii 
breaks  out,  or  '*  blows  '*  through  the  clay,  allowing  the  lead  to  escape. 

Art.  7.  The  Watkins  patent  **  Pipe  Jointer*'  aroids  these  difficulties 
dispensing  with  the  ring  of  clay.   It  consists  of  a  ring  R,  Figs  88  and  40,  of  squ 


gposa  eoctiop,  and  made  of  packing  composed  of  altemato  lajrers  of  hemp  cli 
and  India  rubber.  This  ring  is  encircled  bv  one  or  more  thin  strips  of  sprj 
steel,  which  are  riveted  to  it  at  intervals,  as  shown.  E  E  are  iron-elliows  rivei 
outside  of  the  steel  bands.  After  the  siisket  has  been  rammed  into  its  place,  I 
rinff  is  placed  around  the  spigot  near  the  faucet,  in  the  position  shown  in  Fiff 
niicT is  held  loosely  by  the  clamp,  Fi^  41,  one  point  of  which  enters  a  small  pit 
each  of  the  elbows,  £  E.  The  ring  is  then,  by  means  of  a  hammer,  driren  cl< 
up  against  the  end,/,  of  the  faucet.  Fig  38 ;  the  screw  of  the  clamp  is  tij^htec 
Ki>mewhat,  so  as  to  bring  the  ring  close  to  the  spigot;  a  small  dam  of^clay 
placed  in  front  of  the  aperture  between  the  two  elbows,  E  E;  and  the  Joint 
ready  for  pouring.  After  the  lead  has  hardened,  the  "jointer*'  is  removed,  a 
is  nitdj  for  use  at  another  Joint.  Upon  its  removal  the  lead  is  found  smoo 
requiring  no  chipping.  One  can  be  used  for  several  hundred  Joints.  They  d 
pense  with  the  services  of  the  men  who  prepare  the  clay  collars,  and  supply  th' 
10  tlM  pourers.    Thos.  Watkins,  Johnstow||^t,^§.by  LjOOQ  IC 
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Art.  8. 


ket  into  ilie  plpd 

before  ibe  gasket  is  inse 


As  a  ftirtber  prereDtlTe  against  the  eaespe  of  any  of  the  km 

.^     a  ring  of  lead  pipe  is  sometiiueB  plaoed  in  the  joint 


inserted.    This  lead  pipe  is  of  such  diameter  that  it  can  Just 


be  pushed  through  the  space,  d.  Fig  88,  lietween  the  spigot  and  the  faucet;  and 
of  such  leagth  as  Just  to  euclrcle  the  water-pipe.  It  is  driveu  as  doselj  as  pos- 
sible into  the  narrow  annular  space  at  o  o,  Fig  38w  The  gasket  is  then  rammed 
in,  and  the  lead  poured,  as  usnat 

Art.  9.  In  Jobn  F.  Ward^s  flexible  Joint,  Fig.  42,  for  cast-iron 
pipes  laid  across  the  irregular  beds  of  streams,  a  portion,  a  o,  of  tbe  inside  of  the 
b«il  B  is  accurately  turned  to  form  the  middle  sone  of  a  sphere,  with  center  at  C, 

and  the  narrow  surface  m  m,  on  the 
outside  of  tbe  spigot  8,  Is  turned  to 
form  a  segment  of  a  sphere  accurately 
fitting  tbe  fonner.  Tbe  lead  is  poured 
while  the  two  adjacent  leiietbs  of  pipe, 
resting  on  suitable  vessels  or  floats, 
are  in  a  straight  line,  or  nearly  so.  Tbe 
lead  occupies  the  space  mn, shown  black, 
and  is  held  in  place  on  tbe  spigot  by  tbe 
depre.*!Kion  dd.  A s  fast  as  the  Joi  n ts  are 
thus  filled,  tbe  floats  are  moved  for- 
ward, and  the  pipes,  if  small,  are  passed 
intosballow  water  without  furtbercare. 
Suitable  apparatus  is  used  for  lowering 
large  pipes  into  deep  water  without  un- 
due strain  on  the  Joints.  The  Joint  per- 
mits a  deflection  of  15^,  as  shown ;  but 
further  deflection,  which  would  be  lia- 
ble to  split  tbe  bell,  is  prevented  by  the 
stops  at  0  0  on  the  bell  and  v  v  on  the 
spigot.  Insomecasespreliminarydredg- 


i 
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Ing  may  be  expedient,  to  diminish  abrupt  irresularities  of  the  bottom.  Over 
thirty  lines  of  pipe  furnished  with  this  Joint  nave  been  Buccesefully  laid,  of 
diameters  up  to  3  feet. 

Art.  10.  In  Figs  43,  A  Is  a  double  branch  i  which  is  a  pipe  having,  in 
addition  to  the  faucet,  c^  at  one  end,  two  others, «  and  t,  to  which  pipes  leading  in 
oppositedirection8(asatcross-streetfi)maybeattached.  Ifeither«  or  tbe  omitted, 
ihe  pipe  is  a  sinsle  brancb.  Tbe  pipe  is  stronger  when  these  extra  faucets 
are  near  itsend,  than  if  they  were  atits  middle.  In  alonglineof  piiJes.for  thesake 
of  expedition,  difierent  gangs  of  men  are  frequently  laying  detached  portions  some 
di!«tance apart;  and  when  two  endsof  diflfbrent  portions  are  brought  near  enoueh 
together  to  be  united,  as  h  and  r,  Fig  C,  their  Junction  cannot  be  eflected  by  the 
usual  spigot-and-faucet  Joint.  In  this  case  a  cast-iron  sleeve,//,  is  used,  which  is 
first  slid  upon  one  of  the  pieces  of  pipe ;  and  (after  the  other  piece  also  is  laid)  is 
slid  back  into  the  position  in  the  fig,  so  as  to  cover  tbe  Joint.   Sleeves  are  usually 

about  a  foot  long;  as  thick  as 
A  g  the  pipe;  and  their  diam  is 

^  *'  sufficient  to  allow  the  usual 

Joint  of  gasket  and  lead. 
There  is  of  course  such  a  Joint 
at  each  end  of  the  sleeve. 

Art.  11.  When  « 
erack  ocenrs  In  a  pipe, 
a  a,  Fig  B,  already  in  use,  it  is 
repaired  by  means  of  a  cast- 
iron  sleeve,  g  g,  made  in  two 
parts,  bolted  together  by 
means  of  flanges  as  at  nn.  In 
other  respects  it  is  like  the 
preceding  sleeve.  The  inter- 
mediate white  ring  is  the  lead 
Joint.  If  the  erack  is  too  long,  or  otherwise  too  bad  to  be  remedied  by  a  sleeve, 
the  pipe  is  broken  to  pieces ;  and  the  lead  Joints  at  its  ends  melted  out,  so  as  to 
allow  of  its  removal  Then,  since  an  entire  new  pine  cannot  now  be  inserted, 
owing  to  the  overlapping  of  the  spigot-and-faucet  ends,  two  short  pieces  must  be 
sabetitnted  for  iU  One  end  of  each  of  these  Is  lead-jointed  to  the  pipes  already 
laid;  while  the  other  two  ends,  which  will  probably  be  a  few  inches  apart,  are 
covered  by  a  sleeve,  /  /,  Fig.  C  'g^ed  by  KjOOg It 
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12.  To  attacla  a  pipe,  e,  Flar  4St 
e,  f,  ahready  In  nae,  out  ia  which  no 
)ii  ona  been  made  for  such  attachment,  a 


irH«.>4-4r 


Cracks  may  at  times  be  temporarily  repaired  in  an  emergency,  by  a  wrapping 
of  folds  of  oaoTas  thoroughlr  saturated  with  white-lead  paint;  and  tightly  oon- 
fined  to  the  pipe  by  a  spiral  banding  of  thin  hoop- 
Iron  or  wire.  Or,  by  an  iron  band,  made  in  two 
Krts,  B  B,  Fig  44,  and  clamped  tOKetber  by  screw- 
Its,  8  S.  Such  iMinds  are  useful,  also,  for  strength- 
ening pi|)e8  that  are  considered  to  be  in  danger  of  i 
bursting. 

Art.  12. 
to  one, 
provision 

piece  mar  be  cut  out  of/,  as  at  v  v,  and  a  casting! «, 
furnished  with  flanges,  m  m,  bolted  over  the  opening,  by  screw-bolts  passing 
through  female  screws  tapped  in  the  thickness  of  the  pipe.  If  the  new  pip«  is 
so  large  that  the  opening,  v  v,  if  circular,  woiild  be  inconveniently  wide,  it  may 
be  made  oval^  with  the  longest  diameter  in  the  direction  of  the  length  of  the 
pipe,/.    In  that  case  the  casting  s  will  be  oval  at  its  flanges ;  and  circular  at  e  c 

Art.  13.  Air  valves.  Air  is  apt  to  collect  gradually  at  the  high  poinu 
of  vertical  curves  along  the  supply  pipes:  and,  unless  removed,  obatmcts  the 
flow.    This  may  be  prevented  by  an  air  valve,  Fig  44A.    This  consists  of  a  cas^ 
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iron  box,  eedd,  confined  to  the  main  pipe  mm,  by  screw-bolts  passing  throagh 
its  fiange  dd.  It  has  a  cover  gng,  confined  to  it  by  screws  it;  and  at  the  top 
of  which  is  an  opening  n.  fur  the  escape  of  air  from  within.  In  this  box  is  a 
float/,  which  may  be  a  close  tin  or  copper  vessel,  or  of  layers  of  cork,  as  sup- 
posea  in  the  flg;  or  Ac.    This  float  has  a  spindle  or  stem  s  <,  fast  to  it;  which 


to  rise  and  fall  freely,  Iwt  preventing  it  from  moving  sideways.  When  tlie  pine 
m  m  is  empty,  the  float  is  down ;  its  base  y  resting  on  the  cross-bar  a  a.  The 
stem  «  «  has  fixed  to  it  a  valve  v,  which  rises  and  fiills  with  it  and  the  float. 
Suppose  the  pipe  m  m  to  be  empty,  and  consequently  the  float  and  the  valve  v 
down.  Then,  if  water  be  admitted  into  the  pipe,  it  will  rise  and  flll  also  the  box 
as  far  up  as  e ;  and  in  doing  so  will  lift  the  float/,  and  the  valve  v,  to  the  position 
in  the  tfg;  thus  preventing  egress  to  the  outer  air  by  closlns  the  opening  at  v. 
Now,  air  carried  along  by  the  water,  will,  on  account  of  its  Ugfatness,  aaceiMl  to 
the  highest  points  it  meets  with. 


Digitized  by  CjOOQ  IC 


WATEB-PIPEB.  663 


Henoe,  when  auch  air  arrives  under  the  opeDlng  ao,  It  will  rise  through  it, 
•ad  ascend  to  e\  the  clostil  Talre  preveDting  it  from  gniog  farther.  Thus 
•uccessire  portions  of  air  ascend,  and  in  time  accumulate  to  such  an  extent 
as  gradually  to  force  much  of  the  water  downward  out  of  the  box.  When 
this  lakea  place,  the  float,  which  is  held  up  oiiIt  by  the  water,  of  course  de- 
■oends  also;  and  lu  doing  so,  pulls  down  with  it  the  valTC  v.  The  accumulated 
air  then  instantly  escapes  through  the  openings  at «  and  n,  into  the  atmosphere; 
and  the  water  in  the  pipe  mm,  immediately  ascends  again  into  the  box,  carry- 
Ins  with  it  the  float;  and  thus  again  closing  the  valve  v.  The  valve,  and  the 
▼alvei«eat  «,  are  faced  with  brass,  to  avoid  mat,  and  eonnequent  had  fit.  The 
whole  is  protected  by  an  iron  or  wooden  cover,  reaching  to  the  level  of  the  street. 
Air  valwcs  are  bo  lonnr^r  naed  In  city  pipes;  their  place  being 
supplied  by  the  fireplugs  at  average  distances  of  about  160  yards  apart.  Thes& 
being  placed  as  much  as  possible  at  the  summits  of  undulations  In  the  lines  of 
Dipes,  for  convenience  of  waahing  the  atreets,  and  being  frequently  opeced 
war  that  purpose,  permit  also  the  eacape  of  accumulated  air.  ^ 

The  escape  of  eonapremed  air  ibroasb  an  air  walwe,  or    ^ 
•tber  Menlnff,  has  been  known  to  produce  bnrsUna  of  ilae   ^M 
pipes;  for  the  escape  is  inatantaneoua,  and  permits  the  columna  of    ^H 
II  the  pipes  on  both  sides  of  the  valve,  to  rush  together  with  great    ^H 
which  arrest  each  other,  and  react  againat  the  pipes.  ^ 


water  in  the  pipes  on  both  sides  of  the  valve,  to  rush  together  with  great 
forces,  which  arrest  each  other,  and  react  againat  the  pipes. 

Alr^Tesseis,  Motion  is  Imparted  to  the  water  In  a  line  of  pipes,  by  the 
Jwwtrd  atroke  of  the  piston  of  a  single-acting  pump:  but  during  the  hockmtta 
stroke,  this  motion  is  stopped ;  and  the  water  in  the  pipes  comes  to  rest.  There- 
fore, at  the  next  forward  stroke,  all  the  water  has  to  be  again  aet  in  motion ; 
and  the  force  that  must  be  exerted  by  the  pnmp  to  do  this  is  much  greater  than 
would  be  required  if  the  motion  previously  Imparted  had  iMen  maintained 
during  the  time  of  the  backstroke.  The  addition  of  an  air-vessel  secures  this 
maintenance  of  motion,  and  thus  eiftcts  a  great  saving  of  power ;  besides  diroin> 
Ishing  the  danger  of  bursting  the  pipes  at  each  forward  atroke.  It  is  merely  a 
tall  and  strong  air-tight  iron  box,  usually  cylindrical,  strongly  bolted  on  top 
of  the  pipes  Just  beyond  the  pump,  and  communicating  frt^ly  with  them 
through  an  opening  iu  Its  base.  It  Is  full  of  sir.  The  forward  stroke  of  the 
piston  then  forces  water  not  only  along  the  pipes,  but  also  into  the  lower  part 
of  the  air-vessel,  through  the  opening  In  Its  base;  thus  compressing  its  0(*n- 
talned  air.  But  during  the  backstroke,  this  compressed  air,  being  relieved  from 
tlie  pressnre  of  the  puma  expands;  and  in  so  doing  presses  upon  the  water  in 
Ibe  pipea,and  thua  keeps  it  in  motion  until  the  next  forward  stroke ;  snd  so  on. 
>n  air-vessel  also  acts  as  an  oir-mAUm;  permitting  the  piston  to  apply  its  force 
to  the  water  in  the  pipes  gradually:  thus  preserving  both  the  pipes  and  the 
pomp  from  violent  ahoeks.  The  air  In  the  ve«ael,  however,  becomes  by  degrees 
absorbed  snd  taken  away  bv  the  water;  and  its  action  as  a  regulator  then 
senses.  To  prevent  this,  frpsb  air  must  be  forced  into  ihe  vessel  from  time  to 
time  by  a  condenser,  or  forcing  air-pump.  A  dmiJblt-aeiing  pump  does  not  m 
SMceA  need  an  air-veasel.  There  is  no  particular  rule  for  the  siae  or  capacity  of 
alr-veasels.  In  practice  It  appears  to  vary  from  about  5  to  60  times  that  of  the 
pump;  with  a  height  equal  to  two  or  more  times  the  diameter.  A  stand-pipe 
(pee  helow)  la  aometimes  naed  instead  of  an  air-vessel. 

A  stand-pipe  is  sometimes  used  for  the  same  pnrpose  as  an  air-vessel  (see 
iBbove).  It  is  a  tall  pipe,  open  to  the  air  at  top;  and  communicating  freely  at 
its  foot  with  the  water-pipe,  in  the  same  msnner  as  In  an  nir-veneT.  Its  top 
most  be  somewhat  higher  than  that  to  which  the  pump  has  to  force  the  water 
through  the  system  of  pipes;  otherwise  the  water  would  be  wasted  by  flowing 
over  Its  top.  The  area  of  its  traiiaverse  section  should  be  ai  least  equal  to  tliat 
of  the  pipe  or  pipes  which  oondiiet  the  wnter  from  M;  but  it  is  at  times  better 
to  have  it  mnoh  larger,  aa  a  atsnd-pipe  may  then  answer,  especially  in  a  small 
town.  a»  a  retervofr.  if  the  pumping  should  cease  for  a  few  hours.  A  stand-pipe 
should  be  cylindrical,  not  conical;  for  if  thick  ice  should  form  on  top  of  trie 
water  in  a  conleal  one.  a  audden  forcing  of  it  upward  by  the  pnmp  might  strain 
the  atand-pipe  aerionsly.  The  stand-pipes  connected  with  the  Philadelphia 
Water- Works  are  from  125  to  170  feet  high :  5  feel  diameter :  and  made  of  riveted 
lH»iler'4rnn  about  9^  inch  thick  near  the  base,  and  about  \4  '"ch  near  the  top. 
Th<*y  have  no  protection  fWmi  the  weather;  nor  aro  they  braced  In  any  manner; 
)»ut  retain  their  posHlook  by  their  own  inherent  atrengtl^  although  izposed  at 

Umes  to  violeDt  winds.  igit,ze«»byX5  »  •- 
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Art.  14«   The  serYlee-ptpes  for  sapplylniT  simple  dwelliain^ 

•re  of  ]aad ;  and  of  ^  to  j^  incu  bore.  They  are  oonnected  with  the  street  nuunt. 
n  n,  Fig  46,  by  a  brass  terra le,/,  here  shown  at 
Vj  read  siae.  The  dotted  lines  show  iu  J^  inch  bore. 
The  tapering  fermle  is  merely  hard  driven  into  a  cyl- 
indrical bole  reamed  out  of  the  main,  as  at «.  The  lead 
pipe,  o,  is  attached  to  the  other  end  of  the  fermle ; 
OTerlapping  it  about  1^  ins ;  and  tlie  Joint  soldered,  U 
The  extra  thickness  near/,  is  for  goring  proper  shape 
aud  strength  for  hammering  the  ferrule  into  the  miUn. 
The  pipe  aud  solder  are  shown  in  section.  Besides  the 
stopcocks  attached  to  each  senrice-pipe,  and  to  its 
branches  through  the  house,  there  is  an  underground  one  by  whkh  the  city  anthori' 
ties  can  stup  off  the  water  in  case  of  delinquency  in  payment  of  dues ;  and  another 
by  which  the  plumber  can  stop  it  off  when  so  required  during  indoor  repairs,  dal- 
vanlsed  Iron  tubes  are  being  much  used  for  service-pipes,  especially  for  hot 
water;  being  less  subject  to  contraction  and  expansion,  which  prodooe  leaks. 
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Art.  15.  The  so-called  ** corponittoii  stops**  or  ** corporation  cocks" 
•n)  inserted  into  the  pipe  by  a  special  machine,  Pig  46.  Their  great  advantage  ovei 
the  female,  Fig  46,  is  that  they  can  be  Inserted  Into  a  pipe  wben  tise 


Their  great  advantage  over 

nto  a  pipe  wben  tise 

latter  is  ftall  of  water  under  pressure.    Besides, 


■ .'  -1  into  the  pipe,  they  are  in  no  danger 

vi  lii'in^  Juict'tE  uut  Dl  U  lA  any  presiinre  within  it.    As  tbeii' 

Duuie  J iup]i««^t Li e^y  are  rtimifl bed  with  a  stop- valve,  which  is  kept 

d**9<iii  tf  hik'  tlie  mW^  nf  \m\\f  inserted  into  the  pipe,aiid  istban 

i"ii  im]^  liucl  cHu.-rnUy  rpiiknius  Open  permanently. 

1^1 1^1 -^  I H  ffrfti  iif;:  innr  liines,  for  drilling  and  tapping  tkt 

l>:4-t«,  »ui<i  k't  Ltiiactj  itig  tJje^  ritope,are  made  in  avariety  of  forms. 

Fig  46  shows  one  made  b' 

Wi 


P»TBe 

L  Ohio.     B 
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alter  S. 

Oo.,  IViBtoria,  ^ 

of  tliese  machines  is  famished 

with  a  nnniber  of  malleable 

tn^^l-imn.  mildlefl^  which  fit  the  varions  diams  of  pipe 

with  which  H  iM  to  be  used.   The  saddle  is  not  idiows 

in  ib»  ft^.    It  \a  fastened  to  the  pipe  by  a  chain  stan^ 

ftn>uii(]  the  lAiter.    The  chain  is  tightened  by  a  bolt 

anil  nut  At  vtkch  «pd. 

Tlifi  hrajis  €>  Under,  0  C  (into  which  a  tap-and-drill, 
T,  mi^  tlie  Atg|>,  t^,  have  first  been  Inserted),  is  then 
screwed  in  to  tbf^  saddle  by  means  of  the  thread  at  A, 
The  Atn)!  i«  lemrfoimrily  screwed  on  to  a  mandral,  M. 
This  Dinndrel,  aii<i  the  drill-shank,  EL,  pass  throogli 
stiifRiiK^HMCPS  Qmt  in  one  with  the  head  of  the  cyi. 
6y  m*'An«  of  n  lirmdle.  not  shown  in  the  fig,  this  head 
ie  imH  okvr^v^'d  c  while  the  body  of  the  cyi  remaina 

str Miirv)  ^i  .1-  ii>  bring  the  dri]l,T.and  stop,S,inlo 

the  respective  positions  shown  in  the  fig.  When  the 
cyi  head  oomes  to  the  proper  position.  It  Is  stopped  by 
a  lug  inside  of  the  cyi.  The  drill  is  then  inimediatelv  over  the  center  of  a  large 
circular  opening  in  the  base  of  the  cyi,  C  G,  and  over  a  similar  opening,  through  the 
saddle,  to  the  surface  of  the  pipe  to  be  tapped.  It  is  then  poshed  down  until  it 
touclies  said  pipe.  The  ratchet-wrench.  W  W,is  then  set  on  the  square  head  of  the 
drill-sliank,  K ;  the  feeder*yoke,  T,  with  feed  screw,  F,  is  put  in  position  as  aliowB; 
and  the  pipe  is  drilled  and  tapped  by  working  the  wrench ;  whereapoo  the  water  is 
the  pipe,  if  under  pressure,  rushes  out  through  the  hole  thus  made,  and  fills  the 
cylinder. 

By  reversing  the  position  of  the  switch  on  tlie  ratohet  In  the  wrench,  W,  and  by 
working  the  latter,  the  tap  is  now  withdrawn  from  the  hole,  but  remains  in  the  ctL 
The  cyi  head  is  now  revolved  so  as  to  reTsrse  the  positions  of  S  and  T:  the  log  in- 
side of  the  cyi  stopping  the  head  when  the  itop  is  immediately  over  the  hole.  By 
means  of  the  ratchet-wrench,  applied  to  the  square  head  of  the  mandrel,  M,the  stop^ 
8  (the  txUve  of  which  mmU  be  domrd)^  is  now  screwed  into  the  hole,  bnt  only  fiir  enoQ|^ 
to  hold  securely,  aud  thus  prevent  the  farther  escape  of  the  water  tmm  the  pipe 
when  tlie  machine  is  now  removed.  The  stop  is  now  screwed  firmly  into  place  by 
means  of  h  wrench  applied  to  a  square  on  the  stop  itself.  When  the  prss  in  the  pipe 
exceeds  about  200  lbs  per  sq  inch,  the  feeding  apparatus,  as  osed  with  the  <M<  (set 
fig),  may  be  also  used  in  aiding  the  insertion  of  the  stop,  igitized  by  V3OOQIC 
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The  maodrd,  M,  to  made  Ib  two  tonttbc  (oae  of  wU«h  ■nroire  into  fbe  othrr)  !■ 
•rder  that  the  upper  put  may  be  out  of  tlie  waj  of  the  wrench-hiUMlle  while  drill* 
Ing.  It  has  thvee  or  more  diff  thraade  at  its  foot,  to  rait  diif  viaea  of  stop.  Stops, 
made  to  salt  the  machine,  are  ftimisbed  as  wanted. 

The  machine  can  work  in  anj  directkm  radial  to  the  pipe,  and  can  therefora  be 
vsed  for  tapping  a  pipe  in  any  part  of  its  circamference. 

After  the  stop  is  inserted,  the  serrioe-pipe  is  attached  to  iU  outer  end  bj  a.coap- 
Ung  not  passing  over  the  thread  there  shown. 

The  machines  are  guaranteed  to  tap  nader  a  pleasure  of  000  ffts  p«r  square  Incb. 

Art.  15  a.  The  pnennuttle  dome  Figs.  46  a,  and  4«  b,  invented  by 
Mr.  N.  Monroe  Hopkins,  of  Washiiigtou,  D.  C,  is  designed  to  prevent  the  burst- 
Inff  of  water-pipes  in  ft-eezing  weather. 

in  unprotected  pipes,  the  water,  in  freesing,  is  unable  to  expand  longitudi- 
pallr,  and  therefore  firequently  bursts  the  pipe  in  expanding  lat- 
erally. The  domes,  being  placed  in  the  pipe,  as  shown,  at  intervals 
of  about  12  feet,  where  froezing  is  to  be  apprehended,  permit  the 
longitudinal  expansion,  which  pushes  the  loe  in  both  directions 
toward  eaeh  dome,  where  it  eompresses  the  air-cushion  there  pro- 
vided. In  tlie  horizontal  dome,  Fig.  46a,  the  double  inclined  planes, 
east  in  its  lower  side  at  e,  compel  the  two  horizontal  columns  of  ice 
to  rise  into  the  dome,  tnstead  of  merely  abutting  endwise  against 
eaeh  other. 

In  order  to  insure  that  the  domes  in  a  system 
(such  as  those  for  a  house  or  mill  or  on  a  bridge) 
shall  not  be  deprived  of  their  air  by  the  flow 
of  the  water  in  the  pipes  below  them,  an  in- 
spirator is  placed  in  the  pipe  at  the  entrance 
to  the  Bjstem.    Tlie  Inspirator  consists  essen-  Fio.  46  a. 

UaXlj  of^a  constriction  in  the  pipe,  which  in- 
creases the  velocity  of  flow  at  tnat  point,  and  thus  causes  an  indraft  of  air 
through  a  valve  provided  for  the  purpose  (see  Venturi  meter,  page  832).  The 
air,  thus  introduced,  is  carried  along  the  pipe  in  bubbles  between  the  surface 
of  the  water  and  the  top  of  the  pipe,  and  is  entrapped  by  the  domes.  When, 
by  closing  faucets,  etc.,  the  flow  in  the  pipe  is  checked,  the  Increase  of  pressure 
closes  the  valre. 

Severe  testt  of  both  large  and  small  pipes  (4-inch  and  ^-inch),  protected  by 
these  domes,  have  shown  them  to  be  always  eff'ective  in  preventing  rupture^ 


FiQ.  46  b. 
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Art.  16.  Stop-TslYCiM  or  fates,  opening  TMilenn  j  In  grroTM,  ar»  pteeal 

•oitMS  tlio  atreot  pipes  at  iuterTals  of  from  100  to  800  yds.    Their  nee  is  to  sbat  eff 
the  WHter  from  any  section  duiing  repairs ;  the  water  of  such  Mctiona  being  allowad 
lo  mil  to  waste,  and  to  soak  into  the  ground. 
The  details  are  much  varied  by  diff  maker*. 


Fiir.  47. 


Fiff.  48. 


Figs  47  and  48  show  such  a  gate.  The  valve,  v,  is  cast  in  one 
piece.  When  down,  as  in  the  figs,  it  closes  the  pipe.  It  opens  vert 
by  means  of  a  screw,  D,  the  valve  rising  Into  the  cast-iron  case  or 
box,  B  B,  and  leaving,  when  all  the  wav  up,  an  opening  of  the  full 
diam  of  the  pipe.  The  screw  is  turned  by  a  wrench  fitting  on  Its 
square  hcnd,  n.  The  screw,  D,  itself,  is  prevented  from  moving  vert 
hy  the  collar,  C. 

The  two  principal  castings  which  compose  the  box  or  cover  are 
bolted  together  by  means  of  flanges,  g.  The  joint  faces  of  the  cast- 
ings are  carefully  smoothed;  and  a  thin  strip  of  lead  Is  inserted 
between  them,  as  a  precaution  against  leaks.  The  recess,  R,  admits 
small  particles  of  foreign  matter  which  might  otherwise  prevent  the 
gate  from  dosing  perfectly.  The  valve  seats  are  faced  with  Babbitt 
metal.  At  the  top  of  the  cover,  the  screw  stem  passes  through  a 
Btufflng-box,  which  prevents  leaking  at  that  point. 
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Bore. 
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ins. 
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lbs. 

Bore- 
Ina. 

Wt. 

lbs. 

Bore, 
ins. 

Wt 

lbs. 

2 
3 

4 
5 

32 
55 
116 
135 

6 

7 
8 
10 

195 
245 
290 
439 

12 
14 
16 
18 

600 
843 
1080 
1475 

20 
24 
30 
86 

170G 
2750 
6400 
8300 

Art.  17.  Fig  40  shows  an  anmngnnient  with  eutalde  screw  for  raising 
%wl  lowering  the  valve.  Here  the  screw,  D,  does  not  revolve,  bat  is  attached  to  the 
valve,  and  rises  and  fulls  with  it,  being  raised  or  low- 
ered by  turning  the  wheel,  W,  at  the  center  of  which  is 
a  uut  through  which  the  screw  passes.  The  nut  14  fixed 
in  the  wheel,  and  is  so  couflued  that  it,  and  the  wheel, 
cannot  move  vertically. 

Art.  IS.  A  four-way  atom  or  fonr-way 
valve.  Figs  60  and  51,  is  placed  at  the  intersection  of 
two  mains ;  the  four  ends  of  which  areattached,  respec- 
tively, to  the  four  openings,  M  M  M  H.  At  the  bottom 
is  an  additional  opening,  connecting,  by  means  of  an 
elbow,  H.  with  pipes  running  to  afire-hydrant  at  the 
street  cnrb.  See  .Arts  2U  and  21.  Two  or  more  of  such 
bottom  openings  may  be  made,  if  desired,  for  the  sup- 
ply of  as  many  fire-hydrants.  All  of  the  openings  are 
opened  or  closed  at  one  time  by  raising  or  lowering 
the  valve  or  ping,  P,  by  means  of  a  wrench  or  key  ap- 
plied to  the  square  head,  S,  of  the  screw  stem.  As  m 
FiffS  47  and  4A,  tlie  screw  tnrns,  but  is  prevented  from 
rising  and  falling,  and  the  ping  moves  up  and  down  on 
the  screw. 

Inasmuch  M  all  sediment  escapes  into  the  bottom 
opening  which  leads  to  the  fire-hydrant,  the  valve  is  not 
liable  to  clogging  throngh  this  cause.     The  flre-hy* 


( 


Fi8.4Q 


Fig,  SO 


iria.si 


draut,  W intc  fed  from  both  uf  the  mains,  obtains  a  fuller  supply  than  would  be  possi- 
ble if  it  were  fed,  a«  usual,  through  only  one  main. 
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Art.  19.  WhateTer  the  s^Ie  of  the  gate  may  be,  it  is,  when  attached  to  tha  piM 
eted  by  «  sarroimdiiiff  Ik»x,  generailj  of  plaak  or  oaHt-iron,  with 


Mroteet 

four  sides. 


\ 


bur  sides,  which  taper  so  that  the  lx>x  is  of  smaller  hor  sectioo  at  top  than  at  bottom, 
it  is  opeu  at  bottom,  but  has  a  movable  irou  top,  lerel  with  the  street.  This  top  is 
taken  off  wlien  the  valve  is  to  be  opened  or  dosed,  or  inspected.  Two  of  the  oppo> 
site  sides  of  the  box  of  course  have  openings  for  tlie  passage  of  the  pipee  to  or  Itdb 
the  Talve. 

The  gates,  especially  of  large  mains,  must  be  closed  very  slowly.  Otherwiae,  the 
too  sadden  arresting  ot  the  momentum  of  the  flowing  water  would  be  ^t  to  break 
either  them  or  the  covers;  or  burst  the  pipes.  As  a  precaution  against  this,  the 
covers  for  very  iarse  valves  are  cast  with  outside  strengthening  ribs. 

No  self-acting  air-valyes  (FiR  44  A)  are  now  placed  at  street  summits,  to  allow 
eonflned  air  to  escape.  The  flre-ptugs  answer  Instead.  The  rad  for  hor  beoda  In 
mains  is  it  possible  not  less  than  about  12  times  their  diams:  theyare  made  as  Iarse 
as  the  widths  ot  the  streets  will  admit :  usually  about  50  ft.  Flre-plags*  Flsa 
52.  (£c  are  placed  as  much  as  possible  at  summits,  so  as  to  serve  also  for  waahliK 
the  streets  ;  and  for  the  escape  of  accumulated  air.  They  avenge  about  8  In  nuiD- 
ber  to  each  mile  of  pipe ;  or  i  to  each  block  ot  bufldlnga 


lire  HydrmitM. 
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Art.9e.  Fig  52  reprMents  i 


eommon  street  flre-plnip,  or  flre-bydniBt. 

The  valve,  p,i3  of  layers  of  weU- 
lummered  sole-leather;  and,  when 
closed,  shuts  against  a  brass  ring 
seatf  o,  which  is  confined  to  its 
pUcc  by  a  lead  joint.  The  valve  is 
opgpcd  by  working  down  the 
■crew,  «,  which,  by  means  of  a 
•wivel  joint  at  a,  can  revolve 
without  turning  the  valve-rod,  y. 
When  the  valve,  e,  is  closed,  after 
the  plug  has  been  in  use,  the 
chamber,  c,  is  full  of  water,  which, 
n  allowed  to  remain,  would  be  in 
<^nger  of  freezing,  and  of  bursting 
the  plug.  But,  in  closing  the 
valve,  we  raise  the  flange,  Z,  on  the 
rod,  and  thus  allow  the  water  to 
escape  through  the  opening  at  L 
whence  it  runs  to  waste  into  the 
^^,  ground,  through  the  open  lower 
, .  .-    .  ,     ..      C  '  *™?  ^{  *^®  fr««t-J»«ket,  j  j\ 

1  T h i*  V  '.V   ™*'"  "  •  hollow  cast-iron  oylin- 

i!r!V;  r  ;^^i^nL^^  der  surrounding  the  working  parts 
-»---jK>;;AW  of  the  hydrant.  BeingTr^to 
slide  vert  it  rises  and  falls  when 
the  level  of  the  ground  kb  dis- 
turbed by  frost,  and  the  hydrant 
is  thus  protected  against  injury 
from  this  cause. 

^  The  top,  t,  of  the  hydrant  case, 
IS  cast  m  one  piece  with  the 
chamber,  e. 

The  stopper,  e,  screws  on  over 
the  noaxle,  n. 

Art.  21.    In  Pigs  53.  54,  55, 
*"•  ^^l^*'  ▼  ▼»  ■•  •  alidina 

•»«•  ^The  stem,  y,  Fig  53,  to 
which  the  screw,  «,  is  attached,  is. 
hke  that  m  Figs  47  and  48,  pre! 
vented  from  moving  verthya,  col- 
lar, fast  to  It  near  its  top,  and  con- 
fined m  a  cuxmlar  groove.  When 
trie  rod  and  screw  are  made  to  re- 
volve, by  means  of  a  wrench  ap- 
plied to  the  square  head  of  the 
^rmer,  the  valve  slides  up  or 
down  on  the  screw,  admitting  the 
water  to,  or  shutting  it  off  from, 
the  two  guides,  a  a  which  ari.  om*  i«  ««-  ..•  *°®  J^ydrant.   The  valve  slides  on 

aides  of  tSrWef  iiTSr  thl^ySi,r  Ite  cS^lA/f ^KT^^^^'  •T^'^  ^*^«.  ^^"^  '^ 
t«Jt  with  the  hycfrant  case  A  2Tf^  iSJkl  „   '«*•  ^^^e  it  comes  into  con- 
against  a  siniihi  ring  ^4  of  BihwTf  I^l*  f  f^r^eta^  rm«.  c  e,  which  beam 
iriieiralbMri«frT»  ♦fcTlf  j  '***>*>"t  metel,  let  into  the  hydrant  case 

a  "rSSSl^fe^rf' Siut  I?  iiS*^^^ 

ThM  hol^  irat\n«.k  L  k.      *^J°.    ™*.™'  ^^^  through  the  guide,  a,  and  case  X 

^^j^^,  »  cjosea  oy  tne  plate,  p,  and  remains  so  until  the  valve  is  again  entirely 
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Test  llorlnicfl.  FIrs  1  and  2  show  a  tool  for  bortsv  ini*  ■•tlo, 
•lay*  Muad,  or  yntTel*  even  when  quite  indunitwl,  or  wh<^n  froBeo.  It  will 
Dot  bore  through  bard  rock,  or  throogb  large  boaldera.  U 
conaiats  of  two  sheet-Iron  cylindrical  eegments  8  S.  called 
**  pode,"  liaving  their  lower  or  cutting  edges  sltod  with  ateeL 
These  edges  project  (as  shown  in  Vig  1)  lieyond  the  sides  of 
the  anger,  and  thus  malce  the  bole  larger  than  it,  so  that  it 
cannot  bind  or  stick.  The  two  cutting  edges  are  eqaidistaat 
from  the  Tert  oen  line  of  the  tool,  and  this  Insures  a  straigtt 
and  vert  hole.  At  a  the  anger  Is  attached  to  the  lower  enl 
of  a  vert  boring  rod  composed  of  a  number  of  1^-inch  saoara 
iron  bars,  or  2^iDch  iron  tubes,  about  10  to  IS  ft  loBg; 
jointed  together  at  their  ends  by  means  of  sqnare  BOcka» 
Joints.  At  the  top  of  this  boring-rod  is  a  swirel-hook,  bf 
means  of  which  the  entire  apparatus  is  hung  to  the  end  of  ■ 
Fia  1.  Flo  2.     rope,  which  passes  over  a  pulley  nt  the  top  of  a  derrick  oc 

trip«)d,  and  down  to  a  dram  worked  by  a  windlass  and  g«ai^ 
log.  By  means  of  this  drum  and  rope,  the  anger  and  boringn^  (which  at  first  ooq> 
sists  of  only  one  bar)  are  lifted,  and  siupended  over  the  intended  hole.  The  anger 
is  th(*n  lowered,  and  rotated  hor  by  two  men  or  one  horse,  working  at  the  ends  of 
levers  which  grip  the  boring-rod  a  ff  w  ft  above  the  ground.  The  swivel  at  the  top 
of  the  lx>ring>rod  permits  this  rotation  to  take  place  without  twisting  the  ropoL 
The  shape  of  the  auger  is  such  that  its  rotation  feeds  or  screws  it  into  the  gromul: 
and  the  man  at  the  windlass  has,  during  the  boring,  merely  to  keep  the  rope  tight, 
BO  as  to  prevent  the  auger  i>om  boring  too  fhst,  and  becoming  clogged.  In  about  8 
revolntioQS  the  auger  nils  with  earth.  By  means  of  the  windlass  it  Is  then  raiaed 
to  about  2  ft  above  tlie  ground;  and  by  nnkeying  and  removing  the  liand  b  the  angei 
is  opened  like  a  pair  of  tq^gs,  and  the  earth  emptied  into  a  wooden  box  which  baa 
in  the  meantime  been  plaoad  over  the  hole.  The  box  is  then  removed  and  emptied, 
and  the  twring  proceo(hi  as  before.  When  the  Iwring  lias  reached  a  depth  of  about 
10  ft,  a  second  bar  moat  be  added  to  the  top  of  the  rod.  For  this  purpose  the  rod 
and  auger  are  raised  a  few  inches;  a  slight  fhime-work  of  l)oards  is  placed  on  the 
ground,  close  to  the  boriug-rod  and  surrounding  it;  and  a  flange  is  claaped  tightly 
to  the  rod  just  above,  and  close  to,  the  framework.  The  framework  and  flange  now 
support  the  rod  and  auger;  the  swivel-hook  and  rope  are  removed,  and  attarli«d  to 
the  upper  end  of  the  second  bar,  which  is  then  raised,  and  its  lower  end  is  fa!it<»ne«l 
Into  the  socket-joint  upon  the  top  of  the  flratone.  The  rope  Is  then  drawn  tight; 
the  flange  removed;  the  auger  lowered  to  the  bottom  of  the  hole;  and  the  boring 
resumed.  Addilionai  lengths  of  boring-rod  are  attached  in  the  same  way  from  tiiaa 
to  time,  as  required  by  the  descent  of  the  auger. 

The  borers  may  be  made  from  6  to  18  i  nehes  in  diameter,  or  larger.  If  desired, 
the  boring  may  be  made  from  24  to  36  ins  diam  by  attaching  a  reamer  to  the 
auger.  Tbi»  auger  will  boi-e  to  a  depth  of  100  ft  or  more  at  the  rate  of  from  5  lo 
2U  ft  per  hour,  it  removes  atones  &»  large  aa  half  the  diam  of  the  hole.  In  dry 
aoila  a  buckeiful  o(  water  is  poured  into  the  hole  each  time  the  auger  is  raised. 

This  borer  may  be  advantageously  used  in  l>oring  the  holea  for  Mind  piles, 
and  at  times,  instead  of  drivinfir  wooden  piles,  it  may  be  better  to 
plant  them  (butt  down  if  preferred)  iu  holes  ijored  by  this  auger:  rammiug  the 
eiirth  well  urouud  them  afterwards.  This  will  save  adjacent  builaings  from  the 
jarring  aud  injury  doue  by  a  pile  driver. 

If  ftand,  mud,  or  looae  nr'A^^i  Is  reached  in  boring  with  this  tool, 
the  hole  is  reamed  out  4  ins  larger,  aud  a  tnbingr  of  inch  boards  is  inserted 
into  the  hole,  and  driven  into  aud  through  the  sand  or  gravel,  which  la  then 
removed  from  within  the  tubing  by  means  of  a  sand-pnmp,  consisting  of  a 
hollow  iron  cylinder,  about  6  ins  diam  X  30  ina  long,  with  a  valve  ai  ita  foot. 
opening  upward.  The  sand-pump  is  lowered  to  the  bottom  of  the  hole ;  coverea 
with  water  lo  u  depth  of  2  lo  4  ft,  aud  churned  quickly  up  and  down  4  to  6  ins, 
by  hand,  20  or  30  times,  during  which  the  sand  fills  the  pump,  which  is  then 
drawn  up  and  emptied.  From  10  to  20  ft  In  depth  of  sand,  mud.  Ac,  per  hour 
can  thus  be  taken  from  a  6  to  IS-inch  bole.  This  pump  is  altso  used  for  removing 
broken  earili.  Act^  Ironi  a  hole  bored  iu  compact  earth  by  the  borer  first  described. 
The  eosi,  with  derrick,  boriuK-rod8,  rope,  sand-pump,  Ac,  Ac,  complete^  is 
about  S175.  The  aujiper  ivelffhs  from  150  to  2U0  lbs,  according  to  aixe. 
'3oriug-rod  1^  ins  sq,  8^  lbs  per  ft.    Derrick,  150  lbs. 

The  iiand*borer.  Figs  8  and  4,  like  the  sand-pump  lust  described,  la  used 
inside  of  tubiug,  and  for  the  same  purpose.    The  hollow  iron  cylinder  G.  10  ina 


e  aujipe]    

Boriug-rod  1}4  ins  sq,  SyJL  lbs  per  ft.    Derrick,  150  lbs. 

""■" -»  -  ^rer,  Fl^s  8  and  4,  like  the  sand 

le  same  purpose.  1'he 
vertically  on  the  rod,  bv 
w  and  around  the  cy  1  ke 
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diam  X  80  ins  long,  slides  vertically  on  the  rod,  but  the  screw  is  fast  to  tne  rod. 
While  boring,  the  sand  below  and  around  the  cy  1  keeps  it  in  the  poaitlon  shown  in 
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tig  9.  Hz  reTolntloDs  of  the  rod  nod  wcnw  fill  the  cyl  with  mod.  The  rod  Is  thei 
llfl^dU  This  Ant  dmws  the  eerew  ap  into  the  cyl.  as  Id  Fig  4;  and  n  valve  at  the 
Ibot  of  the  screw  closes  the  bottom  of  the  cyl,  ana  prevents  the  sand 
flrom  fitlling  out  when  the  borer  is  lifTed  from  the  hole.  The  rod  is 
iKillow,  and  open  at  top  and  bottom.  This  allows  passage  of  the  air, 
end  thas  prevents  resistance  from  suction  in  wiiiidrawing  the  borer. 
This  tool  is  rotated  and  withdrawn  in  the  same  way  as  the  earth  borer 
first  described.    Cost  about  $30. 

Steel  prospeetlnfT  au|perfi,-fVom  2  to  4  ins  diara,  and  2  ft 
long,  are  used  for  boring  holes  from  2V^  to  6  ins  diaro,  and  to  depths 
of  10  to  50  ft,  into  day,  sand,  or  flae  frrairel.  of  all  of  which 
they  bring  up  samples.  Tber  are  turned  by  wrencoes,  and  by  man 
or  horae  power.    See  also  p  674. 

The  borlafr  ^ool  shown  In  Tert  section  by  Flgr  6,     rios  8, 4. 
and  in  hor  cross  section  liy  Fig  6,  is  very  useful  for  borlns  snal* 
low  holes  by  hann  thronfrh  snrAtce  solls^  clay,  and  gravel,  and 
bringing  up  samples.    The  borer  proper  consists  of  a  cylinder  of 
spring  steel,  3  or  4  ins  diam,  and  4  or  6  ins  high,  with  sides  ^ 
Inch  thick,  having  a  vert  slit  (see  cross  section)  throughout  its 
height,  and  beveled  to  a  cutting  edge  ail  aronnd  its  foot,  as 
shown  in  the  vert  flection.    At  its  top  it  is  riveted,  as  shown,  or 
welded,  to  the  inverted-e^haped  forging,  which,  by  means  of  the 
socket  at  Its  top,  is  screwed  to  a  length  of  gMS-pipe  which  servee 
as  a  handle,  and  to  which  other  pieces  ace  Joined  by  sockeU  as 
boring  proceeds. 

The  boring  is  done  by  two  men,  who  grasp  the  handle,  and, 
holding  the  tool  vert,  drive  it  into  the  ground  by  repeatedly 
lifting  it  and  forcibly  bringing  it  down  upon  the  same  spot.  As 
the  tool  strikes  the  ground,  the  beveled  shape  of  its  cutting  edge 
lansee  it  to  0|)en  slightly,  and  when  the  downward  pres  is  re- 
lieved in  lifting  it.  it  springs  back  and  grasps  the  earth  which 
has  entered  it.  It  soon  fillsi.and  the  men,  finding  that  it  censes 
to  penetrate  rendily,  lift  it  to  the  surfiftce  and  empty  it.  The 
eharacter  of  its  contents  fh>m  different  depths,  measured  along 
the  handle,  is  noted  from  time  to  time. 

Id  six  days  of  8  hours  each,  three  men  (one 
lesting  at  intervals)  using  one  such  auger 
between  them,  boreo  20  holes,  averaging  0}^ 
ft  each,  ni  loem,  gravel,  day,  and  deoom* 
•oeed  mica  schist,  at  a  cost  of  22  cts  per  foot.  Ai 
Wages  of  eecli  man,  $2  per  day. 

For  work  in  loam,  clay,  or  non-mnnlng 
•and,  an  eflTectlire  screw-aufirc  can 
be  miade  by  any  good  blacksmith,  by  merely 
Ibrming  a  one-inch  sq  bar  of  iron  or  steel  ^iq  ^ 

Into  corkscrew  shape  about  2  ft  long,  with 
t  complete  turns  6  ins  In  dhuu ;  Its  tower  end  sharpened  to  form  a  vertical  cutting 
edge,  which  should  project  say  .6  of  an  inch  beyond  the  spiral  of  the  screw,  in  ordei 
to  diminish  friction.  It  will  bring  up  full  samples.  Requires  a  derrick,  or  some 
other  simple  mode  of  lifting,  when  the  screw  is  fulL 

Artesian  Well  Drllllnfr.  Deep  vert  holes  in  earth  and  rock,  6  and  8  Ins 
In  diam,snch  as  arereqd  forariesian  wells  for  water  and  oil,  and  for  mining  explora- 
tions, are  drilled  by  repeatedly  lifting  and  dropping,  in  the  same  vert  line,  a  heavy 
iron  bit.  Fig l.p  678,  with  a  steel  cutting-edge.  The  bit  is  partly  revolved  horizon- 
tally  after  each  blow,  to  insure  roundness  of  hole.  The  length  of  the  cutting-edge 
of  the  bit  is  a  little  greater  than  the  diam  of  the  bit,  and  the  hole  Is  thus  made  suf* 
llciently  large  to  prevent  the  bit  from  binding  in  It. 

The  bit  is  the  lowest  one  of  a  series  of  iron  and  steel  bars,  Ac,  screwed 

together  at  their  ends,  and  called  a  ^strinfr  of  tools."  The  string  of  tools 
varies  ic  length  from  2ft  to  60  ft,  according  to  the  size  and  depth  of  the  hole,  and  the 
hardness  of  the  rock;  and  its  diam  throughout  (above  the  cutting-edge)  is  an  inch 
•r  two  less  than  that  of  the  hole.  lis  weight  is  from  8()0  to  4000  lbs.  Its  upper 
BMmber  is  always  a  ** rope-socket,**  Fig  4  (mthoui  a  swivel),  to  which  the  lower  end 
of  the  snpporting  rope  eable  is  attached.  This  cable  passes  up  out  of  the  hole  to 
m  hor  leTer«  which,  by  means  of  a  horBe-|»ower  or  steam-engine,  is  kept  con* 
•tantly  oioTinf  up  and  down  with  a  see-saw  motion.  The  string  of  tools,  with  the 
esttingedfeor  the  bit  at  Its  lower  end,  is  thus  altemstely  lifted  from  8  to  4  ft,  and 
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let  lUI,  Itom  90  to  60  tlniM  per  miniite,  and  m  drilli  Ita  wsy  tolo  tb«  nik  «r  Mrflk 
From  4  to  10  ft  in  depth  of  water  are  kept  iu  the  bole,  to  fiMsllitate  tbo  drniiBg  tmi 
the  removal  of  debriti.  After  water  Is  reached,  the  drilling  nmj  be  oontlaoed,  e««a 
if  the  hole  is  fUIl  of  water ;  bnt  a  great  deptb  of  water  of  oonrM  dimlnirtwe  tho  font 
of  the  blows  of  the  bit.  A  suitable  arrangement  must  be  prorided  ibr  pajrteg 
oat  tlie  rope  as  the  boring  tool  desoends.  A  clamp  is  attached  to  tne cable; 
and  the  man  in  change,  bj  turning  tbe  clamp,  twists  tbe  rope,  and  tbas  tasraa 
the  bit  lioiisontallir  about  one-fifth  of  a  revolatioa  after  each  stroka,  unia 
six  or  eight  complete  reTolutlons  hare  been  made  in  one  dlrsction.  Ha  tbaa  r»> 
▼ersee  tbe  motion,  and  makas  an  aqaal  number  of  tnnis,  at  the  same  rato^  In  tks 
opposite  direction. 

After  drilling  a  few  feet,  the  string  of  toote  is  Ufted  ont  of  the  hole  bv  aeaas  of 
the  cable,  to  allow  the  removal  of  the  debris  which  has  aocaBoiated  la  the 
bole.  Thin  is  done  by  means  of  a  Mtnd-pamm  which  is  a  sheet-iron  cjUnder. 
■ay  4  Ins  dlam,  and  4  to  0  ft  long,  pruvided,  at  ite  foot,  with  a  Talve  opening  upward. 
The  pump  is  lowered  to  tbe  bottom  of  the  hole,  and  filled  with  the  mixed  water  and 
debris  by  chnming  it  np  and  down  a  number  of  times.  Sometimes,  In  addition  te 
tbe  Talve,  tbe  pump  is  fitted  with  a  plunger,  which  Is  at  the  foot  of  the  pnmp  wh«tt 
the  latter  is  Int  down  to  the  bottom  of  tbe  hole.  The  plunger  Is  thsn  drawn  ap  Into 
the  pomp,  and  the  debris  follows  it.  In  edther  case,  the  pump,  when  filled.  Is  lifted 
ont  of  the  hole  and  emptied;  the  string  of  tools  is  again  lowered  into  the  bole,  aiid 
the  drilling  resumed.  The  debris  must  be  remoTod  after  e?ery  8  to  6  ft  of  drilling. 
Otherwise  it  would  interfiBro  too  greatly  with  the  action  of  the  bit. 

Welle  are  aiinally  drilled  nrom  6  to  9  ina  dian.  Ibr  dlaaa  leas 
than  6  ins,  the  tools  are  so  slender  that  they  are  liable  to  be  broken  In  a  deep  hole. 

The  same  apparatus  is  used  for  drilliiMr  tbrowgli  tlie  earth  afcen 
the  roek,  before  the  latter  is  reached.    This  la  called^ spudding.**    In  thta  caae 
the  sides  of  the  hole  must  be  prevented  from  caring  In.  ~     '" 
Iron  pipe  of  such  dbim  as  to  fit  the  hole  cU     ' 
the  hole,  and  is  driven  down  fh>m  time  tot 

is  driven  by  means  of  a  heavy  maul  of  osk,  or  other  hard  wo6<L  14  to  18  ins  eqoiifat 
and  10  to  10  ft  long.  This  manl  is  attached,  by  one  end,  to  tna  lower  end  of  the 
same  cable  which,  during  drilling,  snpporta  the  string  of  tooln.  It  is  thus  i  ipua»> 
edly  lifted,  ar^d  dropped  upon  the  head  of  the  tube,  which  Is  protected  by  a  caat-inNi 
**  driving-cnp.**  The  foot  of  the  tube  is  shod  with  a  steel  cuttlngwedge  ring,  or  **eteel 
shoe.*'  When  the  tube  hM  tieen  driven  as  far  as  it  will  readily  go,  the  manl  ia  ra^ 
moTed  from  the  end  of  the  rope;  the  string  of  tools  autotituted ;  and  the  drilling 
resumed  within  the  pipe. 

The  pipe  1m  put  together  In  lengths  of  fWmi  8  to  18  ft,  and  tbo  drillfng  and  pfpa* 


Irom  caving  In.  Vor  thia  purpose  a  wnMwht^ 
B  closely,  and  W  inch  thick.  Is  inserted  fntc 
to  time  as  the  drilling  proceeds.    Tha  pipe 


driving  proceed  alternately  until  the  rock  is  reached,  and  the  Ibot  of  the  pipe  forced 

Into  it  to  a  depth  of  a  few  ins,  or  for  enough  to  shut  off  onicksand  or  sarihoa  watar. 

If  quicksand  is  eneonntered,  the  string  of  tools  is  removed,  and  tha 


aand-pnmp  ia  u«ed  Inside  of  the  pipe. 
For  reamitiflT  out,  or  enlargrlnS'f  holes,  or  for  straiKhteMta^ 

crooked  (mes,  Ac,  special  tools,  such  as  reamers,  Ac,aro  subatltnted  In  plaea  of  tha 
boring  bit. 

Special  care  most  be  Uken  to  have  all  the  rabblnfr  sarlheee  thoin 
OiiKhljr  lubricated.  The  pulley  in  the  mast-hoHd,  and  the  pinloih>whe«ls 
of  the  horse  power  (If  such  be  need)  should  be  well  oiled  every  two  or  ttiree  ht«ra. 

In  very  eold  or  wet  weather,  a  sited  of  roufirl*  boards,  ora  oowr 
log  of  canvaa.  about  8  ft  high,  should  be  erected,  to  protect  the  men ;  and,  If  ateaia 
b  aaed.2  or  8  boards  should  be  need  as  a  covering  fbr  tbo  belt,  which  will  aMp  If  wot 

For  holes  fHim  900  to  lOOO  ft  deep,  portable  drilllnip  oaa- 
Chtnes,*  worked  by  horse  or  steam  power,  are  used.  In  theec  niacbiutv,  the 
drill-rope,  extending  from  the  string  of  tools  up  ont  of  the  bole,  passes  over  a  aheave 
at  the  top  of  a  wooden  mast;  down  to,  and  around,  a  pulley  mat  to  th«  working 
lever;  and  thence,  by  way  of  a  pulley  fixed  at  the  foot  of  the  mast,  to  a  drum  nima 
which  it  is  wound.  To  this  drum  a  friction  and  ratchet  wheel  Is  attached,  for  pay- 
ing ont  the  cable  as  the  tools  descend. 

The  mast  is  hinired  six  feet  above  Its  foot,  so  that  Ite  upper  part  may  be 
hid  hor  when  tbe  machine  is  to  be  moved.  When  at  work,  it  la  held  In  posltloD  by 
two  timber  atmts  or  braces,  bolted  to  it  near  its  top,  and  baring  their  lower  eodi 

hatenedtothe^drtll-Ji     "    ** -  ^^ 

8  ft  wide,  and  4  ft  high,  at 


hatened  to  the  ^drill-Jack,**  which  Is  a  light  and  strong  framework,  •  ft  long, 
at  the  foot  of  the  mast,  containing  tbo  woffclag  laiaar  vhicb 


«  See  Price-list,  S.67. 
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imiaei  tbe  n>p»  sndleti  ft  taR,  tbe  drain  on  wbleh  th«  rope  le  wonod,  thi 

CMD  wldoii  woHc  th«  IflfTer,  Ao.    The  opentor  staDdi  at  the  fool  of  th* 

bT  meuM  of  foot-  aad  band-leveni  within  hte  reach,  regnlatea 

all  tbe  moTenenta  of  the  nuichine.    One  of  theae  goTerna 

tbe  pawl  and  ratehet  wh«el  regulating  the  paiiiq;  out  of  the 

•able.    By  letting  the  ratchet-wheel  of  the  amm  more  one 

notch,  Iba  bf  t  ia  fed  down  quarter  of  an  inch. 

The  <qwrator,  by  moTiog  a  slide  with  hfa  foot,  bolda  tho 
working  lever  down,  ont  of  reach  of  the  cam,  thna  stopping 
tbe  op-and-down  motion  of  the  rope  and  tools.  By  meana 
of  another  lever  be  can  now  pnt  the  rope-drnm  In  gear  with 
tbe  main  driTlng-ahaft,  so  ttuit  the  rope  la  wound  up  on  the 
dram,  and  the  toola  drawn  np  ont  of  the  hole.  Another 
lever  oontrola  the  aeparate  reel  on  which  the  light  rope,  car- 
rying tbe  aand-pnmp,  ia  wound.  All  tbeae  operations  are 
performed  by  the  same  jiowcr  (horse  or  ateam,  aa  the  case 
may  be),  which  worka  on  without  atopping;  the  variona 
ebaogea  being  made  by  merely  throwing  the  different  parta 
into,  or  oat  of,  gear  with  the  main  drlTinMhaft. 

Omm  •t  these  porUtble  machines  requires 
two  boraea  or  a  amall  ateam-engine,  a  man  to  attend  tbe 
■ame,  and  another  man  to  operate  the  machine,  empty  the 
•aad-fNimii,  change  the  toola,  fto.  It  can  be  tranaported  on 
s  fbnn  wagon  over  any  common  road.  Two  men  can  nnload 
It,  aet  It  ap,and  commence  drilling,  in  two  hours;  and,  nn- 
IsM  ataan  ia  preferred,  the  two  boraea  need  for  ita  transpor- 
tatloB  ftumiah  the  motive  power.  The  machine  can  be  taken 
down  and  reloaded  in  the  wagon  In  two  hoars. 

Figs  1  to  4  enow  the  teohi  ns««l  with  these  mia- 
•hlmes.  For  tbe  dlfferant  aiaea  of  machine  they  differ 
lUefly  in  their  dimensions  and  weights. 

Fig  1  shows  tbe  drt Ulnar  hit,  which  is  30  to  86  ins 
long,  and  weighs  about  100  lbs.  Its  lower  or  cutting 
edge  ia  6  ins  long.  Its  top  is  screwed  into  the  foot 
9t  the  **  Anrer-stem.**  Fig  2,  which  ia  of  8>lnch 
nrand  fron,  IS^fl  long,  and  welghis  SiSO  lbs.  Its  use  ia  that 
of  a  weight,  giving  additional  force  to  the  blows  of  the  bit. 
Ita  top  ia  aerewedlnto  the  foot  of  the  ^  drlll-Jitns^  Fir  _ 
S :  and  to  the  top  of  these  ia  screwed  the**  rope-soeket.''  -pxa  t 
Fig  4,  to  whieb  the  drUllDg  cable  la  attache<C  If  the  Mt,  '  J 
•r  anger-stem,  heeomeswedMd  In  the  hole 
hjr  any  means,  the  operator  atopa  the  churalng  motion 
of  the  toola,  and  the  rope  ia  let  out  about  12  Ina.  This  per- 
alta  the  opper  link  U  of  the  drill-Jara,  Fig  8,  to  slide  down 
about  12  Ina  In  the  alot  8  In  their  lower  link.  The  cbnrn- 
log  motion  ia  then  atarted  again,  and  the  upward  jerk  of 
the  link  U  againat  tba  opper  end  of  the  alot  loosens  tbe 
tools. 

Tbeae  madilnea  are  made  In  a  number  of  aiaea,  to  drill 
bolea  from  900  to  1000  feet  deep.  The  string  of  tools  weighs 
from  800  to  1800  Iba. :  and  the  machine  complete  inclnding 
loola^  rope^  meat,  etc,  hot  exclusive  of  power,  from  1800  to 
4600  Iba.  They  ooet  fh>m  fTOO  to  $1600  exclnaive  of  power. 
The  amaller  aiaea  may  be  worked  by  borae  power.  A  horae 
power  weigha  about  800  Bml,  and  coata  about  $76.  0team 
engioe,  1000  to  3000  Iba.,  $160  to  $800. 

For  wells  flrom  lOOO  to  3000  Ibet  deep,  a 
atatlonary  machine,  with  a  walking-beam,  la  need,  similar 
to  thoea  employed  in  the  oil  regions  of  Pennsylvania.  A 
■quace  pyramidal  derriek  ie  erected,  74  feet  high,  20  feet 
amaareatbaaa^4feataqaareattop.  Each  of  ita4eoreerlega 
h  of  S  Inch  X  9  loch  and  2  lueb  X  10  Inch  planka,  apiked 
together  ao  aa  to  form  a  10  Inch  X  10  Inch  angle>pieoe,  2 
Inehea  thick.  Tbe  lege  are  braced  together  by  horisontnl 
and  diagonal  timbers.  The  walking-beam  ia  of  ffmber,  20 
feet  long,  12  inehea  wide,  and  26  Inchea  deep  at  the  middle 
of  lis  length,  where  It  ia  pivoted  to  the  top  of  a  wooden  poet  Fio.  1. 
18  inehea  aquare  and  IS  feet  high,  called  a  *<8amaon  post** 
Thla  post,  at  ita  foot,  ia  dovetailed  into  the  main  aill  of  the  machine, 
inchea  wide  X  24  inchea  deep. 
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The  motiTe  power  !■  a  l&>hp  steam-engine,  which,  1^  meuwvr  a  belt  Bad  pnllej 
eraiik  and  pitman,  working  at  one  end  of  the  walking^beam,  girea  to  the  latter  iU 
pee-eaw  motion.  To  the  other  end  of  the  beam,  and  Immediately  OTer  the  well,  is 
•ospended,  by  means  of  a  hook,  a  **  temper-screw.**  This  last  is  composed  of  two 
ban  of  iron,  about  ^  X  2  ins,  5  ft  long,  hong  2  ins  apart,  fastened  together  at  theii 
top  ends,  at  which  point  there  is  an  eye,  which  is  suspended  on  the  walking-beam 
hook.  At  the  liottom  of  the  two  bars  there  is  a  sleeve-nut,  and  between  the  two 
bars  and  passing  through  the  nut,  is  a  screw  6  ft  long,  at  the  bottom  of  wbicli  th^re 
is  a  head,  which  carries  a  swWel,  set-screw,  and  a  pair  of  clamps.  These  gmap  the 
cable,  2  or  2^  ins  diam,  which  carries  at  its  lower  end  the  strinv  oi  t^ola. 
This,  for  a  2000-ft  hole,  consists  of  a  steel  bit,  8  or  4  ft  long,  weighing  200  to  400  Ibe, 
an  augei^stem  of  4  or  5-inch  round  iron,  from  24  to  80  ft  long,  and  weighioc  frosi 
1200  to  2100  lbs;  steel-lined  drill-Jars  8  ft  long,  weighing  000  to 700  lbs ;  a  sinker-bw 
of  round  iron  of  same  diam  ss  the  auger-stem,  12  to  16  ft  long,  and  weighing  from  600 
to  1100  lbs ;  and  a  rope-socket,  2U  ft  long,  weighing  200  lbs.  Total  length  of  striDft 
of  tools,  50  to  60  ft,  total  weight,  8000  lbs ;  or,  for  an  8-iuch  hole  in  the  hardest  rock, 
4000  lbs.  The  slnker-lmr  is  added  to  give  additional  wt,  and  thus  to  assist  ia 
pulling  the  cable  down  through  the  water,  either  in  lowering  the  string  of  t«>oU  or 
in  working  the  drill-Jars.  The  shapes  of  the  other  tools  are  given  by  Figs  1  to  4b 
HpeelAl  tools  are  used  for  recovering  articles  tliat  may  be  accidentally  dropped 
into  the  hole. 

The  driUlMir  eable  Is  wonnd  on  a  drum,  called  a  bull-wheel  shaft,  st  the 
foot  of,  and  inside  of,  the  derrick.  While  drilling  is  going  on,  it  passes  from  the 
bull-wheel  shaft  loosely  over  the  sheave  at  the  top  of  the  derrirk,  and  down  to  th« 
clamps  at  the  lower  end  of  the  temperecrew  on  Uie  end  of  the  walking-beam.  As 
the  drilling  progresses,  the  temper-screw  is  turned  or  fed  out  by  the  man  in  charn^ 
who  also,  by  means  of  a  clamp,  twists  the  rope,  so  as  to  change  the  poeiiioa  of  urn 
bit  after  each  stroke. 

When  the  tools  are  to  be  lifted  out  of  the  hole,  the  cable  is  disengaged  fh>m  the 
clamps  on  the  temper-screw,  and  is  wound  upon  the  bull-wheel  shaft,  which,  for  this 
purpoee,  is  thrown  into  gear  with  the  steam-engine;  the  pitman  being  at  tlM  same 
time  removed  from  the  crank-pin,  so  that  the  walking-beam  is  at  rest.  As  in  tfie 
portable  machines,  the  sand-pump  is  also  raised  by  the  same  power  which  does  the 
drilling. 

About  10000  ft  b  m  of  ronnrh  Inmber  are  reqd  for  the  derrick,  walk 
lag-beam,  sills,  Ac,  and  about  8000  ft  more  for  sheds  over  the  boiler, engine, and  brit 

Inordinary  hard  limt«tone  rock,  such  a  maclilMe  will  drill  about  IWfi 
yt  hour  under  the  muet  favorable  circumstances.  Two  m^  are  re^uireel  t 
IKM  to  attend  to  the  boiler,  sharpen  the  bits,  Ao,  and  one  to  operate  the  nsdasp. 

In  Pleree*s  maehlne  for  test^horing,  mineral  proapoeting  and  w^ 
boring,  the  pipes  are  driven  by  an  iron  ram,  like  that  of  a  pile  driver,  but 
bushed  with  liard  wood  on  its  lower  or  striking  end.  The  ram  is  worked  l»y  a 
hand  wiuch.  The  pipes  are  in  lengths  of  5  to  10  feet.  After  each  length  is 
driven,  water,*  under  pressure,  is  forced,  bv  a  hand  pump,  through  a  bullow 
drill  rod,  into  the  bottom  of  the  hole,  while  the  drill  rod  is  churned  up  auU 
down  by  hand.  The  water  forces  the  drillings  (mud,  sand,  gravel,  eto.)  to  the 
surface.  The  smallest  machine  drives  2  to  8  inch  pipes;  the  largest,  2  to<  indk 
The  machines  are  in  detachable  parts,  weighing  from  10  to  65  lbs  each.  Foui 
upright  Iron  pipes,  which  carry  the  head  casting  and  crown  pulley,  act  as  guides 
for  the  ram,  their  ends  fitting  into  sockets  in  castings  at  their  neads  and  teeL 
The  driving  rams  are  made  in  sections  which  are  oolted  toseiher.  In  the 
smaller  machines  the  weight  of  the  ram  may  thus  be  made  from  100  to  900 
pounds,  and,  in  the  larger  machines,  from  100  to  2,000  pounds,  as  required. 
Borings  can  be  made  to  depths  of  100  to  400  feet  These  machines  have  bean 
extensively  used  in  Nicaragua  by  the  Isthmian  Canal  Commission.  If  desired, 
the  machines  can  be  furnished  with  special  tools  for  boring  in  rock  and  for 
taking  out  solid  cores  (as  with  the  diamond  drill),  with  others  for  taking  oot 
dry  cores  in  earth,  and  with  sand-pumpe  and  mud  sockets  for  bringing  up  mad« 
flne  sand,  gravel,  and  detached  pieces  or  rock  and  minerals. 

*In  Alaska,  where  the  frost  extends  to  great  depths,  boiling  or  hot  water  Is 
used.  This  is  obtained  by  melting  ice  or  snow  In  iron  tanks  aboat  4  It  saaan 
and  2  ft  deep. 
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Art.  1.  MACIltne  ]lo«lc-drll1s  bore  mach  mor»  rapidly  thiiD  band  drilla^ 
■nd  more  eoonomically,  proTided  the  work  is  so  great  as  to  Justify  the  preliminary 
oatfit.  They  drill  in  any  direction,  and  can  often  be  used  in  boring  liolee  so  located 
that  they  could  not  be  bored  by  hand.  They  are  worked  either  by  steam  directly; 
or  by  air,  compressed  by  steam  or  water  power  into  a  tank  called  a  ''receiver,"  and 
then<»  led  to  the  drills  through  iron  pipes.  The  air  is  best  for  tunnels  and  shafts, 
because,  after  leaving  the  drills,  it  aids  ventilation. 

Art.  2.  Sneh  drills  are  of  Iwo  kindst  rotattny  drills  and 
Mrenssion  drills.  In  the  former,  the  drill-rod  is  a  long  tube,  revolving  about 
Its  axis.  The  end  of  this  tube,  hardened  so  as  to  form  an  annular  cutting-edge,  is 
kept  in  contact  with  the  rock,  and,  by  its  rotation,  cuts  in  it  a  cylindrical  hole,  gen- 
erally with  a  solid  core  in  the  center.  The  core  occupies  «:he  oore>barreI,  Art  8L 
The  drill-rod  is  fed  forward,  or  into  the  hole,  as  the  drilling  proceeds.  The  debris 
Is  removed  from  the  hole  by  a  constant  stream  of  water,  which  is  led  to  the  bottom 
of  the  hole  through  the  hollow  drill-rod,  and  which  cairies  the  debris  up  through 
the  narrow  space  between  the  outside  of  the  drill-rod  and  the  sides  of  the  hole. 

In  perenssiOB  drills,  the  drill-rod  is  solid,  and  its  actiou  is  that  of  the 
churn  drilL 

Art.  3.  In  the  Brandt  (European)  rotary  drill,  the  cutting-edge  at  the 
end  of  the  tubular  drill-rod  is  armed  with  hardened  steel  teeth.  It  is  pressed  against 
the  rock  under  enormous  hydraulic  pressure,  and  makes  but  from  6  to  8  revolutions 
per  minute. 

Art.  4.  Tbe  Diamond  drill  is  the  only  form  of  rotary  rock«drill  exten* 
Jvely  used  in  America.  In  it,  the  boring-rod  consists  of  a  number  of  tubes  Jointed 
rigidly  together  at  their  ends  by  hollow  interior  sleeves. 

Art.  5.  The  borinv-blt.  Fig  1,  is  called  a  "core-bit.**  Its  cutting-edge 
has  imbedded  in  it  a  number  of  diamonds  as  shown.  These  are  so  arranged  as 
to  nrqloet  «Ught|y  tmn  both  its  inner  and  outer  edges.  Annular  spaces  are  thus 
left  betfiven  oon  and  eore-barrsl,  and  between  the  latter  and  the  walls  of  the  lioto. 
Theee  spaces  permit  the  ingress  and  egress  of  the  water  used  in  removing  the  debris 
rroDi  the  bole,  and,  at  tin  ausa  tine,  prevent  the  core  from  binding  in  the  barrel,  ot 
llM  latter  in  the  hole. 


i 
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Art.  6.  Just  above  the  "cors-bit,**  the  ^^ooro-liftor,^  Fig  2,  is  scrowed  to 
Am  barrel,  thto  li  s  t«b«  sbont  t  iw  lanf  and  of  the  ama  sntw  tfon  m  tht 
bamL  Indde  H  ii  tllghtly  eoned,  with  the  base  of  the  cone  apwani,  and  ft» 
Dished  with  a  loose  split-ring,  R.  toothed  inside,  and  similarly  coned.  While  the 
drilling  is  going  on,  this  ring  encircles  the  core  closely,  and  remnins  loose  from  the 
ont<?r  cylinder;  but  when  the  drilling  is  stopped,  and  the  drill -rod  begins  to  bo 
raleed,  the  ring  is  caught  aa<*  raised  by  the  outer  cylinder;  and,  by  reason  of  its 
beveled  shape,  is  pressed  hard  against  the  core  of  rock,  which  is  pulled  apart  dose 
to  its  foot  by  the  power  which  lifts  the  drill-rod. 

Arl.  7.  This  power  is  supplied  by  a  rope^rnm«  rMt«>ne4  to  the  top  of  tba 
frame  *ffrit;h  supports  tbe  drill  and  worked  by  the  same  r o^rie  w/iich  rotittee  the 
drill-rod.  The  rope  from  the  drum  passes  up  to  a  pulley  at  tne  top  of  a  derrick, 
■od  tiMOOe  down  to  the  upper  end  of  the  drill-rod.  The  considerable  height  of  the 
tarrlekSBiibleifbvmi  d9  toMfeet  of  the  drill-rod  to  be  removed  in  oneptoea 

Art,  S.  Abovothe**oore4iflor**istbeMc«re«liarr«l.*»  This  is  a  wrongM- 
ivontnbolhmiStoienipna  ItissplnilH 

gioored  ootside,  to  permit  the  neoent  of  tho  water  and  debris  ftom  tbe  hole ;  and  is 
iometf  nm  set  with  diamonds  on  it*  outer  smihce,  to  prevent  wear.  The  bit,  lifler, 
and  barrsl  ore  of  vnilbrm  onter  diam,  a  little  less  than  tho  diara  of  the  hole.   Tho 
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Art.  9.    Where  tt  la  not  deetred  to  preeeire  the  eore  Intaet,  a  **1»orlBB^ 

h«iul,**  Fig  S,  may  be  need  Instead  of  the  **oore-blt."  Fig  I.  This  ia  a  solid  Ut 
(except  that  it  is  perforated  with  holes  which  allow  the  water  to  pass  ont  from 
the  drill-rod),  and  is  armed  with  diamonds,  some  of  which  project  beyond  its  circum- 
ference. 

Art.  10.  The  drill -rod  revolYes  at  a  speed  of  from  200  to  400  reTolntiona 
per  minute.  The  engine,  by  which  it  is  rotated,  consists  tisuidly  of  two  crlio- 
ders,  either  fixed  or  oacTilating,  operated  by  steam  or  compressed  air,  and  worUng 
at  right  angles  to  each  other.  By  means  of  omnka  the/  torn  a  shaft,  which  eom- 
mnnicates  its  motion,  through  beTsl  gearing,  to  the  drill-rod.  The  latter  is  fed 
down,  as  the  hole  progresses,  either  by  oUier  bewel  genrlny  driTen  by  tbe 
same  engine ;  or  by  being  attached  to  a  croes-head  which  connects  the  piston  loda  of 
2  liydranlic  evllnders,  the  piston  rods  being  parallel  with  the  drill  rod. 

Art«  11.  The  diamond  drill  bores  perfectly  eirenlar  hole*.  In  straljrlit 
lines  and  In  any  direetlon,  to  irreat  depths;  from  800  to iftOOfeet 
being  not  uncommon.  This,  with  the  fact  that  It  brings  np  nnhrolcen 
cores,  ftt>m  8  to  16  ft  long,  which  show  the  precise  nature  and  stratification  of  the 
rock  penetrated,  renders  it  very  Talnabie  in  teat-boring,  prospectinff  of  mines,  Ac 
They  are  also  fbmished  of  sufficient  siae  to  bore  holes  from  6  to  15  ins  diam,  for 
artesian  wells.  ■  The  ronndnees  of  the  holes  bored  enables  the  use  of  caatng  of 
nearly  as  great  diam  as  that  of  the  hole;  and  their  straightness  is  adTantag«oiis  in 
case  a  pomp  lias  to  be  need. 

Art.  19.  In  soft  rook  a  bit  may  drill  throogh  900  ft  or  more  withoot  reaatting. 
On  the  other  hand,  in  Tory  hard  rocks,  similar  drills  will  wear  out  in  10  ft  or  leas. 
In  1888-4.  a  dIaiDOiid  drlV  bv  tlw  A«^  HlMMmd  Roek  Boring  Oft,  weigliliig  oo» 

Eleta  about  1400  lbs.  and  ooattng  aboot  $2800,  liored.  In  1428  hours  of  actual  boring 
S  holes  of  2  ins  diam,  and  aggregiitlng  0141  lineal  ft.  Average  length  of  hole  1721 
ft.  Average  rate,  6.4  lin  ft  per  hour;  greatest.  12.8.  Average  total  eoal, 
•bout  96  cts  per  lin  ft  Tha  rock  was  principally  lioMatone,  with  aome  quarts  antf 
nndstone.  The  holea  osis  bored  at  angles  Tarying  fkom  QP  to  45o  with  ttie  rertical 

Aa  a  rough  aTerage  we  may  my  that  In  ordinary  roeks.  aa  granite,  ]lm<»- 
atone,  and  hard  aandstone,  these  driils  will  bore  deep  holes,  2  to  8  ins  diam,  at  trovn 
1  to  2  It  per  honr,  and  at  a  cost  of  from  $1  to  $2  per  ft. 

Art.  13.  Those  drills  are  made  of  many  widely  different  sises,  and  with 
dlflferent  ntoantlngS«  depending  npon  the  nature  of  the  work  to  be  done. 

They  are  sold  under  restriotions  as  to  the  location  and  extent  of  the  territory 
in  which  they  are  to  be  uaed.  The  prtoes  depend,  to  a  great  extent,  upon  the 
nature  of  these  restriotiona.  The  card  prioea  for  some  oTthe  leading  sues,  are 
as  followa :     Diaeount,  aee  prloe  Hat. 


Diam 

of 
hole. 

Diam 

of 
oore. 

hole. 

Boiler 

H.  P. 

required. 

Card  prloe.  1 

Drill. 

Pomp 

Ins. 

Ins. 
2 

1 

Feet. 

4000 

1500 

1000 

600 

400 

a  P. 

26 

15 

12  to  15 

10 
hand 

9 

4000 
2500 
1900 
1400 

9 

"iiiio" 

2800 
1900 

Art.  14.  In  percussion  drilling  machines,  the  drill-bar  la  driven 
forcibly  Hgainst  the  rock  by  the  pressure  of  Steam  or  of  compressed 

air,  acting  upon  a  piston,  P,  Fig  4,  moving  in  a  cylinder,  C  C.  Figs  4  and  6;  and 
makes  about  300  strokes  per  minnte.  The  rotation  of  the  drill-bar  is  accomplished 
automatically,  as  explained  in  Art  27. 

Art.  IS.  The  cylinder.  C  G,  is  free  to  slide  longitudinally  in  the  fixed 
frame  or  shell,  8  S,  Fig  5,  to  which  it  is  attached,  and  which,  in  turn,  is  fixed  to  the 
tripod  or  other  stand  (see  Arts  18  and  19)  upon  which  the  machine  is  anpportod. 

Art.  16.    The  drill-rod,  R»  oorreaponding  to  the  chom  drill,  ia 

fastened,  by  an  appropriate  chuck,  K,  to  the  end  of  the  piston-rod,  0.  The  drilling 
la  begun  with  a  short  drill-rod,  and  with  the  cylinder  as  ihrfrom  the  hole  a^  the 
length  of  the  shell,  8,  will  permit.  Aa  the  bit  peaatratea  the  rock,  the  cylinder  la 
fed  forward,*  either  automatically  or  by  hand  (aee  Art  2S),  aa  far  aa  the  length  of 


Bt  forward*  or  dowaward,  we  j 
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HbB  dMll  permits.  TIm  ArlUhig  if  tfasn  stopped,  bj  shutting  off  the  stmaa,^  and  tht 
«f  littder  is  ran  baek,  by  rsvsrsing  tke  motion  at  the  feeding  appsrmtus.  Th«  short 
drill-bar  Is  then  removed,  and,  if  the  drilling  is  to  be  oontinneo,  a  longer  one  is  sab> 
■titnted  in  its  place,  and  the  process  repeated. 

Art.  17*  inasmoch  as  the  act  of  drilling  wears  the  edges  of  the  bit,  thns  redoo- 
Ing  its  diam  somewhat,  the  bole  will  of  coarse  be  tapertnflr,  or  of 
sligbily  less  diam  at  bottom  than  at  top.  The  second  bit  mnst  therefore  be  of 
elightiy  lem  diam  than  the  first:  say  from  ^  to  ^  inch  less;  the  third  mnst  be  less 
than  tae  second,  and  so  on.  On  the  other  band,  in  long  boles,  the  driU-bar  will 
seldom  be  in  a  perfectly  straight  line,  so  that  the  bit,  instead  of  strilcing  always  in 
tlw  aarao  epot,  will  describe  a  circle,  and  thus  enlarge  the  hole. 
Art.  18.  The  riiell,  S,in  which  tJtie  cylinder  slides.  Is  provided  with  an  arrange- 
by  which  it  may  be  clamped,  either  to  a  tripod^  as  in  Fig  5,  or  to  a  long 
or  colaniM,  along  which  it  may  slide.  The  column,  if  hot,  may  rest  upon 
two  pairs  of  legs ;  or  it  may  be  braced,  In  any  position,  against  the  opposite  sides  of 
a  nsurrov  cut.  or  sgainst  the  floor  and  ceiling  of  a  tunnel-heading,  Ac,  in  which  case 
osks  of  its  ends  is  prorided  with  a  screw  which  is  run  out  so  as  to  cause  the  two  ends 
•f  tha  col  to  press  flrmly  against  the  opposite  rock  walls ;  or  rather  against  wooden 
blocks  which  are  always  placed  between  each  end  of  the  col  and  the  rock.  In  any 
case,  tha  sapports  of  the  drill  are  so  Jointed  that  it  can  bore  in  any  direction. 

Art.  19.  Frequently  the  drill  is  elamped  to  a  siiort  arm,  which,  In 
tam.  is  clamped  to  the  column,  and  projecto  at  right  angles  flrom  It  The  arm  may 
be  slid  lengUiwise  of  the  column,  and  may  be  revolved  around  it,  and  thus  may  be 
placod  in  any  desired  position,  and  there  clamped.  This  gives  the  drill  a  greater 
luiga  of  motion,  and  enablee  it  to  bore  holes  over  a  greater  space  than  would  other* 
wise  be  poeslble  without  moying  the  column. 

Art.  80.  In  tunnels,  one  or  more  drills  may  be  moonted  upon  a  drill-ear* 
riase,  travelling  upon  a  railroad  track  running  longitudinally  of  the  tunneL 
Upon  this  track  the  carriage  is  moved  up  to  the  work,  or  run  back  ^m  it  when  a 
blast  is  to  be  flred.  The  gauge  of  the  track  may  be  made  wide  enough  to  admit  of 
a  second  track,  of  narrower  gauge,  running  underneath  the  drill-cak riage.  Upon 
said  narrower  track  the  cars  are  run  which  carry  away  the  debris.  PriU-carriageA 
are  less  commonly  used  In  this  country  than  in  Europe. 

Art.  21.  The  pressare  used  in  the  cylinders  of  percussion  drills  Is 
nsnally  from  about  wto  70  lbs  per  sq  inch.  In  an  hoar,  one  will  drill 
a  hole  from  1  to  2  ins  diam,  and  from  8  to  10  ft  deep,  depending  oa  the  character  of 
the  rock  and  the  sise  of  the  machine  at  from  10  to  25  eta  per  lln  It  with  lalx' ;  at 
$1  per  day.  A  bit  reqdlrea  aharpenlnar  at  about  every  2  to  4  ft  dep'ji  of 
hole.    One  blacksmith  and  helper  can  sharpen  orills  for  5  or  6  machines. 

Art.  22.  The  bits  are  of  ntany  dlfTerent  ehapeSf  varying  with 
the  nature  of  the  work  to  be  done.  For  uniform  hard  rock,  the  bit  has  two  cutting- 
^dgee,  forming  a  cross  with  equal  arms  at  right  angles  to  each  other.  For  seamv 
rock,  the  arms  of  the  croes  are  eonal,  but  form  two  acute  and  two  obtuse  anglee  with 
each  other,  as  in  the  letter  X.  For  soft  rock,  the  catting-edge  sometimes  has  the 
shape  of  the  letter  Z. 

Art.  23.  Each  drill  reqnlree  one  msn  to  operate  It  Two  or  three  men 
sre  required  for  moving  the  heavier  sizes  from  place  to  place.  One  roan  can  attend 
to  a  small  air-compressor  and  its  boiler. 

Art.  24.  Figs  4  and  6  represent  the  **  Eellpee  **  percussion  driH  of  the  Inger- 
soil-Sergeant  Drill  Co,  Havemeyer  Building,  New  York.  Fig  5  shows  the  drill, 
mounted  (as  is  most  frequently  the  case)  upon  a  tripod.  Fig  4  Is  a  longitudinal  sec- 
tion throngh  the  cylinder,  valve-chest,  and  piston. 

Art.  25.  The  cylinder,  G,ls  provided  at  each  end  with  a  rnbber  coshlon, 
ff,  for  deadening  the  blows  of  the  piston,  which,  in  all  percussion  drills,  is  liabl^  at 
times,  to  strike  either  <7llnder-head.  The  side  of  each  cushion  nearest  the  piston  it 
protected  by  a  thin  Iron  plate.  The  cushions  have  to  be  renewed  from  time  to  time. 
Art.  26.  The  Talve,  T,  is  shaped  somewhat  like  a  spool.  The  bolt,  B, 
passes  loosely  through  Its  center  and  guides  it.  Steam  is  admitted  from  the  boiler 
to  the  steam-chest,  and  occupies  all  of  the  space  between  the  two  end  flanges  of  the 
valve,  except  a.  It  drivee  the  valve  alternately  from  one  end  of  the  valve-chest  to 
tbs  other,  and  back,  according  as  one  end  or  the  other  is  relieved  from  oppoeing 
pressure  by  being  put  into  communication  with  the  exhaust,  JS;  by  way  of  the  pss- 
ssgaa,  D  ly  and  F  F'.  D  and  D'  oommunioate  with  the  ends  of  the  steam-chest 
throngh  passages  not  shown ;  while  F  and  F'  communicate,  through  similar  pss- 
■Kes,  with  the  exhaust,  E.  The  piston  has  an  annular  channel,  L  I/,  encircling  it. 
If  baterer  the  position  of  the  piston,  one  of  the  passages,  "D  or  D',  is  always,  by  means 
sf  tbin  <)hnBn<M,  fai  eommnnlcatlon  with  its  oorresponding  passage,  F  or  F',  leading 
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to  tiM  eshMvL  Thm,  one  or  the  oth«r  end  of  the  YalTv-^eit  b  aIwajs  In  oom 
BiiDiMtion  with  the  open  air;  and  to  that  end  the  ralre  ia  driveu  by  the  prM  c' 
the  tteam  anrroanding  it,  ■dmitUng  iteam  to  the  cjl,  G,  from  the  other  end. 

Arc  87*  The  rotaUon  of  the  piston,  and,  with  it,  that  of  the  drlU> 
bar,  is  effected  ttius:  The  spirally-grooved,  cylindrical  steel  iNir,  A,  called  a  rifle- 
har,  passes  through  and  works  in,  tlie  riile-nat,  U,  which  is  firmly  fixed  in 
the  end  of  the  piston,  and  has  spiral  groores  corresponding  with  thoee  on  the  rifle- 
bar.  Said  bar  is  fixed,  at  its  up|ier  end,  to  the  ratchet-wheel,  J,  the  pawls  of  which 
are  so  arranged  that,  on  the  down  stroke  of  the  piston,  the  rifle-nut,  U,  acting  upon 
tha  groofea  oa  the  rifie-bar,  causes  it,  and,  with  it,  the  ratchet-wheel,  to  revolve 
about  their  common  axis.  The  weight  and  mo- 
mentum of  the  piston,  Ac,  are  such  that  it  thus 
readily  turns  the  ratchet-wheel  without  itaelf 
tnming.  Thus  the  bit  is  prevented  from  rotating 
while  dellTering  its  blow.  But,  on  the  iq»  stroke^ 
the  tendency  uf  the  rifle-nut  is  to  tarn  the  rifle- 
bar  and  ratchet-wheel  in  the  appotiU  direction; 
and  as  this  is  prevented  by  the  pawls,  the  r^/U- 
bar  remains  rtartewflry,  while  the  piiton,  pidmf 
rcdy  and  driU  are  wodt  fo  revolve  aboat  ttaair 
common  axis. 

Art.  88.  The  feed-eerew,  M,  is  col- 
lared, at  its  upper  end,  to  the  fixed  frame,  Q.  It 
is  thus  prevented  from  moving  longitodioally 
when  revolved  by  means  of  the  crank  fixed  to  its 
top.  Its  lower  end  works  in  ahut,T,  fixed  to  the 
cylinder,  which  last  Is  thus  moved  longitodinall v 
backward  or  forward  as  the  cnmk  is  tnraea 


Urge  drills  are  frequentlv  fhmlshed  with  an  mut^mUfHc  feeding  Arr«BM< 

■lent  to  addition  to  the  hand-crank.    In  this  amuigemeut,  when  the  «yliMar 
taquiiui  JMrtlng  imnyrd^aiMl  whM^  consa^iistttJIy,  tha  pistoa  ia  nmning  nsarty  ts 


i£   ROUK-DBILiLS. 


Ofif 


dM  tcrwvtd  limit  of  Its  cCrokci,  the  piston  pranM  ftgminst  a  cam  prqfeetlng  Into  tiM 

SI  De«r  the  forward  end,  and  preeenting  ao  Inclined  plane  to  it.  The  motion  ol 
ii  cam,  by  meana  of  an  exterior  axle,  running  alongside  of  the  cyl  and  ftarniabed 
at  its  top  witli  a  dog,  tnms  a  ratchet-wheel  fixed  to  the  feed-screw.  When  desired, 
the  antomatio  feed  may  be  thrown  out  of  gear,  and  the  feed  moved  by  hand. 

ArU  29.  The  trip«€l  leya  consist  of  wroaglit-lron  tubes,  w  W.  Thfise  are 
screwed  at  their  upper  ends  into  sockets,  X  X.  At  their  lower  ends,  they  reoeire 
the  pointed  and  tapering  steel  bars,  T  Y,  about  '2  or  S  ft  long.  The  legs  may  be 
lengthened  or  shortened  by  turning  the  set-screws,  Z  Z,  thus  regulating  the  distance 
to  which  tlie  bars,  Y  T,  can  enter  the  legs.  The  clamps,  b  fr,  have  Ix«baped  hoolca 
of  U  Inch  to  1  inch  round  Iron  forged  to  them.  On  these  hooks  the  welyhtli, 
d  d.  are  hung,  which  hold  the  machine  down  against  the  upward  reaction  of  its 
blows. 

Art.  80.  The  following  Uthle  gives  the  principal  dtmeoaions  of  these 
drills,  with  the  dlania  amd  lenarths  of  holes  to  which  each  is  adapted. 
Size  H  is  used  for  subiuarioe  work,  heavy  tunneling,  and  deep  rock  cutting.  Q 
and  F  for  tunneling,  street  grading,  quarrying,  and  sewer  work.  £,  D,  and  G 
for  general  mining  purposes.  B  Is  adapted  only  for  verr  light  work.  In  asking 
for  estimates  on  drills  and  oompresaors,  give  the  fullest  paeslhle  descripttoD 
(accompanied  by  a  sketch)  of  the  work  to  oe  done,  suting  its  present  and  pro- 
posed extent.  State  whether  the  work  is  on  the  surface  or  underground.  State 
how  fiu-  the  steam  or  compressed  air  will  he  carried.  Give  depth  of  holes  to  be 
drilled,  naUire  of  rook,  de.  Perouasioo  drills  are  sold  without  restrletion  ss  to 
the  purpose  or  extent  to  which  they  are  to  be  ased. 


Letter  designaUng  the  sise  of  the  machine. 

A 

B 

C 

]> 

E 

F 

« 

H 

Inner  diameter  of 

cylinder.. Ins. 

i% 

2H 

2% 

8 

«M 

8>^ 

^ 

5 

Length  of  full 

stroke " 

8 

4 

6 

« 

6 

«K 

7 

7 

Length  of  feed  " 

12 

20 

24 

24 

24 

7B 

84 

84 

Length  of 

machine *_...  " 

W 

84 

86 

40 

42 

63 

60 

60 

Wt  of  machine, 

unmounted,  lbs. 

80 

155 

195 

230 

250 

845 

605 

670 

Wt  of  tripod, 

without  wla.  •* 

125 

125 

125 

125 

150 

275 

276 

WtofSwtsfor 

X 

tripod  legs,   " 

250 

260 

250 

250 

850 

400 

400 

Wt  of  column, 

arm  A  clamp  " 

200 

280 

280 

280 

420 

420 

420 

Diam  of  hole 

drilled. ins. 

}iio%%x^\% 

lto2 

lto2 

lto2 

lKto2K 

2to4 

8to6 

Max  depth  of 
▼ert  thole. ft. 

X         •    4 

8 

10 

12 

16 

80 

40 

i 

( 


*  From  lop  of  handle  of  feed-crank  to  lower  end  of  piston  at  the  end  of  the 
down  stroka 
f  For  greatest  advisable  Igth  of  Aor  holes,  dedaci  one-fourth  from  these  depths* 
t  Machine  A  is  mounted  on  a  small  fraiue. 


The  drills  of  dlflferent  makers  differ  ehlellT  in  the 

he  Ingen 

Bclipse"drill,  Art26,bTthepr  . 

by  a  lever  or  tappet,  which  proiecu  into  the  cylinder  so  as  to  come  Into 


Art.  SI.  ^ 

methods  by  which  the  valve  is  operated.    In  some  this  is  done,  as  In  the  IngersoU 

«•  R^li  MA  "drill.  Art  28.  bv  the  ■»■*«■  ikfatAAm.     In  otliAni.  thA  vftlv*  in  mnvMl 


In  Others,  the  valve  is  moved 


contact  with,  and  be  moved  by,  the  piston  at  each  stroke.  As  these  strokes  are 
made  with  great  force  some  800  or  more  times  per  minute,  such  valvo'gear  is 
necessarily  subject  to  great  wenr. 

Art.  S2.  In  the  ^Mttle  Otont  l>rtll,**  made  by  the  Rand  Brill 
COb,  the  valve,  V,  Fig  6,  Is  slid  backward  and  forward,  In  the  same  direction  in 
which  the  piston  is  moving,  by  the  tappet,  T,  which  Is  pivoted  at  p.  The 
Inclined  lower  corners  of  this  tappet  ride  up  as  Uiey  come,  alternately,  in  contact 
with  the  shoulders,  i  »,  of  the  piston. 

Art.  SS.  In  the  ^^EeoMomlser*'  and  the  «« Sinner**  (Rand  Drill 
On.)  the  valve,  as  in  the  IngersoU  "  Eclipse**  drill,  is  moved  Dy  steam,  but  upos 

Oigitizeclby\jOOgle 


no 
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ft  quite  different  principle.  In  these  two  drills,  there  is  no  steam  coshion  Ibr  the 
pisioo  to  strike  against  on  the  down  stroke,  the  force  of  which  is  thus  mors 
oomoletely  expended  upon  the  rock.  The  cushion  hehiod  or  above  the  pisiM, 
on  the  return  stroke,  is  formed  by  exhaust  steam.  Both  of  tlieee  drills  cut  off 
steam  before  the  completion  of  either  stroke,  thus  usin^  the  steam  ezpaosiTd^. 
On  the  down  stroke,  the  "Eoonomicer"  outs  off  earher  than  the  ''Sluggec" 
Hence  its  name.  In  both  machines 
the  point  of  cut-off  is  fixed  when 
the  machine  is  made. 

Art.  S4.  In  the  improved 
BarlcliTh  drill,  the  ralve,  V, 
Fig  7,  is  moved  by  two  tappets, 
T  'P.  which  are  alternately  struck 
by  tne  ends  of  the  piston,  P. 

Art.  S5.  lu  the  *'DTnamic" 
rock-drill,  invented  bv  Prof  De 
Tolson  Wood,  the  valve  is 
attached  to  a  valve-piston,  V,  Fie 
8,  which  is  moved  backward  and 
forward  by  steam,  which  is  ad> 
mitted  so  as  to  act  alternately 
upon  its  two  ends.  The  ad  ro  ission 
of  this  steam  is  controlled  by  a  smaU  aoxiUary  valve,  c  A  hub  on  the  badt  of 
the  auxiliary  valve  fits  in  the  spiral  groove  shown  on  the  plug,  «.  Tbia  pimg  ia 
oonstantlv  pressed  downward  (as  the 
Fig  stands)  by  steam  pressing  upon 
its  upper  shoulder,  but  it  is  liflea  at 
each  forward  stroke  by  the  conical 
surface  of  the  piston,  P,  pressing 
against  its  foot.  It  thus  moves  con- 
-untly  up  and  down,  carrying  the 
valve,  a.  with  it.  By  turning  the 
plug,  n,  by  means  of  the  adjusting- 
stem,  «,the  hub  of  the  valve  is  made  to 
occupy  a  higher  or  lower  point  in  the 
spiral  groove,  and  thus  tne  stroke  of 
the  piston  may  be  varied,  or  may  be  FlV«  ''• 

confined  to  any  part  of  the  cylinder. 

In  this  drill,  unlike  the  IngersoU,  Art.  27,  the  piston  rotates  while  making 


Fi«.  6. 


FliT.  8. 

the  dwmward  stroke.    The  piston-rod.  o,  is  made  Uffliter  than  In 

otJier  drills.    Tbis  gives  a  greater  surface  under  the  piston  for  the  pressuzs 
of  the  steam  on  the  up  stroke,  and,  consequently,  greater  lifting  power.    Thia 
is  useful  when  the  drill  sticks  in  the  hole. 
The  tripod  le^s  are  of  bar  iron.    Their  length  ia  adjustable. 
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Art.  916.  Tlie  Pierce  luuid  voek-4rtll  is  a  percuMion  drill 
woricad  by  a  cnutk  which  tnrua  •  diac  about  'i  ft  iu  dhun.  Iha  diac  hai  a  aemi-circalar 
•lot,  in  which  worlu  the  arm  which  raiMt  the  driJl-rod.  Thisarni,lD  rl«ing,ooinpraaM8 
a  ooil^pring,  which,  on  the  down  etrolca,  driTet  the  drill  agnin»t  the  rock.  An  iru*i 
ball,  weighing  20  Iba  or  more,  la  famiahed  with  each  machine.  Thla  ball  may  be 
■erawed  to  the  top  of  the  dnll-ttMl,  for  glTing  greater  force  to  the  blowa  of  the  diilL 
Th«  hall  may  be  uaed  without  the  apring,  by  diaengaging  the  latter. 

The  drill  makea  about  it)  etrokea  of  10  ur  1*2  ina  per  minute;  aiid  borea  holea  firom 
'<^  Ina  diam.  It  can  be  arranged  to  drill  to  deptha  of  30  ft  and  oTer.  For 
dug  the  bits,  it  haa  an  emery  wheel  attached,  wbicli  is  turned  by  tlie  crank. 
The  latter,  at  such  timea,  ia  thrown  out  of  gear  with  the  diac. 

Tlie  orlli  is  moaMted  on  a  rectangular  two-Iegginl  frame,  about  6  ft  high 
hj  2  n  wide,  made  of  Iron  tabes.  To  the  top  of  this  frame  a  third  leg  la  attached, 
by  a^Jnating  which  the  angle  of  the  drill-rod  with  the  rert  may  be  changed.  Like 
other  peri^uasion  drilla  worked  by  hand-power,  thia  one  oeaaea  to  work  to  adTantaga 
when  aaid  angle  exceedi  about  46^. 

Art.  S7.  CliaiiiiellMfr  oonsiaU  in  making  long,  deep,  and  narrow  euta  la 
the  rock.  In  thia  waj  large  blocka  can  be  gotten  out  without  blasting  and  tlie  con- 
aeqnent  danger  of  Ihbotora.  Thla  ia  ordinarily  done  by  boring  a  row  of  holea  about 
am  Inch  api^  In  the  clear,  and  then  brenking  down  the  Incennediute  apacea  by 
means  of  a  blunt  tool,  called  a  IbMMMla.  Thia  la  called  broitcb  eluuiMelliaflr. 
Tor  tiila  pvrpoae  a  ateam  drilllag  machine  ia  mounted  upon  a  hor  her  reaUug  upon 
two  naira  of  lege.  The  hor  bar  la  placed  oTer  the  intended  row  of  hoiea,  and  the 
drill  ia  slid  along  upon  it  from  one  hole  to  the  next  In  using  the  droacA,\he  rotat- 
ing apparatua  ia  thrown  out  of  gear,  ao  that  the  edge  of  the  hraacfa  malntalaa  itf 
poaltlon  in  line  with  the  row  of  hoiea. 

Art.  SS.  Tbe  Saamders  p»ateiit  ehRMnetinar  nuieliiBe,  of  the 
IngeracAl  Oo,  conoiats  of  a  roek-dnlling  machine,  having,  in  place  of  the  usual  drill* 
ing-Ut,  a  gang  of  toola  conaiating  of  a  u  umber  of  ciiisvTs,  clamped  together  aide  by 
side,  and  thna  forming  a  cutting  tool  about  7  ins  long  by  9^  inch  wide.  Thia  tooi 
haa  aa  many  cntUng-edgea  (each  aa  long  aa  the  tool  ia  wide)  as  there  are  chiaelSb 
The  machine  is  aupported  upon  a  carriage,  moring  on  a  track  parallel  with  the 
channel  to  be  cut.  The  tool  fai  of  course  not  rotat^  *  but  the  rifle-bar.  A,  Fig  4,  ia 
employed  to  more  the  carriage  along  the  track  about  an  iuch  after  each  blow.  The 
carriage  remaina  stationary  while  a  ulow  is  being  struck.  Under  fiiTorable  oircum- 
stancea  this  mKehlBe  has  eat  from  80  to  100  sq  ft  of  ohunnel  per  day  of  ten 
hours.  Iu  weight,  including  carriage,  ia  about  5000  iba. 

A  Taire  ia  proTided,  by  which,  if  desired,  the  s(e»in  nuur  be  shut  off  from 
the  piston  on  the  down  stroke,  ao  that  aaid  atroke  may  be  made  with  only  the  leei^ 
of  the  piaton,  rod,  and  drill. 

Arc  S9.  The  Ingersoll  Oo  hare  a  special  appliance,  dealgned  by  Mr.  W.  L, 
Aeundera,  G  E,  for  drilling  amd  blastlBir  roeks  ander  water*  eren 
when  thMT  are  eorered  by  a  conaiderable  depth  of  mod. 

Art.  40.    Air  coinpress4Hrs  for  rock-drilla,  aa  made  and  uaed  In  thla  conn- 


i 


try,  are  raoatlv  hor,  dlreotpacting  engines.  That  ia,  the  axes  of  the  ateaas-  and  aii^ 
cylindera  are  nor;  and  the  piston-rod  pasaes  directly  from  the  ateam-cy Under  into 
the  Hir-cylinder.    A  fly-wheel  ia  attached,  by  a  crank  and  connectingHod,  to  the 


piston-rod.  Sometimea  the  atcam-engioe  la  separate  ftx>m  the  compreaaor,  and  the 
power  ia  conveyed  to  the  latter  by  belts  or  gearing;  or  water-power  may  be  used  ia 
the  same  way.  The  air  la  forced  into  a  receiTer,  which  is  generally  a  plate4roB 
cylinder,  8  or  4  ft  in  dlam,  and  6  to  12  ft  long. 

If  the  air-  or  pumping-cyllnder  of  the  compressor  la  so  arranged  as  to  take  In  air 
on  one  stroke  only,  and  force  it  out  into  the  reoeiTer  upon  the  return  atroke,  it  is 
••sImfde-aetlMfp*'*  Ii;  at  each  stroke.  It  both  takes  in  and  forces  out  nir,  It  is 
^  domle-actlM y.**    If  the  compreaaor  baa  only  one  air^cylmder,  it  is  **  sin- 

51  e.**    If  it  has  two,  and  thua  practically  coualata  of  two  aingle  compreaaora,  it  Is 
duplex.** 

The  valves  may  be  either  ^  poppet**  valTea,  held  in  place  by  rprlnga,  and 
operated  by  the  preaaurs  of  the  air  Itself;  or  slide  Talrea,  operated  by  ( ecentrica 
and  rods,  as  in  ateam-englnea. 

The  compreaalon  of  the  air  derelopa  heat.  Thia  la  removed  either  by  causing 
cold  water  to  circulate  through  the  air-piston,  and  through  Jackets  surrounding  the 
aircy Under ;  or  by  tqjecting  it  Into  the  air-cylinder  in  the  form  of  spray.  Or  both 
methods  may  be  used  together. 
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Art.  41.  Tlie  followlnp^  partial  list  of  Cla744>n  oompreanon,  oompiled  fnm 
dat«  given  by  the  makers,  snows  the  dlmenslooa  and  perfbrmaMee  of 
each.    We  give  also  a  list  of  their  receivers. 

CliATTON  DOVBIJS-ACTINO  AIR-COHPBESSOIUSL  Partial  Liat 


) 


Dnplex  DlreeUactinv*  Compreasors. 

Diam  of  sleam-ojliodars ins. 

**     air  "         ina. 

Length  of  stroke ina. 

Mnmber  of  reTolutious  per  oiinuto 

Cub  ft  of  free  air  compremed  per  minute ..Actual. 

Approximate  wtof  compreMor ....lbs. 

Approx  number  of  rock-ddlla  with  8-inch  cyls  aap- 
plied  with  air  at  60  to  8U  IbH  p«r  aq  luch................. 


Slnifl®  Direeft-aetini^'Coinpremors. 

Diam  of  steam-cylinder ins. 

'•     air  •*        « ins. 

Length  of  stroke ......ins. 

Number  of  revolutions  per  minute.. 

Cub  ft  of  tree  air  compressed  per  minute... Actual. 

Approx  wt  of  compressor 

Approx  number  of  rock-drills   with  3-inch  cyls  sup- 
plied with  air  at  60  to  8U  lbs  per  sq  inch 


Kninber,  desIgnadDg  the  aiae 
of  th«ir  -"• 


8 
8 
12 
120 
to 
140 
36 
SOOi) 


1 


8 
8 

12 
(120 

{  *o 

(140 

68 

1660 


^H 


10 

10 

18 
100 

to 
180 
210 
7000 


10 

10 

18 
100 

to 
180 
106 
3S60 


U 

U 

15 
100 

to 
120 
488 
1600O 

8 


H 
14 
15 
100 
to 
120 
S19 
8860 


18 
18 
94 
80 
to 
00 


18 


18 
18 


00 
460 
ISTfit 


•  The  prloe  of  a  oompreMor  alone,  to  be  worked  hj  a  separate  eteam-eaglas  or  valer-po««r.  Is  tf 
•eareo  leee  than  thai  of  the  above  eominwaaer  and  engine  eomblned. 


Air»Rcoelvttrs|  vertUml  and  horteontal* 


Diameter 
Inohee. 

length, 
?eet. 

weight,  B». 

Diameter, 
Inehee. 

Length. 
Feet. 

*J3SS^ 

88 
80 
86 

40 

7 
8 
6 

700 

890 

1660 

1600 

40 
40 
40 
40 

8 
10 
11 
18 

1876 
1000 
200O 

8100 

The  Air-Receivers  have  brass-lace  pressure-gauge,  glass  water-ganga,  saMy-falfi^ 
blowoff  valve,  try-cocks,  flanges  and  connections  to  automatic  UtA  on  c 
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TRACTION. 


6sa 


TEAOTION. 


Tntctlon  on  MMmnioii  roa«l«.  and  eitnitlfli;  or  the  power  reod  todraw 
wtateles  and  bo«u  along  tliem.    In  oonuaetion  with  this  snltfeet  read  Um  praeadins  and  tta«  foUowInc 

Tbe  foUovInc  table  shows  tolerable  approximaUona  to  the  foree  In  lbs  per  ton.  reqd  to  draw  a  etaaa 
coach  aadpaMwugera.  up  asoenu  on  the  Holjbead  turnpike  road  in  England,  (a  floe  road.)  bj  boriM; 
as  uieeruined  bj  means  of  a  djnamometer.  The  entire  weight  waiH  tons ;  but  in  the  table,  th« 
rasulis  are  given  per  single  ton.    From  tbe  nature  of  such  cases,  no  great  aoeuraoj  Is  atulnable. 


Ascent  in  Ft. 

At  4  31  Ues 

At  6  X  ilea 

At  Sillies 

At  1C  mice 

Asoent. 

per  Mile. 

per  Hour. 

per  Hour. 

per  Hour. 

per  Hour. 

Lbe. 

Lbe. 

Lbs. 

Lb*. 

li«  l&H 

SM.7 

»0 

n6 

m 

240 

1  "    » 

M4. 

196 

901 

HI 

rt9 

1  •*    M 

201.1 

166 

180 

188 

176 

1  ••    » 

178. 

187 

141 

147 

164 

1  "    40 

18S. 

114 

190 

IM 

180 

1  "    M 

81.6 

108 

116 

110 

118 

1  "  118 

44.7 

lot 

107 

119 

110 

1  "  198 

88J 

98 

108 

109 

117 

1  *•  158 

S8.9 

08 

101 

106 

111 

1  '•  «4 

U.8 

98 

98 

101 

107 

1  "  eoo 

8.8 

81 

86 

91 

98 

LeveL 

0. 

78 

80 

66 

91 

The  fhllowiiif  rcsolts,  moct  of  tbem  with  the  eanie  Initrument,  are  also  In  fes  per  («n ;  wit 
vhcelad  wagon,  at  a  slow  paoe.  en  a  Icrel ;  and  the  roada  in  fhir  condition. 

On  Boubloal  btoek  pavement 82  llM  per  ton., Jlo  80. 

MoAdam  road,  or  small  broken  aiona. 81"     "    "    probably  to  76. 


gravel  road 140  ' 

Telfbrd  road,  of  small  stone  on  a  paving  of  spawls    48  ' 


*76. 
'  76. 


.  lOOloSOO.  On  a  plank  road  80,  to  60  fta. 

Tbe  tmeUwe  power  of  a  home  dliMlntohes  am  Ills  upeed  In- 

•      " ••^'        ---'-  "- •' — •^-->- .. arbour, 

I  actual  I7 


1;  and  perhajM,  within  certain  limits,  say  from  ^  to  four  miles  per  hour, 

nearly  in  Inverse  prsportioa  to  lu    Thus,  tbe  avaraga  traotton  ofa  horse,  ( — '  — ^  -— -••- 


pnlUag  for  10  bonra  in  the  day,  wtaj  be  asanmed  approximately  as  follows: 

mioe  per  hoar.       Lho.  TraetlaB.  Miles  par  hoar.       Lbs.  Traetion. 

H 888.88  2H 111.11 

1     MO.  nt 100. 

IH 100.  9H W.91 

IH 168.88  8    eSJS 

IH 142.88  8M 71.48 

1    116.  4    82.60 

If  be  worlD  for  a  smaller  nomber  of  bean,  his  traotloa  may  Increase  as  the  hours  diminish  ;  down 
lo  aboat  6  hoars  per  day  and  for  speeds  of  about  ftrom  1^  to  8  miles  per  hour.  Thus,  for  6  boors  per 
day  his  traetion  at  m  miles  per  boor  will  be  100  lbs,  Ac.  When  ascending  a  hill,  bis  power  dimtn. 
Isbes  so  rapidly,  flnom  having  partially  to  raise  bis  own  weight,  (which  averages  about  1000  to  1100 
fto.)  that  np  a  slope  of  6  to  1,  he  can  barely  straggle  along  withont  any  load.   On  such  an  aMsent. 

he  must  exert  a  force  equal  to  489  B>s  per  ton,  or  of  186  lbs  for 
tbe  1000  Bo  of  his  own  weights  Assarotng  that  on  a  level  piece  of  good  turnpike,  be  would  when  haul* 
far  a  cart  and  load,  togeifaer  weighing  1  con.  have  to  exert  a  traction  of  60  lbs:  then  on  ascending  a 
hUl  of  40  inellnation,  (or  1  lo  14.8:  or  860M  ft  per  mile,)  he  would  have  to  exert  156  lbs.  sgalnst  thr 
gravity  of  tbe  1  ton :  and  67  lbs,  against  that  of  bis  own  weight;  or  Z23  lbs  in  all.  He  msy,  for  s  fea 
mins.  exert  without  iiOary,  about  twice  bin  regular  traction.  This  calculation  shows  that  up  a  bill 
ef  40,  an  average  horse  is  ftally  tasked  In  drawing  a  total  load  of  one  ton :  and  should,  tberefore,  be 
allowed.  In  such  a  oase,  to  choose  his  own  gait ;  and  to  rent  at  short  intervals.  A  Mr  load  for  a  single 
horse  with  a  ean,  at  a  varlabH  walking  poce.  working  10  hours  per  dav.  on  a  common  undulating 
mad  in  good  order,  Is  abont  half  a  ton,  In  addition  to  the  cart,  which  will  be  abc 
▼Ith  two  horses  to  this  same  oart.  the  /aod  alone  may  b«  about  1  )i  tons. 
B«M.    Since  the  sotion  f'  ""  -—..---- 

useeata  beeome 

Thna.  on  aa  ascent  of  f>,  < 


lame  oart.  tne  raod  alone  may  n«  annnt  I  h  tons. 

m  of  gravity  I*  the  same  on  good  roada  and  bad  one*.  It  follows  that 

e  more  objectlonitble  tbe  better  the  8*oiUl  to. 

r>,  or  184.4  ft  per  mile,  gravity  alone  reqniraa  a  traetion  of  78  fts  per  ion; 


) 


M4  TRACnOK. 

whiob  ii  about  10  tlmM  that  on  a  lerol  railroad  at  6  mtlM  an  hoar ;  bnt  only  nhon*  oqnal  to  tta*  on  a 
level  oommon  turnpiko  road,  at  the  sane  •peed.  Therefore,  (to  epeak  eomevhM  at  random,)  It  vooli 
loqnire  10  looomotlree  instead  of  1 ;  bat  onlj  2  horses  Instead  of  I .  A  grade  oriinS5;orlMftten 
mile;  or  1°  88',  is  aboot  the  steepest  that  permiu  hones  to  be  driven  down  a  hard  smooth  road,  in  n 
fast  trot,  withoat  danger.  It  should,  therefore,  not  be  exooeded  ejEoepi  when  abaoloteiy  aooesaaiy, 
espeeUllj  on  turnpikes. 
On  canals  and  oUier  waters,  the  liqnid  is  the  resisting  mediam  thu 

tskes  the  plaoe  of  fHetioo  on  level  roads.    But  unit  he  fHoUou.  its  resistanee  varies  as  the  sonaraa  ef 
the  vols :  at    leaat  from  the  vol  of  i  ft  per  see,  or  1.38*  milee  per  boar ;  H 

that  of  IIM  ft  per  see,  or  T.84  m  per  b.  As  the  speed  falls  below  1  )<  ua  per  b.  the  rashitaaoo  variao  lea 
and  less  rapidlj;  and  this  is  the  ease  whether  the  moved  bodj  lloatt  panlv  above  the  anrfaoe;  or  ie 
entirelv  Immersed.  In  towing  along  stagnant  oanals,  Ae.  the  vc-l  is  nsaally  fkom  1  te  SH  m  per  h; 
for  fMight  most  frequently  from  l)i  to  S.  Less  foroe  is  required  to  tow  a  boat  at  say  3  m  per  h,  when 
there  is  no  onrrent,  than  at  say  I34  m  per  h,  against  a  ourrent  of  94  m  per  h,  beoaaso  in  th«  laet  oaso 
the  boat  has  to  be  Ufltd  up  tiie  very  gradual  inolined  plane  or  slope  whieh  prodoees  the  eanoit. 
The  foroe  required  to  tow  a  boat  along  a  oanal  deponda  gremUif  upon  the  oomparaUvo  tnamvmrm 
seotlooal  areas  of  the  ohannel,  and  ef  the  immersed  nortion  of  the  boau  When  the  width  of  a  eaaal 
at  water-line  is  at  least  4  times  that  of  the  boat ;  and  the  areaof  lu  transveree  seeUon  ns  great  as  at  leaat 
tyi  times  that  of  the  toMierssd  transverse  seotion  of  the  boat,  the  towing  at  usual  oanal  rela  will  bo 
about  as  easy  as  In  wider  and  deeper  water.  With  tosadlmeaslonB,  it  booomM  flsore  tfBdalk  (O'An- 
boisson.)  Xuob  also  depends  on  the  shape  of  the  bow  and  other  parts  of  the  boat ;  and  oa  the  pt eiies 
tlon  of  its  length  to  Its  breadth  and  depth.  Henoe  it  Is  seen  that  the  more  weight  of  the  load  la  by  no 
means  so  oontrolling  an  element  as  it  is  on  land.  The  whole  su^jeot,  however,  is  too  latricato  10  be 
treated  of  here.  M orin  states  that  naval  oonstruotors  estimate  the  resistanee  to  sailing  and  saeaas 
vessels  at  sea,  at  but  trom  about  .5  to  .7  of  a  B>  for  every  sq  ft  of  immer«ed  transversa  aeetioB,  vhaa 
the  vel  is  8  ft  per  see,  or  2.046  miles  per  hour.    It  if  Ihr  greater  on  canals. 

On  the  Sdinylklll  BTavliratlon  of  Pennsylvania,  of  mixed  otoal 

and  slack  water,  for  IDS  miles,  the  regular  load  for  8  horses  or  mules,  is  a  boat  of  very  fall  bnlld;  and  m 


keel :  100  ft  long.  17^  ft  beam ;  and  8  ft  depth  of  hold ;  drawing  534  ft  when  loaded.*  Welchtaf  bo^ 

'  ins;  load  175  tons  of  ooal,  (3240  lbs;)  total  weight  240  tons,  or  80  tons  per  horse  or  nsnle. 

nx  trip  with  the  loaded  boats,  for  4  days,  the  animals  are  at  work.  metuaUg  towutg,  (oxoept 

at  the  looks,}  for  18  hoars  out  of  the  24 ;  thus  ezeoeding  bj  Ur  the  Umita  of  Uaae  nsnally  n&owed  Ihr 


about  06  tons;  load  175  tons  of  ooal,  (3240  lbs;)  total  weight  240  tons,  or  80  tons  per  h 
On  the  down  trip  with  the  loaded  boats,  for  4  days,  the  animals  are  at  work.  metuaUg  Co 

at  the  looks,}  for  18  "  "    - -^    "    -^  -.   ^ w_.._. . 

oontinoons  eflbrt. 

On  the  eanal  seotlona.  (whioh  have  80  ft  va«ar«llM ;  and  6  ft  depth.)  tha  apead  Ul9i  milaa  per  fcewv 
and  on  the  deep  wide  pools,  8  miles. 

On  the  up  trip  with  the  empty  85-ton  beaU,  the  average  speed  la  about  8^  mllea  par  hear.  Tha 
empty  boats  draw  16  to  18  ins  water ;  and  frequently  keep  on  without  stopping  to  rest  day  or  eifiht 
through  the  entire  distance  of  108  miles.  The  animals  ganerallv  have  3  or  8  days'  rest  aiaaeh  oed  of 
the  trip ;  but  are  materially  deterioniMd  at  the  end  of  the  boating  M*ason. 

If  our  preoeding  assumption  of  148  Bio  traotion  of  a  horse  at  IK  miles  per  hour.  Is  Gatiaul,  the 

traotton  of  tha  loaded  boats  on  tha  oanal  aeoUona  la  •—-- —  =1.83  Bio  per  ton. 

80  Ions 

The  Intelligent  engineer  and  superintendent  of  the  8ch  Nav.  James  F  Smith,  glvaa  as  the  results 
of  hia  own  extensive  observation,  that  one  of  theee  large  boau  loaded  (240  tons  in  all)  may,  witboot 
distressing  the  animals,  be  drawn  along  the  canal  seotlons,  for  10  hours  per  day,  as  fellowa :  By  ono 
avoTrngo  horae  or  mule,  at  the  rate  of  1  raile:  bv  two  animals,  m  IM  milea :  and*^  three,  at  1%  mOea 
per  hour.  When  four  animals  are  used  the  gain  of  time  is  rary  trifling.  At  a  time  of  rivalry  among 
the  boatmen,  one  of  them  used  8  horses ;  but  with  these  onoUl  not  exceed  m  miles  par  honr  In  tho 
canal  portiona.  Two  or  more  horses  together  cannot  for  honra  pnll  aa  mueh  aa  when  working  eopa 
rately. 

If  our  praeediug  short  Uble  of  tha  iraetlon  of  a  horae  at  diff  vob  for  10  bonra  la  eetraet,  then  tha 
traotion  of  the  above  loaded  ooal  boats  (240  tons)  on  the  oanal  aeetions  of  the  navigation,  la  aa  Mtowa : 
The  last  column  shown  the  traotion  In  Be  peraq  ft  of  area  of  Immersed  tzaaararaanaetlan  where  laigaat; 
tIs,  aboot  95  sq  ft. 

Boraos.  llUos  per  Hour.  Iiha.  par  Ton.  Lba.  per  Sq  Fv 

1 1 M* »••* ••••"• 

« IH ?|S l.» S-50 

8 1« J}5 1.78 4.50 

8 on  pools 3    }J5 1.56 tM 

8 2« 5Jg 8.88 ft.U 

8up.trip 2H %^ 4.61 UM 

I^aehlne  CSanal,  Canada,  120  ft  wide  at  water-line;  80  ft  at  bottom ;  detitli 

•n  mitre  sills  9  ft ;  6  horses  tow  loaded  schooners  with  ease. 

Befors  the  enlargement  of  the  Erie  canai,t  iu  dimensions  were  40  ft  waler4tne ;  88  ftbeitom; 
4  ft  depth  of  water.    The  average  weight  of  the  boats  was  aboot  30  tons.    With  T5  tons  of  load,  or  lOt 


tons  total,  they  were  towed  by  2  horses,  at  the  rate  of  about  2  milea  per  honr ;  whIeh  by  oar  lahla  glees 
a  traction  of  nearly  2.4  lbs  per  ton.  The  boata  were  about  80  ft  loaa ;  14  ft  beam :  fail  8M  ft  dfaaght 
loaded ;  henoe  the  traotion  by  our  Uble  would  be  about  5.7  lbs  per  sqft  of  immersed  transverse  aiswhrn- 


•  €kmt  of  boats,  1884,  (Schuylkill  OaniJ)  aboot  |l80a    Annual  repain  about 

•85.    Boats  last  16  to  30  years.  >ongth.  103  ft {  beam,  n«  fit  draft.  1^  teftJi  ft|  eapadiy,  M 
•ens :  weight,  aboot  58  tons  1  speed,  with  8  molea,  IM  milea  per  honr. 

•.^'■■•^i^SSL"**'^**.**' *•"**?"■»"••  ''*»•  •■»"1«*  oanal  baa  TO  fti  «t  lit  aadTflaT 
and  coat  WMMW  per  mile  for  tha  eoiarfement  only.  Tha  eoat of  the  aenaai  *--■*■»-  fas  fo»Mi 
has  raacMl  between  S89000  and  iUoilS  par  mile.  ——.-—•- *«iai 
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ANIMAL  POWEB.  685 


irkite.  fcr  m^m  iMliI  kMftiM  »  — ■■■rwiwl.  fthetaBtaaanly  liiiiilM%«tto»,)  tlw  trMttov  at 
\9i  milea,  voold  be  SMB«  P«rtoa;  or»bwit  twl«  u  graat  u  th«  abovt  l.TC ft*.  It  alto  would  be  ft.T 
»e  per  eg  q  of  Im  wiiil  ■wtioa. 


AHIMAL  POWEB. 

Arc  !•     So  Ikr  M  regards  hon««,  this  inbject  has  bwm  partiallj  considered 
"   I  hood,  TneUea.   All  aetimatfee  on  Ihia  ittt^cet  maat  to  a  oertaln  extent  be  v 


lUKler  the  preaemag  head,  TncUea.  An  aetliaataa  on  l&u  lubfcct  maat  to  a  oertaln  extent  be  vafue. 
oviof  to  tbe  dlff  siraoctba  and  toeeda  of  uimala  of  the  lame  kind ;  as  well  aa  to  tbc  extent  of  tlirlr 
inlnlac  to  a«j  penienlar  kind  or  work.  AQtboritiea  on  the  int^eet  differ  widelj ;  and  ionietlni«:< 
expiwu  ihaoaaelTeo  la  a  looea  aaoner  thai  throws  doabt  on  tbeir  meaning.  We  beiiere,  howercr. 
Uuc  the  fbUewliic  will  be  found  to  be  as  doee  approzioBatfon  to  praetloal  averages  as  tbe  nature  of 
the  case  admits  of  with  our  present  Imperfect  knowledge.  We  suppose  a  good  arcrege  trained  horw. 
wefghlag  aot  leaa  than  about  H  •  tea,  well  flbd  and  traated.  Bmeh  •  one,  when  aetuall j  walking  for 
10  homn%4v,mttkmta»M&ti^  miloa  per  hour,  on  a  good  level  read,  aoeh  as  the  tow-path  of  aoaaal. 

er  a  diwoiar  beew.path.a  CAB  cxert »  ••■Uiiaoni  poll,  dranfflit,  power* 
or  tnMttOM,  of  I«0  Iks. 

How,  m  nllee  per  hoar.  Is  tlO  ft  per  mla,  er  t9i  ft  per  si -—  — ^.-  —  -^ 

Us  daj'a  work  of  aotual  haaUng  on  a  lerel.  at  that  speed,  i 

«00  X  W  X  IW  =  U900COOft.Be  pordi^. 


^,  noOO  n-»a  per  mla,  or  SMK  ft-lDo  par  ieo.t  Whioh  meaaa  that  be  axarts  foree  eDOOgh  during  the 

day  to  IttI  W aOOOOO  Ihe  1  foot  high ;  or  l»«00O»eir---'"-'--"'*-*~"  •'-''•• '*•■'-'-  •-    " 

.  ..^     -  ....  __  ._  -^fj,^^  (hauling)  er  fn  N;      _ 

r  throu^  wbkb  he  doea  U  must  be  so  geared  as  to  gain  speed,  ut  the  loes 


to  lUt  ISaOOOOO  fte  1  feothlgh;  or  f  SSOOOOBelOfeet  high;  or  in  000  Be  100  ft  high,  *o.  Be  may 
k  this - ^.     -     - -^ 


forea  either  In  tnttwn  (hauling)  er  In  U/timg  loada.    If  be  has  to  raise  a  small  load  to  s 
.^ ^. ^ ^  ^^..^  ^_  -  -_  .. .. ^  _.  . lo  speed,  ut  theloes 

it  weight  through  s 


i 


great  height,  the  maahlnery  throat  wbkb  he  doea  U  must  be  so  geared  as  to  gain 
(eomaMiUr  but  Improperly  so  expressed)  of  power.  Whether  be  Vfts  tbe  greet 
sman  height,  or  the  smaU  weight  through  a  graat  height,  be  ezertt  preeisely  the  same  amount  of  A 

SxparfiDeaBbawsthat  wKhln  Hw  Umfta  efS  and  10  honrt  parday,  fth«  speed  ramalBing  the  aaae.  M 

tlie  dmft  of  a  horse  niMy  be  Increased  In  aboai  the  same  pro-         ■ 
portion  as  the  time  Is  mmlnlshed ;  so  that  when  working  from  5  to  io  hours  m 

per  day.  It  will  be  about  as  shown  In  the  following  table.    Bence,  the  total  amount  of  18  200  000  fl-1bi  ^ 

per  day  may  be  aeeempllalied,  whether  the  horse  lo  at  work  6,  6,  or  8.  te,  hours  per  day.}  This,  of 
eoame.  suppeeea  Mm  lo  bo  MCaally  liftlag  or  haaling  oO  tike  Mm;  aad  makee  no  allowanee  fin-  stop- 
pageelbraiiypwpasa. 

Tahle  of  draft  of  a  horse»  a*  8^  miles  per  hour,  on  a  leTeL 

Boon  par  daj.             Lbs.                            Bows  per  day.  Lbs. 

10 100  7 142^ 

• iii4  e mk 

8 la  6 soo 

Experlonee  also  shows  that  at  speeds  between  ^  and  4 
miles  an  honr,  his  feree  or  draoipht  will  be  Inversely  In  pro- 
portion to  his  speed.  Thus,  at  i  miles  an  hoar,  for  10  hours  of  the  day,  hlg 
iraaght  will  be 

^IM    aOss         Bm         Bm 
2   :    iii    i:    in   t    135  draught. 

Atlkailaa,ltvouldbel06K1^:  at  Smlks,»Jtf  Bw;  aad  at  4  milee.esMl^:  aa  par  table  la 
Traction. 
TheraCsra,  la  this  caae  also,  the  entire  amoaat  of  his  day's  work  remains  the  same ;  \  and  within 

•  To  enable  a  horse  to  work  with  ease  In  a  eirenlar  horse*walh,  its  diam 
Should  Bot  be  leee  than  25  ft:  80  or  »  would  be  stin  better. 

t  A  nominal  horse-power  is  3S000  ft-lbs  per  minuto;  this  being  the  rate 
assumed  by  Boulton  and  Watt  In  selling  their  engines ;  so  that  purohaaers  wishing  to  substitute 
steam  fbr  horsee,  should  not  be  disappointed.  Their  assumption  oan  be  carried  out  by  a  very  atrong 
horse  day  after  dar  for  8  or  10  hours ;  but  as  tbe  engine  can  work  day  and  nlifbt  for  months  without 
stopping,  whlah  a  aorse  oannot.  It  Is  plain  that  a  one-horse  engine  oan  do  macb  more  work  than  any 
one  sooh  horse.  Benoe  many  olject  to  tbe  term  horse-power  as  applUJ  to  englneR ;  but  sIdoc  every- 
body nnderstands  Its  plain  meaning,  and  sueh  a  term  Is  conTenlent,  it  Is  not  in  fact  obfectlonsble. 
Bonlton  and  Watt  meant  that  a  one-horse  engine  would  at  any  moment  perTonn  tbe  work  of  a  rery 
strong  horse.  An  average  horae  wUI  do  bot  SaOOO  ft-fte  per  mln. 

I  It  Is  plain  that  aHbougb  tbe  day's  labor  will  be  the  name,  that  of  an  hour,  or  of  a  mln,  will  rary 
wlih  the  Bumber  of  boura  uken  ae  a  day's  work.  It  most  be  remembered  that  a  worUng  day  of  a 
glrea  anmber  of  boon,  by  no  nneans  impliee,  in  every  case,  that  number  of  hours  of  aetwU  work; 
but  Ineludee  intermissions  and  rests. 

{ This  retnarh  abont  speed  will  not  apply  to  loads  towed 
ttironvh  the  water.    Thus,  if  his  dranght  at  2  miles  an  hour  lie  12ft  lbs ;  and 

-.__  ..__...  .„._.  ..^ ._-^-._.,. -'-Bs;  but  In  hauling  a  beat  r "^ 

esistaooe  of  the  W9ttr  Itself ; 
r  mllee ;  probably  4  tlmee  ai 
,  enBee  Ibr  m  lead  half  as  | 
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at  4  mflas.  91%  Ss ;  be  will  on  land  draw  loade  In  thew  proportions ;  but  In  hauling  a  beat  thrwgh 
Iko  motor  at  tbe  greater  speed .  be  baa  to  enooua  ter  the  Inoreased  reoistaooe  of  the  wottr  Itself :  wblrh 
lUslatsBee  at  4  mllee  fe  mweh  mere  than  twice  as  great  ae  at  t  mllee ;  probably  4  tlmee  as  great. 
ThereftiT«,at4mneB0«aeaBal,  Ms  draught  of  OIM  Se  would  not  enBee  Ibr  « lead  half  as  grsat  as 
•a  ee«ld  teerida  hie  draft  of  la  Sa  at  8  mllea. 


666  ANIMAL  POWER. 

•11  the  (loicfolnc  limit*  »'  boon  ud  speed,  maj  lie  pnotlo»l|y  takea  to  be  etavt  IS  nOM9  ffk-Ae  pm 
dAj :  or  ZJOOO  rt-1b)i  per  min  of  &  daj  of  10  boan.  Bet  It  does  not  fellow  tkmt  the  herw  «■■  Ai«a»i 
In  prutloe  seiualhr  U/t  load*  at  tbat  rate ;  btseaaie  feneralij  ■  part  of  his  power  U  etrii—ded  ia 
OT«reomtag  itivfrtctton  of  the  maehioerj  wbioti  he  puia  in  motion ;  and  moreover,  the  Dature  of  the 
work  majr  reqaire  him  to  stop  frequoatl.r  ;  so  that  In  a  warktug  dmg  of  b  or  10  howrs,  «h«  horae  may 
not  aotuallj  be  at  work  more  than  6,  6.  or  7  hears. 

As  a  roogh  i4>prozlmallen,  to  sllow  for  the  waste  of  forse  In  oreroeosiiig  the  MoUoa  of  heisriitf 
maehinery.  and  the  weUht  of  the  hoisting  ehalns,  bookeU,  Ao.  we  majr  say  that  file  vaefnl 
or  pajrliiiT  datljr  net  work  of  a  horse.  In  liolaUMy  hy  m  eoH»- 

mon  irin*  l"  ehoat  10000000  n-Bo.  That  Is,  hewiU  raise  equirslMit  to  10000000  »•  Mtef 
water,  or  ore.  Ao,  1  fooC  The  load  whieh  he  ean  raUe  at  onee,  loolndlng  ehalna.  hootet.  aa4  mm 
allowanoe  for  bioilon,  will  be  as  maob  greater  than  his  own  dlrsot  foree,  as  the  diam  of  the  hene> 
walk  is  greater  than  that  of  the  winding  drum ;  and  it  will  move  that  mueh  slewor  than  he  4eea 
Uls  own  dlreet  force  wIU  varj  aooording  to  the  number  of  hoars  per  oay  that  be  maj  be  reqaJrad  le 
work,  as  in  tho  foregoing  Ubie.  With  iheM  dau,  the  elae  of  the  baekeu  oan  be  dooidad  ea ;  aad  ef 
thete  tbere  sbonld  be  at  least  two,  so  thst  the  emptj  one  at  the  bottom  maj  be  Uled  white  tha  tall  om» 
at  top  is  being  emptied ;  so  as  to  save  Ume.    The  same  when  the  work  U  done  bj  matu 

Art.  2.  A  prmetlsMl  laborer  liaallnir  alone  a  level  ronA,  by 
a  rope  over  his  shoulders;  or  io  a  circular  path,  ptuhing  bafbro  hints 

hor  lever,  at  a  speed  of  from  m  to  8  miles  per  honr.  exerts  about  %  part  as  mooh  foraa  aa  a  horeo; 
or  2  aOO  000  rt-lb4  per  dav ;  or  3068^  tt-^a  per  mln  of  a  daj  oflO  boors  of  aotual  haaUag  or  paahlag. 
Bttt  laborors  hwqnentlj  have  to  work  nader  oironnssuooss  lest  advaaMgeoas  for  the  exertioa  oC 
their  foroe  than  when  hauling  or  pnshlng  la  tho  manner  Just  alloded  to ;  and  in  auah  easee  the/  oaanel 
do  as  much  per  daj.  That  in  tnrnlag  a  wlaoh  or  oraak  like  that  of  a  grindstone,  or  of  a  oraae,  the 
eootlnaal  bendUg  of  the  body,  and  motion  of  the  arms.  Is  more  aUgning.  The  Slse  of  a 
Wineh  should  not  exceed  18  Ins,  or  the  rad  of  a  olrele  of  S  ft  diam;  aad  acalntf 
It  a  laborer  ean  esert  a  foroe  of  abwat  Id  lbs,  at  a  vel  of  SX  ^  per  see,  or  l&O  ft  per  mln,  maUiig  very 
aearly  10  luras  per  mln ;  for  8  hoors  per  day.  To  these  S  hoars  aa  addltioa  most  be  made  of  abeat 
H  part,  for  short  rests.  Or  if  a  wwrMay  day  Is  taken  at  8.  er  10,  Se,  hoare,  4  part  mast  gsati  ally  be 
taken  from  It  for  saoh  resu.  On  the  foregoing  daU  aa  hoai^  work  of  80  mln  of  oeftMl  koitttmg 
wooldbe 

At        R         atla 
16  X  160  X  80  =  144000  ft-fts; 
or.  dedaotlng  ^  part  for  rssle,  115100  n-lbs  per  honr  of  Mate,  lacIiMUa^  rests.    Ia  praetioe,  bowcrer 
a  forther  dedaetlon  must  be  made  for  tho  frio  of  the  maohine,  and  Ibr  the  wt  of  the  hoUtlag  ehalas; 
and  in  oaie  of  raising  water,  stone,  ore.  Ao.  from  piu,  for  the  wt  of  the  baeketa  also.    As  a  rsogh 
average  we  m«y  ansume  that  these  will  leave  bat  100000  ft-lbe  of  payiog.  or  oaeftil  work  per  hear; 

that  is.  tbat  a  man  at  a  wineh  will  actually  lift  equivalent  to 
100000  Ihs  of  water,  ore,  Ac,  1  foot  hlffh  per  hour**  time,  in- 

elndiniP  rests.  This  is  eqaal  to  1888m  ft  lbs  per  mln  of  a  day  of  10  hoars,  Inolodlng  resta. 
Tbereforo,  In  a  day  of  10  working  hoars  he  woald  raise  1 000000  lbs  net.  1  fbot  high ;  Or  JUSt  JL 

part  of  what  a  horse  would  do  with  a  irin  in  the  same  time.  Websva 
before  sseo  that  io  baallag  along  a  kvel  road,  he  eaa  at  a  slow  paoe  perform  aboat  %  of  the  dailf 


he  will  do  it  at  a  proportion atdy  slower  rate;  thns,  aooompllBhing  oa^  the  saaM  daily  daty. 
With  a  Vln,  like  thCMC  for  horses,  bat  Hghtor,  with  «  or  men booketa.  a  vra» 
Used  laborer  will  la  a  working  d^  of  10  boars,  raise  from  1 300000  to  1 400000  fl-^  net  of  water,  era, 
*e.  With  a  shallow  well  or  pit,  mere  time  Is  lost  la  emptying  buekets  than  to  a  deep  one ;  bat  the 
deep  one  will  reqaire  a  greater  wt  of  rope.  To  save  time  in  aU  sneh  operations  on  a  large  seals,  there 
should  be  at  least  two  baokets;  the  empty  one  to  be  filled  while  thj  foil  one  is  being  emptied.  It  is 
slso  best  to  employ  t  or  more  mea  to  hoist  at  the  same  time,  by  winehes.  at  both  ends  of  the  axis; 
aad  the  men  will  work  with  more  ease  If  the  winebes  are  at  right  angles  to  eaeh  other.  Raeh  wlaoh 
handle  mar  be  long  enouf  h  for  3  or  8  men.  An  extra  man  should  be  employed  to  empty  the  baekete. 
He  may  uke  turns  with  the  holsters.    The  «ame  remarki  appir  in  eome  of  the  fnllowlBg  oaees. 

On  a  treadwiieel  a  practiiwd  laborer  will  do  about  40  p«r  cent  more  daily 
duty  than  at  a  wineh ;  or  ia  a  warklag  div  *  «r  10  hoare.  Inelndlng  leeu,  be  wlU  do  abeat  1 400008  fo> 
lbs.  And  he  oan  do  this  whether  be  works  at  tbe  outer  oiraomf  of  the  wheel,  stepping  npea  foot* 
boards,  or  tread-boards,  oa  a  level  with  its  axis ;  or  walks  inside  of  It  near  its  bottom.  Ia  both  oasss 
be  sou  by  his  wt.  ataallv  about  ISO  to  140  Ihs ,  and  not  by  the  museaUr  strength  of  his  arms.  Whca 
at  the  level  of  the  axis,  bis  wt  aots  more  directly  than  when  he  walks  on  the  bottom  of  the  wheel; 
but  In  the  flrjt  ea«e  he  bas  to  perform  a  slow  and  fotlgnlog  datr  raMmbliag  that  of  walking  ap  ■ 
eontinuoas  flight  of  steps ;  while  In  the  second  be  has  as  It  wen*  merrly  to  aeoend  a  very  slightly  la 
olioed  plane:  which  be  oan  do  ranoh  mnre  rapidly  fnr  hours,  with  eomparatively  little  fotlgoe:  aad 


this  rapidity  oompeasates  for  the  less  direct  action  of  his  wt.  Therefore.  In  either  ea«e.  as  e  . 
has  shown,  be  accomplishes  about  the  same  amount  of  dally  duty.  Tread  wheels  may  be  ftnom  5  to  > 
ft  io  diam,  aocordiog  to  the  nature  of  the  work.  They  are  generally  worked  by  several  men  at  ooee, 
aad  may  at  times  be  advantageously  used  in  plle-drirlng,  as  well  as  In  hoisting  water,  stone,  Ae. 

Bjr  a  ffood  common  pnmp,  properly  proporitoned,  a  pisotised  labom 
will  in  a  day  of  10  working  boon,  raise  about  1 000000  ft-1bs  of  water,  net.t 

Balllnff  with  a  livht  bncfcet  or  scoop,  be  can  aAoompliah  about 
wo  000  a  lbs  net  of  water.  By  a  bncket  and  SWape.  m  long  lewr  raeklnc  Tcrtieally, 
and  weighted  at  one  end  so  as  to  bahtoce  the  foil  buoket  hung  from  the  other;  often  seea  atoeuatrj 


•  Tbe  working  day  must  be  nnderstoed  to  Inolnda  nncMsary  rsets.  and  si 
aatare  of  the  work  demands :  bat  does  act  laolode  time  loei  at  meohi.  A  woHtmo  dot/  nf  10  heofs 
may,  therefore,  have  but  8.  7.  or  8.  Ao  hoars  of  actual  tahor.  This  will  be  anderstood  whea  we  hste 
after  speak  of  a  working  dav,  or  simply  a  day. 

t  Dasegaller'e  satiamtes  of  daily  work  of  mea  and  heraee  oaned  the  abora,  bat  are  •BllNly  too  grsal 


JLimiAL  FOWEB.  OOf 


ralMth* 

over 


««Ils,) MOtM  toSmooa.  in  the  la«t  k«  ha*  wly  to  pan  down  tlM  empty  boeket.  and  ihmhj  i 

Maotorweiffht.  BjT  s  bncketo  »t  the  ends  of  m  rope  mnipeiNled 

»  pulley,  SOOOOO  to  aooooo.    Her*  h*  work«  the  bMkMa  bj  palling  the  rop«  bj  hud. 
By  m  tympan,  or  tympABaoi,*  worked  by  *  trMdwheel,  about  1 200001 

Id  1400000. 

By  m  Persian  wheel.f  m  eli»ln*panip«  m  ebaln  of  barketB4  or 

mn  ArelilniMles  aerew,  all  worked  by  a  trvudwheel,  from  bOO  000  to  1 000  000 
tt-lkm,  or  thMc  foor,  the  ftnt  three  loee  aseful  effeot  by  either  ■pUlIni,  lenkin(,  or  the  neoeeeltj  fbr 
ratalBf  the  water  to  •  level  eomewhat  higher  than  that  at  whieh  It  la  dlMbarged. 

When  maj  of  the  Ore  foregoing  Baahlnee  are  worked  b/  men  at  winehe«,  the  reoalt  wUl  be  aboat 
%  'are  than  bj  treadwheela.  They  are  all  freqoently  worfcea  abo  by  either  eteam, water,  or  horee-power. 

By  walklny  backward  and  forward,  on  a  lever  wblcb  roekii 


hoon ;  or  6040  A- Be  per  min ;  or  nearly  -^  of  the  net  dally  work  of  a  hone  in  a  gin. 

A  laborer  Btandtnir  stillv  can  barely  raatain  for  a  few  mIn,  a  load  of  100 

ba,  by  a  rope  orcr  hla  ■boalder,  and  thenee  paaeing  off  hor  OTer  a  puller.  And  eearody  ai  nmeh, 
vtMB  (fhdng  the  load  and  policy)  he  bold*  the  end  of  a  bor  rope  with  hia  banda  before  him.  He  can* 
»o(  puib  hor  with  hU  hands  at  the  height  of  bis  shoaldrrs,  wiib  wore  than  abont  80  Iba  force. 

Webbaoh  eutea  ftam  hla  own  obeervation.  that  4  praetiaed  men  raiaed  a  dolly  (a  wooden  beetle 
or  rammer,  of  wood;  with  4  hor  prqjectlng  roand  bar*  for  handle*)  weighing  120  lbs,  4  ft  high,  at  the 
rate  of  84  timra  per  mln,  for  4^  min  ;  and  then  rested  for  4)^  min :  and  so  on  sltemately  tbroogb 
Iha  10  boors  of  their  working  day.  Therefore,  6  of  these  honrs  were  kwt  in  rests ;  and  the  duty  per 
fDrmed  by  each  man  daring  the  other  6  hoars,  or  SOO  ailns,  was 

In  tbe  old  mode  of  drlvlnip  pile*,  where  the  ram  of  400  to  1200  Ibi 

■■spended  from  a  palley.  was  raised  by  10  to  40  men  palling  st  separate  eords.  from  85  to  40  1^  of  th« 
ram  were  allotted  io  each  man.  to  be  lifled  from  12  to  18  times  per  min,  to  a  bei|ht  of  89i  to  4H  fcet 
•aeh  time,  for  aboat  8  min  at  a  spell,  and  then  8  min  reat.  It  waa  Terr  laborioaa ;  and  tbe  gangs  had 
to  be  changed  about  nearly,  after  performing  bat  H  an  hoar's  aoiaal  labor. 

Hanllny  by  boraes.  See  Traction.  When  working  all  day,  tay  10  working 
keors,  the  arerage  rate  at  vtlcl]  a  hMntc  vaWi  vhM?  Usnllog  a  fall  load,  and  while  retoming  with 
the  empty  rehkle,  is  abom;  'i%n  ii^  mik^  par  boar;  but  tu  allow  for  stoppages  to  rest,  Ao.  it  la  safsst 
to  take  It  at  bat  aboat  1  '^  uillfv  |wr  luiitir.  «ir  IfU  ft  F<«-r  meci.  The  time  lost  on  each  trip,  in  loading 
aad  nnleadlng.  may  aaaal i  v  U'  i  <i\r  n  ai  n^vu i  1 5  ml u .  Th^f^rv h^n,  to  find  the  namber  of  loads  that  eau 
be  hauled  to  anr  glren  d  •>  .  i  ..t,  nr»L  ami  ilir  tioic  hi  mi^n  reqd  in  hauling  one  load,  and  return 
tng  emptr.    Thanidlrti  i^c  tm  fi  ui  whicb  i)i«  ]ir>.i  is  to  be  hauled;  or  in  other  words,  dir 

tbe  length  in  ft.  of  tbe  roi  'y  IM  fu    Th<r  qiini  U  cti'  number  of  min  thst  the  horse  is  in  mo- 

tion during  each  round  trl  '  ■  ^  waoi  adii  lb  ml  n  Im  c  cnr  1 1  trip  while  loading  and  unloading ;  tbe 

earn  is  the  total  time  in  i  ;  I  <M  br  e«:h  roand  trl  p.     I  >ir  tae  number  of  min  in  a  working  day 

(600  min  in  aday  of  10  wo  >r-«j  h'j  ihla  nacilwr  of  niJa  rsqd  for  eaoh  trip;  the  quot  will  be  the 

Bomber  of  trips,  or  of  loa  '  1  pfir^lmr. 

Kx.  How  many  loads  w  .  h  a  >n  in  a  ^1  i«t  rvf  Mtn  ft  In  a  day  of  10  working  boars,  or  000  min  T 

tfors.  MO  X  S= IMO  ft  of  round  trip  at  eaeh  load.    And  -— -  =  It  min.  oeeapied  io  walking.    And 

'^         000         min  in  10  hours 
n+15  In  loading.  ke)  =  fj  mln  reqd  for  eaeh  load.    Finally.  ~  =  ^^"      ~^  =  «.2.  or 

•ay  n  trips,  or  loads  hauled  per  day. 

Table  of  number  of  loads  banled  per  day  of  10  worfclnar 
iioani.  The  tint  col  ie  the  distance  to  which  the  load  ia  actnally  hauled ;  or  hair 
the  leaf  th  of  the  round  trip.  The  eost  of  haullog  psr  load.  Is  supposed  to  be  for  ooe-horae  oaru ;  tbe 
drlTor  doing  the  loading  and  nnleadlag ;  rating  the  expense  of  horse,  oart,  and  drirer  at  ts  per  day. 

•  The  tympaa  rerolres  on  a  bor  shaft:  and  is  a  kind  of  large  wheel,  the  spokes,  arms,  or  radii  of 
whIeh  are  gutters,  treogha,  or  pipea.  which  at  their  outer  ends  termiaaie  In  aooopa,  which  dip  Into 
the  water.  Aa  the  water  Is  gradually  raised.  It  llnws  along  the  arms  of  the  wheel  to  iu  axla.  where 
It  la  dlaehd.  The  seeop  wheel  is  a  modtfleatlon  of  It.  It  Is  an  admirable  msebioe  for  ralaing  large 
quantities  of  water  to  moderate  heights.  We  cannot  go  into  any  detail  respecting  this  and  other 
hydraoHo  maohlnas. 

t  A  kind  of  large  wheel  with  backets  or  pots  at  the  ends  of  Its  radiating  arms ;  rerolres  on  a  hor 
aCb;  discharges  st  top.    The  bocketa  are  attaehed  loosely,  so  as  to  hang  rert.  and  thus  aroid  i>pill> 


i 

{ 
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Dili. 

Ko.or 

Cost  per 

Diet. 

Ko.or 

Cost  per 

DUI. 

No.  of 

Coot  per 

Feet. 

Lowls. 

Lo.4. 

Feet. 

Leada. 

Lowl. 

Miles. 

LowSa. 

LoJl 

Cu. 

Cu. 

Cta. 

W 

98 

5.M 

UOO 

18 

11.11 

nsr 

100 

87 

6.11 

aooo 

16 

1S.SS 

IM 

asjs 

MO 

84 

6.88 

2500 

IS 

16.88 

IH 

M.68 

800 

n 

6.25 

8000 

11 

18.18 

8»M 

400 

so 

6.67 

S500 

10 

80.00 

mjgj 

000 

17 

7.41 

4000 

9 

S2.» 

IMiOt 

1000 

a 

».0» 

6000 

» 

28.57 

200.00 

> 


If  the  loedlnff  and  onloodlnr  !■  «aoh  as  oanno*  be  deoe  by  the  driver  atone;  bat 
of  eraoei.  or  other  maehiDery,  an  addition  of  from  10  to  50  eu  per  load  mar  beoooie  i 
Ing  can  generally  be  more  ebcapl/  done  by  uaing  2  or  8  horaea,  and  one  driver,  to  n  vehioia. 
load  per  horse,  in  addition  to  the  veblole.  will  nauaUy  be  trom  }<  to  1  ton,  depending  on  I 
and  grades  of  the  roiul.    Frum  18  to  15  cub  fl  of  solid  stone ;  or  fTom  23  to  27  cub  feet  of , 

make  1  ton.    In  esUmatlBtf  for  lubulliiy  r^oirlK  ^umrrj  mtmm»  for 

drain*,  ealverC*.  Ac,  bear  Hi  mind  that  eaeh  onb  yard  of  oonmen  aeaMiled  raMk 
masonry,  requires  the  hauling  of  abeot  1.2  eob  yds  of  the  atone  aa  uanaUv  piled  no  fSor  enle  in  the 
quarry ;  or  about  K  of  a  enb  yd  of  the  original  rock  tn  place.    A  CUb  y<l  Of  SOlHI  flliOHM!, 

wben  broken  Into  pleeeii,  usually  occupies  about  !••  cub  yds 

perfectly  loofie  ;  or  about  1H  when  piled  up.  ▲  atrong  eart  liar  atone  banUng.  wltl  velgk 
Awut  M  ton :  or  1500  fta ;  and  vill  bold  stone  enough  for  a  perch  of  rubble  masonry  ;  or  any  1.2  pen 
of  the  rough  stone  in  piles.    The  average  weight  of  a  good  working  horae  la  about  3^  *  ton. 

Morin  irlves  tbe  following  results  from  careful  experiments  made  I9 
him  for  the  French  Qovernment.  The  draft  of  the  same  wheeled  vehloto  on  a  road,  awy  In  pmedet 
be  considered  to  be. 

1st.    On  bard  turnpikes,  and  pavements;  In  proportion  to  tlw 

loads :  inversely  as  the  diamt  of  the  wheels ;  and  nearly  independent  of  the  width  of  tire.  It  faorenaaa 
to  uncertain  extenu  with  the  ineqaallties  of  the  road;  the  stiSbcss  (want of  spring)  af  the  vntdde; 
,Dd  tbe  tpeed ;  (oondiderably  less  than  as  tbe  square  roots  of  the  last.) 

ad.  On  soft  roads,  tke  draft  Is  less  wltb  wido  tires  tkau 
witk  manpower  ones:  and  for  fanning  purposes  he  reoommeods  a  wldlh  of 
4  ins.    With  speeds  from  a  walk  to  a  fast  trot,  the  draft  does  not  wtj  sensibly. 
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TBUSSES. 

INTRODUCTION. 

General  Prlnclpl«i. 
!•  Tnus  Deslffn  a  Specialty.  The  design,  oonstruetion  and  erection 
of  truaaee  have  become  a  specialty,  to  which  persons  confine  themselves  more 
or  1^  exclusively,  and  thus  attain  a  deme  of  expertness  beyond  the  reach 
of  the  general  enaineer  *  The  latter,  however,  should  have  a  knowledge 
of  the  subject,  sumcient  at  least  to  enable  him  to  form  a  well-grounded  opin* 
ion  of  the  general  merits  of  a  desijBn  and  to  guard  him  against  the  adoption 
of  one  involving  serious  imperfectioos.  In  a  volume  like  this  we  can  discuss 
only  general  prmciples. 

2.  The  Tnm  Prinelple*  Theoretically,  a  truss  consists  of  a  number 
of  straight  bars,  joined,  near  their  ends,  by  perfectly  flexible  joints,  loaded 
only  at  these  joints,  and  so  arranged  that  all  its  internal  stresses  are  sus- 
tained by  its  members,  and  only  the  vertical  f  pressures,  due  to  the  weights 
of  the  truss  and  its  load,  are  transmitted  to  the  abutments. 

8.  DiBtinetlon  between  Beams  and  Trusses.  When  a  solid  beam 
(Fig.  2,  %  7,  Transverse  Strength)  bends,  under  its  own  weight  or  under  that 
of  its  load,  all  the  fibers  above  the  neutral  axis  are  compressed,  while  all 
those  below  are  extended;  and  the  resulting  change  of  length,  in  each  fiber. 
18  proportional  to  the  distance  of  the  fiber  from  we  neutial  axis;  but,  in  a 
truss,  the  loads  (including  the  weight  of  the  truss  itself)  are  theoretically 
regarded  as  divided  into  portions  which  are  concentrated  at  the  joints  be- 
tween the  members  and  which  act  through  the  cens  of  grav  of  their  cross- 
sections.  So  placed,  the  stresses  caused  by  them  could  not  act  transversely 
of  the  members,  as  in  a  beam,  causing  so-called  secondary  stresses,  but  must 
act  longitudinally  or  axially  of  the  members,  and  must  be  uniformly  distrib- 
uted over  their  entire  crossHsectional  areas.  This  is  the  distinguishing 
feature  of  all  trusses. 

4.  In  such  a  truss  the  material  would  be  used  most  economically,  and  the 
stresses  in  each  piece  and  in  each  part  of  such  piece  could  be  r^idily  and 
accurately  determined. 

ff.  In  the  truss  of  a  well-designed  bridge  or  roof,  this  ideal  condition  is 
approximated  by  using,  for  the  principal  members,  straight  and  rather 
Slender  pieces,  and  b^  so  distributmg  the  extraneous  load  that  it  shall  be 
applied  only  at  the  joints  between  the  members,  thus  subjectina  them 
chiefly  to  forces  acting  at  their  ends  and  in  the  directions  of  their  lengths. 
In  pin-connected  trusses  (see  ^  175)  the  joints  are  practically  flexible. 

Most  of  the  trusses  m  common  use  consist  of  two  long  members, 
usually  horiaontal  (but  see  H  49).  called  chords ,  extending  throughout 
the  span  and  connected  by  web  members,  which  are  sometimes  all  in- 
clined, and  sometimes  alternately  vertical  and  inclined.  Inclined  web 
members  are  called  dIaffonalB. 

0.  Ties  and  Stmts.  A  member  sustaining  tension  is  called  a  rod  or 
tie.  One  sustaining  compression  is  called  a  strut  or  ^ost.  One  capable  of 
sustaining  both  tension  and  compression  is  called  a  tie-strut  or  a  strut-tie. 

7.  The  dimensions  of  a  truss  are  usually  measured  along  the  center  lines 
of  its  members;  and.  in  pin-connected  triisses,  the  pins  are  placed  at  the 
intersections  of  these  lines.  Hence,  the  measurements  are  usually  made 
from  "center  to  center  of  pins." 

8.  In  a  plate  girder,  the  flanges  are  usually  regarded  as  performing 
the  function  of  the  chords  of  a  truss,  and  the  web  as  performing  that  of  the 
web  members  of  a  truss. 

^  Railroad  oompaiiies  and  mimicipal  corporations  frequently  prepare  their 
own  bridge  specifications;  but  the  general  proportions,  number  of  panels, 
etc.,  are  often  left  to  the  judgment  of  the  bidders. 

t  We  here  suppose  the  truss  to  be  loaded  vertically.  If  the  load  is  other- 
wise applied*  as  m  the  case  of  the  wind  pressure  upon  a  horisontal  bracing 
truss,  the  pressure  on  the  supports  may  oe  horiaontal,  or  otherwise  inclined 
to  the  vertical,  but  all  the  internal  stresses  are  still  sustained  by  the  truss 
membecs.  Digitized  by  L^OOglC 
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liOadlnff. 
9.  Dead   and   Ure   Load.     In  bridges,  we  distinsutsh  between  the 
"dead"  and  the  "live"  load;  the  dead  load  oomprising  the  weight  of  the 

Sermanent  structure — i.  e.,  of  the  bridge  itself,  witn  its  tnisses.  bracing  and 
cor  system ;  while  the  live  load  comprises  any  temporary  and  extraneous 
loads,  such  as  engines,  cars,  horses,  vehicles,  foot  passengers,  etc^  which 
may  oome  upon  the  bridge 

10*  The  dead  load  is  usually  distributed  uniformly  along  the  span,  but 
the  loaded  chord  (that  carrying  the  roadway)  of  course  usually  receives  a 
neater  share  of.it  than  the  unloaded  chord.  The  live  load  comes  only  upon 
the  loaded  chord.  In  determining  stresses,  it  is  usual  to  consider  the  weight 
of  live  load  and  of  floor  system  as  being  on  the  loaded  chord,  and  the  rest  of 
the  dead  load  as  divided  equally  between  the  two  chords.  1 1  sometimes  ha  p- 
>Bn8,  however,  that  both  the  upper  and  the  lower  chords  carrv  roadways. 
They  must  then,  of  course,  both  be  treated  as  ''loaded/'  though  not  neces- 
sarily equally  loaded;  for  one  may  carry  a  railway  while  the  other  earries 
only  a  highway. 

TJnsymmetrlcal  Loading.    Count erbraeliiK* 
11.  Unsymmetrlcal  Ltoadlng.     In  Figs.  2  to  10,  the  loads  are  sup- 
posed to  be  placed  symmetrically. 

12*  If  this  could  be  the  case  in  practice,  the  compression  members  would 
never  be  called  upon  to  resist  tension,  or  the  tension  members  to  readst 
compression;  and  the  trusses  in  Figs.  2  to  10  would  suffice  (supposing  each 
member  to  have  sufficient  strength),  even  though  the  compression  members 
were  incapable  of  resisting  tension  and  vice  versa.  Thus,  the  tension  mem- 
bers might  be  flexible  chains,  and  the  compression  members  mi|^t  be  posts, 
merely  abutting  against  supports  at  their  ends. 


P* 


Fly. 


13.  But  in  a  truss,  Fi^.  1  (a),  with  a  flexible  tie  in  the  panel  P.  as  shown, 
the  load  W,  unsymmetncally  placed,  would  cause  failure,  as  indicated. 

14.  Counterbracing*  To  prevent  this,  those  members  which,  under 
moving  loads,  may  be  subjected  alternately  to  both  tension  and  compression, 
may  be  so  constructed  as  to  be  able  to  resist  both  kinds  of  stress.  That  is  to 
say,  the  tension  members  may  be  so  stiffened  as  to  be  capable  of  acting  as 
posts,  and  the  ends  of  the  compression  members  so  connected  to  the  chords 
that  those  members  can  also  act  as  ties.  This  is  the  expedient  usually  em- 
ployed in  trusses  without  vertical  web  members. 

15.  Counters.  In  trusses  with  rectangular  panels,  the  distortion.  Fig. 
1  (a),  caused  by  unsymmetrical  loading,  is  usually  prevented  by  the  intro- 
duction of  additional  members  called  counterbraces.  or  counters,  in  distinc- 
tion from  the  "main"  members,  which  last  are  designed  to  resist  the  normal 
stresses  due  to  uniformlv  or  symmetrically  distributed  loads.  Thus,  in  Fig. 
1  lb)  the  unsyrametrieal  load,  W,  tends  to  convert  the  rectangle,  p.  into  a 
rhomboid,  by  lengthening  its  diagonal,  W  d:  and  this  may  be  prevented  by 
the  introduction  of  an  oblique  tension  member  (counter)  in  the  line  of  that 
diagonal,  as  shown  by  dotted  line.  For  a  similar  reason,  such  a  counter  is 
inserted  also  in  the  corresponding  panel,  x  d. 

ie«  TrlanKles.  It  will  be  noticed  that  the  introduction  of  counters 
reduoes  the  truss  to  a  framework  made  up  exclusively  of  trianifUa. 

17.  It  might  at  first  sight  appear  that  the  several  parts  of  a  bridge  truss 
must  be  most  strained  when  covered  from  end  to  end  with  its  maximum 
load ;  but  this  is  true  only  of  the  chord  and  of  the  main  diagonals  and  verti- 
eals  near  the  end§  of  the  truss.  The  other  web  membm  miay  be  more 
strained  by  a  part  of  the  load,  placed  unssrmmetrioaUy  on  the  truss;  so  that, 
although  correctly  proportioned  for  a  full  load,  they  may  be  too  weak  for  a 
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psrtial  one.  If  all  be  made  as  strong  as  the  end  ones,  they  will,  it  is  true*  be 
safe  for  a  paasmg  load;  but  this  would  require  an  expense  of  material  tnat 
would  be  justified  only  in  the  case  of  moderate  spans,  especially  of  wood,  in 
w;hich  the  additional  trouble  and  expense  of  gettmg  out  and  fitting  togetiier 
pieces  of  many  different  siies  may  more  than  counterbalance  the  savmg  in 
materiaL 

18.  In  larae  bridges,  where  the  live  load  is  small,  relatively  to  the  dead 
load,  but  little  counterbracing  is  needed,  and  that  at  and  near  the  center 
only;  whereas,  in  a  very  light  bridge,  the  counters  should  extend  from  the 
oenteTj  where  they  are  most  strained,  to  near  the  ends,  where  the  strain  upon 
them  18  least. 

Cross-braelBff. 

19.  Braelns  between  Trusses*  Advantage  is  taken  of  the  proximity 
of  the  two  or  more  trusses  of  a  bridge,  standing  side  by  side,  to  connect  them 
by  cross-bracins,  thus  ^ving  to  the  entire  structure  far  greater  Lateral  stabil- 
ity than  would  be  possible  in  the  single  trusses. 

20.  Thus,  lateral  bracing.  Fig.  39,  consists  of  horizontal  trusses  placed 
between  the  two  upper  chords  of  the  main  trusses,  or  between  the  two  lower 
chords,  or  both;  the  chords  of  the  main  trusses  acting  also  as  the  chords  of 
the  lateral  trusses.  The  lateral  bracing  prevents  lateral  deflection  of  the 
chords. 

21.  Sway  braclns.  Fig.  64  (c)  (called  also  diagonal,  cross,  vibration  and 
wind  bracing),  consists  of  short  trusses  (usually  vertical)  grossing  the  bridge 
transversely  and  thus  connecting  the  two  trusses.    Toe  sway  bracing  has 

its  own  chords,  but  uses  parts  of  the  posts  of  the  main  truss  as  its  end  posts.  a 

22«  Portal  braclniTt  Fig.  54  (a),  consists  of  sway  bracing  (usually  in  an  m 

inclined  plane)  joining  the  tops  of  the  end  poets  in  trusses  of  sufficient  depth  fl 

to  permit  its  use.  ^  The  portal  bracing,  with  the  end  poets,  forms  a  portal  ■ 

through  which  trains,  etc.,  enter  the  bridge.  ^ 

Types  of  Trusses. 

23.  The  simplest  form  of  trtisa  consists  of  a  single  triangle.  Figs. 
2  (a)  and  (5).  In  Fig.  (a)  the  locul  produces  compression  in  the  rafters, 
tension  in  the  chord  or  tie  rod,"*  and  compression  (  »-  the  tension  in  the 
chord)  between  the  heads  of  the  rafters ;  in  Fig.  (b)  vice  versa. 

24.  The  truss  shown  in  Fig.  2  (a)  is  in  common  use  for  roofs  of  small  span, 
as  in  dwellings.  In  practice,  it  is  of  course  loaded  along  the  rafters,  and  not 
only  at  the  apex  as  in  Fig.  (a) ;  but.  in  calculatizig  the  stresses  in  truss  mem- 
bers, we  commonly  first  assume  that  the  loads  are  concentrated  at  the 
ta/srsectums  of  the  members.  The  effect  of  their  actual  distribution  along 
the  members  is  then  determined  separately,  treating  the  members  as  beams. 


Flff.  2.  Flir«  S* 

25.  In  Fig.  8  (a)  (called  a  King  truss),  the  vertical  tie  (improperly  called 
a  King  post),  and  m  Fig.  3  (6)  the  vertical  post,  simply  carries  the  weight  of 
the  load  to  the  apex,  «,  where  it  produces  the  same  effect  as  in  Figs.  2  (a) 
and  (6). 

26.  Hence,  neglecting  the  weights  of  the  vertical  tie  and  other  members, 
the  strsssee,  caused  by  a  given  load,  W,  in  the  diagonals,  and  in  the  horizon- 
tal tie.  Fig.  3  (a),  are  the  same  (not  only  in  character,  but  also  in  amount) 
as  those  produced  by  an  equal  load.  W,  in  Fig.  2  (a).  Similarly,  those  in 
Fig.  3  (6)  correspond  with  those  in  Fig.  2  (&) . 

*  In  Fiin.  2  to  12,  and  14  to  17.  double  or  heavy  lines  indicate  posts  or 
•tnits,  and  light  lines  indicate  ties.  igi  i  ^ci  by  v^OOg . 
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37*  Figs.  A,  8;  aad  6,  giving  modifioatknis  of  tlie  rimpb  formi  ahoirt 
in  FigB.  2  Mid  3,  ilhistimte  in  prineiple  most  of  the  bridge  tniaeee  in  eoni- 
mon  use  forspana  up  to  300.  400  or  even  600  feet.  See  Fige.  7  to  10. 11 86^ 
etc 

88.  In  Figs.  4,  5.  and  6,  there  is  an  upper  chord,  in  eompreanon^  and  a 
lower  chord,  in  tension ;  the  shorter  chord  sustaining  the  oompitaaBtozi  be* 
tween  the  heads  of  the  rafters.  Figs.  2  (a)  and  8  (a),  or  the  horisoiift;;;^^  lAw 
between  the  feet  of  the  diagonals,  Figs.  2  (bliand  3  (6) .  Figs.  4  (a)siid  J  la} 
are  modifications  of  Figs.  2  (a)  and  3  Ca) ;  Figs.  4  (6)  and  5  (fr)  of  Fin.  3  w 
•nd3(fr):  Fig.e  (a)  of  Fig.  2  (a),and  Fig.6  (^of  Fig.2  a»> 

(») 


Fly.  4. 

t89.  Figs.  4  (a)  and  4  (b)  may  be  regarded  as  showing  Figs.  3  (o)  and  8  (M 
respectively,  with  the  vertical  member,  as  well  as  the  load,  split  in  two.  and 
the  two  parts  separated  by  horixontal  straining  pieces.  If  the  loads  are 
placed  symmetrically,  so  that  the  horixontal  pressures.  Fig.  4  (a),  or  tensionsi 
Fig.  4  (6),  on  the  two  ends  of  the  shorter  chord,  are  equal,  the  two  diagonal 
counters  in  the  center  are  unnecessary. 

W 


)  (a) 

Fly.  5. 

80.  Howe  and  Pratt  Systems*  In  Fig.  5  (a)  the  vertical  web 
members  ^re  in  tension,  and  the  diagonals  are  m  compression,  embodying 
the  "Howe"  principle,  used  in  bridges  with  wooden  diac^onals;  while  in  Fig. 
6  (h)  the  verticals  are  in  compression,  and  the  diagonals  m  tension,  embody- 
ing th.  "Pratt"  principle,  used  in  bridges  with  metal  diagonab.  In  suck 
bridges  long  compression  members  are  objectionabx. 


Fl«.  «. 

81.  Warren  or  Trianfnilar  Trusses.  In  Ffg.  0,  IllustratSng  the 
"Warren"  or  "triangular"  truss,  the  web  members  are  all  diagonal,  a  d  are 
alternately  in  tension  and  in  compression.  They  divide  the  truss  profile 
Into  UoBcilet  triangles. 

32,  Through,  Deck  and  Pony  Spami.     Fikh,  4  (a),  5  (a)  aniJ  fl  (o)* 


with  the  roadway  on  the  lower  chords,  are  cal  '■  ■  I  "  1 1 1  r-  nmh  "  epiina.  and  Fi|r». 
4  (6),  6  (6)  und  6  (6),  with  the  roadway  on  the  ■  hI,  at*  called  *'  dee*" 

spans.    The  deck  span  permits  the  use  of  sw  :  (^ee  121)  bcl  wf^o. 


and  throughout  the  depth  of,  the  two  or  m  -  JtormiiiiE  the  bridfc^, 

while  the  through  span  of  course  does  not;  Vij>t  tb^^  ihc>  of  the  tnroa^h  spaa 
is  often  required,  in  order  to  give  sufficient  hcntl-room  for  bpnts.  Btsodiv 
trains  on  crossing  roads,  etc.,  befow  the  bridge ,  A  t  nisa,  I ojided  on  the  I u  w«r 
chord,  but  too  shallow  for  lateral  bracing  {=-<-<*  *i  20)  b**twfM!n  the  upptr 
ehords,  is  called  a  "pony"  truss  (or  "pony  tliroug^"  tru9i^). 

33.  Panels.  The  points  where  the  vertieal  web  members  meet  the 
ehords,  in  Figs.  4  and  6.  are  called  panel  points |  and  the  rectangular 
spaces,  a  n,  n  c  «  d,  etc..  Fig.  6  (a),  between  the  vertioahi,  are  called  panels. 

34.  The  Warren  truss.  Fig.  6,  has  no  verticals,  as  essential  parts  of  it.  See 
11  45  and  46.  Its  subdivisions  are  called  simply  triangles:  and  a  panel  is  • 
length  of  truss  equal  to  the  width  of  a  triansle.  A  panel  of  either  ohonL 
liowever.  Is  that  portion  of  it  between  two  panel  points.      .    r\r\n\o 

digitized  by  VJvJVJ  V  IV^ 
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85.  Farther  modifieationB  of  these  deagps,  with  more  numerous  panels, 
•re  shown  in  Figs.  7  to  10.  Fi^.  7  (a)  and  8  (a),  with  verticals  in  tension, 
represent  the  Howe  truss  of  Figs.  4  (a)  and  5  (a),  while  Figs.  7  (6),  8  (b), 
9  (a)  and  0  (6),  with  diagonals  in  tension,  represent  the  Pratt  truss  of  Figs. 
4  (6)  and  5  (b) .     Figs.  10  represent  the  Warren  truss  of  Fig.  6. 

30»  Fig.  8  <a>  reoreeenta  simpiv  Fi^.  7  (a),  lowered  so  as  to  become  a  deck, 
instead  of  a  through  bridge;  while  Fig.  8  (6)  represents  Fig.  7  (6)  converted 
from  a  deck  to  a  through  span  by  being  earned  on  vertical  end  posts. 

S7.  In  Fig.  8  (a),  the  vertical  end  posts,  and  the  hoxisontal  piece  at  eaeh 
end  of  the  loaded  chord,  form  no  part  of  the  truss  proper.  I'he  latter 
simply  act  as  beams,  supporting  the  load  during  its  passage  from  the  abut- 
ment to  the  truss  and  vice  versa.  The  end  post  in  Fig.  (a)  supports  onlv 
one  end  of  this  beam,  while  that  in  Fig.  (6)  supports  luilf  the  tnisa. 


*^^^^P^^'  ^^\M^AAA7^ 


(«)  (ft) 

TlM«iiirlK  Howe.  Deck 

Fiff.  7. 


|/M/-lXKf\f\|   ^^W^^^^        i 


Deck  BLowe.  Tkroayli  Pratt. 
Flff.8 

^«)  w 

n%e^  Pratt.  Tbroairli  Pratt. 


(•)  (*) 

Deek  Warren.  Tliroairl>  Warren. 

Fiir.  10. 

38.  In  Figs.  8  the  middle  vertical  carries  no  part  of  the  load.  Theoret- 
ically it  serves  merely  to  prevent  defleetion  of  the  two  unloaded  middle 
chord  panels  under  their  own  weight :  but  in  practice  such  members  are  often 
inserted  for  the  purpose  of  obtaining  convenient  connections  for  lateral 
pieces,  such  as  floor  beams. 

38.  In  Figs.  9  (modifications  of  Fig.  7  (&})  and  in  Fig.  10  are  shown,  in 
ininciple.  the  most  common  forms  of  metal  bridge  truss,  used  as  deck  and 
as  through  spans  respectively. 


40.  In  Fig  9  (a),  as  in  Fig.  8,  the  vertical  end  poets  and  the  horisontal 
"     *  *     loaded  chord  form  no  part  of  the  truss;  and  '    "* 

ehiifd  panels."  igitrzed  !!\?D?1§ .    ' 


pieces  at  the  ends  of  the  loaded  chord  form  no  part  of  the  truss;  and  in  Fig. 
9  (fr).  as  in  Figs.  8,  the  middle  vertical  supports  only  the  unloaded  middle 
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41.  Tnteraeetlons*    In  deep  trussee,  two  or  more  sets  of  web  i        

are  Bometimee  oombined  in  one  trusB,  with  one  pair  of  ehords.  Thue  tlM 
two  simple  Pratt  tnisees  shown  in  Figs.  1 1  (a)  and  (6)  combine  to  make  Um 
"Whipple"  or  "doable  intersection  Pratt"  trusB,  Fig.  11  (c),  recently  in 
general  use. 

Flff.  11.  Flff.  12. 

4!3.  Similarly  the  two  simple  Warren  trusses,  in  Figs.  12  (a)  and  (b),  oom- 
bine  to  form  the  double  intersection  Warren  of  Fig.  12  (c). 
43.  A  combination  of  four  systems  is  called  a  "quadruple  interseetloa* 
See  Fig.  59  «). 

I  t    u  V    I 
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44*  The  old   Towne  "  lattice  '*  truss.  Fig.  13.  consisting  of  planks 
crossing  each  other  (ustially  at  right  angles)  and  bolted  or  tree-nailed  to> 
ther  at  their  intersections,  may  oe  regarded  as  a  combination  of  several 
arren  trusses. 


Wi 
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(*) 


45.  Sub-yertlcals.  In  deep  trusses,  where  the  horisontal  spread  of  tha 
panels  is  considerable,  sub-verticals,  v.  Figs.  14  and  15.  are  often  used,  erae- 
3ially  in  Warren  trusses,  to  support  the  segmenta  of  the  loaded  chord.  Sea 
also  Figs.  50  (i),  (r).  and  (»).  


(•) 


(*) 


^^mwm^ 


Tig.  15. 

In  the  **  Baltimore**  truss.  Fig.  15  (6),  each  diagonal  Is  braced,  at  its 
middle  point,  by  a  short  diagonal  strut  inclined  in  the  opposite  direction,  aud 
a  sub-vertical  is  suspended  from  their  junction.  With  very  long  panela, 
sub-verticals  are  sometimes  used  for  the  panels  ol  the  unloaded  chord  alaob 
See  Fig.  15  (e). 
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48.  ColllstoB  ttmts,  or  collision  posts.  8, 

•nd  (i).  and  73  (a),  are  used  for  braoins 
blow  from  a  derailed  train. 


50  (*);  («),  (•); 
end  poeta  against  a 


(a)  (h) 

Flff.  1«. 

47.  Fink  and  Bollman  Trusses.  Figs.  16  show  two  obsolete  modi« 
fications  of  Fie.  3  (6),  vis. :  the  Fink«  Fig.  16  (a),  and  the  Bollman,  Fig.  16  (fr). 
The  large  bridge  over  the  Ohio  River  at  Louisville,  Ky.,  completed  1870.  is 
of  the  fink  type.  The  Bollman  was  largely  used  on  the  Baltimore  and  Ohio 
Railroad  years  ago. 

48.  In  the  Fink  and  in  the  Bollman  truss  there  was  but  one  ehord,  as 
shown.  This  ohord  usually  carrisd  the  roadwav.  Where  the  roadway  was 
placed  lower,  it  gave  the  truss  the  appearance  oi  having  two  chords.  Under 
uniformly  distributed  loads,  in  thi>  Fmk,  and  under  alTcireumstanoes  in  the 
Bollman.  the  stress  in  this  ehord  was  uniform  throughout.  In  the  BoUman 
(see  Fig.),  the  longitudinal  stresses  in  the  ehord  were  all  applied  at  its  ends. 
Each  type  may  be  regarded  as  a  combination  of  several  suspension  trussas  like 
Fig.  3  (&)  •  In  the  Bollman,  the  simple  trusses  were  all  of  the  same  span  and 
depth;  and  each  vertical  post,  except  the  joentral  one,  divided  its  simple 
truss  eccentrically.  The  Fink  principle  is  still  largely  used  in  metal  roo 
trusses.    See  Figs.  26. 


FtV.  17. 

49.  Curved  Chords*  Trusses  with  curved  or  "broken"  chords.  Fig.  IT. 
are  frequently  used  for  long  spans.  The  members  themselves,  bstween  panel 
points,  are  alwasrs  straight.  In  the  bowstring.  Fie.  17,  the  panel  points 
of  the  upper  chord  lie  in  a  curve,  convex  upward,  in  the  crescent  truss, 
the  lower  ehord  also  is  convex  upward.  The  bowstring  truss  has  the  ad- 
vantage,  over  those  with  horisontal  upper  chords,  of  making  all  the  chord 
and  web  stresses  more  neariy  equal,  thus  simplifying  the  construction  and 
reducing  the  weight  of  the  trusses.  It  has  tfa«  disadvantai^  of  permitting 
no  overnead  bracing  near  the  ends  of  the  span.  If  the  curve  of  the  upper 
chord  is  made  parabolic,  the  dead  load  stress  is  uniform  throughout  the  lower 
chord,  and  in  each  vertical  ^ow  in  tension)  the  stress  is  equal  to  the  dead 
load  on  the  lower  ohord.    The  diagonals  receive  no  dead  load  stress,  but 


are  called  into  action  only  by  eccentric  loads. 


( 


Flff.  18» 

50.  The  Burr  tmss^  Fig.  18,  at  one  time  much  used  for  wooden  bridge^ 
was  a  oombination  of  a  Howe  truss  and  an  arch.  .    ^ ..  ^ .  ^ 
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Camber. 
51*  Camber*  In  praetioe,  the  members  of  the  upper  and  lower  ehordv 
of  bridges  are  not  placed  perfectly  in  line,  butro  that  the  chords  curve  sliglrtly, 
with  the  convex  side  upward,  lliis  curve  is  called  the  camber.  Its  object 
is  to  prevent  the  truss  from  bending  down  below  a  borisontal  line^  when 
heavily  loaded.    When  the  chords  are  cambered  (see  y  a  and  c  d.  Fie.  19)* 


Fl», 


they  become  approximately  concentric  arcs  of  two  large  circles,  of  whieh  the 
center  is  at  t;  and  the  upper  one  plainly  t>ecomes  longer  than  the  lower. 
1  he  verticals,  instead  of  remaining  truly  vertical,  beeome  portions  of  radii  of 
the  arcs  mentioned ;  and,  althoogn  their  lengths  remain  unchanged,  yet  their 
tope  are  farther  apart  than  their  feet;  and  this  renders  it  necessary  to 
lengthen  the  diagonals.    See  1 1 211-214. 

Cantfleyers. 
62,  The   canttleyer  prlnelple  is  shown,  in  Fig.  20,  where  A  and  B 


Ftff.  ao. 

represent  counterweights  or  anchorages.  Fig.  21  shows  the  Niagaia  oanti- 
lever  bridge.  It  consists  of  two  cantilever  tnissesi  ad,  a'  br,  eonneeted  by 
an  ordinary  truss,  6a',  which  is  suspended,  by  a  vertical  link  at  each  ead, 
from  the  ends  of  the  cantilever  trusses.  The  weight  of  the  trass  is  counter- 
balanced by  anchorages,  A  and  B,  or  by  weichts.  or  both.  The  prmeipal 
advantage  of  the  cantUever  is  that  it  may  be  built  outward  from  the 
piers  across  the  channel.  It  thus  greatly  facilitates  erection  in  oases  where 
false-work  cannot  well  be  used. 


FliT.  »!• 

Moyable  Bridges. 
83.  Moyable  bridges,  including  draw,  swing  and  lift  bridges,  are  of 
three  geneiid  classes ;  one  in  which  the  movable  part  slides  horiaontally,  one  in 

which  it  swings  horisontaUy,  and  one  in  which  it  swings  vertscan^.  Oidlp 
narily,  the  movable  span  is  pivoted  near  the  middle,  anoswings  honaonteUy 
on  the  central"  swing"  or  "pivot"  pier,  as  in  Fig.  22. .  la  such  casesit  is 

OigitizeclbyVjDOy  . 


oniftUy  mounted  on  a  eratral  piTot,  or  on  a  nest  of  rollen  or  wheels  running 
on  a  eiroaiar  traok.  Such  a  bnd^e  must  be  so  designed  that,  when  it  is  swung 
open,  or  if  it  is  not  brou^t  to  a  bearing  at  the  ends  when  closed,  it  shall 
sustain  not  only  its  own  weight,  but  also  any  other  loads  that  may  come  upon 
it.  In  addition,  each  half  must  be  able  to  act  as  a  bridge  supported  at  both 
ends,  with  all  possible  live  loads;  for,  as  an  unbalanced  live  load  comes  on 
either  end,  that  end  will  be  brought  to  a  bearing.  In  elaborate  bridges,  pro- 
vision is  made  for  raising  the  ends  of  the  draw  span,  when  closed,  thus 
bringing  both  ends  to  a  firm  bearing,  and  the  floor  flush  with  that  on  the 
adjacent  abutment  or  fixed  span.  This  raising  is  usually  made  sufficient 
to  relieve  the  middle  pier  of  only  a  portion  of  the  load.  The  bridge  then 
aets  like  a  "continuous*'  girder  (see  Transverse  Strength,  UK  78,  etc.)  sup< 
ported  at  three  or  at  four  points^  depending  upon  the  arrangement  of  the 
bearing  on  the  pivot  pier. 


Fiff.  8S. 

IM.  Drawbridges  in  which  the  novable  part  swings  vertlcslly  (the  shore  end 
carrying  a  counterweight)  may  either  revolve  about  a  pivot,  or  they  may  roll,  as 
In  the  Schener  rolling  lift  Wrld^  Fig.  2S.  In  the  Scherzer  Bridge  the  center  of 
gravity  of  each  of  the  two  moving  wings  remains  at  a  constant  elevation,  bo  that 
no  lllung  or  lowerinx  of  siieh  wing  occurs,  and  the  work  done  consists  merely  in 
overooming  the  rolling  friction  of  the  curved  end  of  the  wing  upon  its  support, 

55.  Skew  brMCM  ara  need  where  a  channel  road,  etc.,  is  crossed  ob- 
liquely, and  where  it  is  inconvenient  to  have  the  abutments  perpendicular  to 
the  trusses.  For  simplicity  in  making  floor  eonneotions,  etc..  the  truss  is 
usaally  so  dwrigned  ae-to  bring  the  panel  points  opposite  each  other,  as  in 
Fi0i.  24  and  25.    Where  the  skew  is  out  suight,  this  necessitates  a  diilerenoe 


( 


nxr^     ,:%rrrn 


(a) 


-"^^S^    ...-^S^ 


XUwtio* 
Flff .  M.  FIV.  M. 

In  \nclination  between  the  two  end  posts,  as  in  Fig.  24,  involving  complicap 
don  in  the  oonoeetions  for  the  portal  braomg.  Bnt  where  the  skew  is  greater, 
it  may  be  possiUe  to  make  it  just  equal  to  ooa  or  mora  even  panels,  adjusting 
the  panel  length  to  suit,  and  thus  leaving  each  truss  symmetrical,  as  In  Fifr 
26.  In  each  fi^re,  thoee  members  which  belong  only  to  the  farther  tnitf 
(thenpper  one  m  the  irfan)  aro shown  by  dottedUam, 
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Boot  TnusM. 
56.  Boof  tnusMi  are  made  in  a  great  variety  of  forms.  Thoee  shoini  in 
Figs.  26  are  common.  In  Fig.  26  (a),  part  of  load,  at  d,  compresses  the  rafter 
from  d  to  a,  while  the  remainder  compresses  the  strut,  dh^  and  pulls  the 
rod  h  i  and  the  i>art-chord  h  a.  Similarly,  part  of  e  passes  throuf^  c  a  to 
a,  and  the  remainder  through  e  k  d  h  i  to  the  apex  t.  Thus  each  load 
is  eventually  carried  by  the  members,  part  to  the  apex  and  part  aion^  a 
rafter  to  an  abutment.  It  will  be  seen  that  the  greatest  stresses  in  the  rafters 
and  in  the  chord  occur  near  the  ends.*    Sometimes  the  members  shown 


^ 


vertical  in  Fig.  (a)  are  inclined,  or  the  lower  chord  is  "broken,"  being  usually 
convex  upward.  Roof  trusses  are  often  oompoeed,  as  in  Figs,  (fr)  and  fc).  d 
two  Fink  trusses,  inclined,  and  leaning  against  each  other,  their  feet  oeing 
held  in  position  by  a  tie,  m  n,  and  the  rafters  forming  the  upper  chords  oi  the 
Fink  trusses. 

STRESSES  IN  TRUSS  MEMBERS^ 

General  Principles. 

57.  Conditions  of  Equilibrium.  In  trusses,  as  in  beams,  it  is  neees- 
sary  and  sufficient,  for  equilibrium,  that  the  internal  stresses,  and  their 
moments,  shall  balance  the  external  forces  and  their  moments.  The  exter- 
nal forces  (vis.,  the  loads  and  the  end  reactions)  and  the  resulting  moments 
and  shears,  are  discussed  under  Statics,  HJ  285,  etc.  We  here  discuss  the 
determination  of  the  internal  stresses.  For  the  fundamental  distinciion 
between  beams  and  trusses,  see  Trusses,  %  3. 

58.  In  general,  the  stresses  in  the  members  are  found  by  means  of  the 
principles  of  moments  (Statics,  %%  301,  etc.),  and  of  Sheaxs  (Statics,  ft  325, 
etc.),  making  use  of  the  force  parallelogram  (Statics,  ^^  35,  etc.)  or  force 
triangle  (Statics,  flf  46,  etc.),  the  force  and  cord  polygons  (Statics,  Yl  72, 
etc..  86,  etc.)  and  the  influence  diagram  (Statics,  Hi  330,  ete.). 

59.  A  very  oonvenient  method,  and  one  in  common  uml  is  tlmt  deeeribed 
more  fully  in  KH  67,  etcL,  below,  wl^ere  the  truss  is  considered  as  being  out 
through  by  a  section.  We  then  seek  to  ascertain  what  stresses,  in  the  Biein* 
bers  S9  cut,  would  be  required  to  preserve  equilibrium. 

60.  Before  the  stresses  can  be  calculated,  and  the  truss  proportioned  tc 


9  stresses,  its  weight  must  be  known;  for  this  constitutes  aload,  and  there- 
fore affects  the  stresses.  But,  on  the  other  hand,  we  cannot  learn  its  wei^t 
until  we  know  the  sises  of  its  different  members.  In  this  dilemma  we  must 
assume  for  it  an  approximate  weight,  based  upon  our  knowledge  of  some- 
what similar  trusses  already  built.  This  becomes  the  more  necessary  as  the 
truss  increases  in  sise,  so  that  its  own  weight  becomes  greater  in  proportion 
to  that  of  the  load. 


*  If  the  diagonals  were  parallel,  their  stresses,  and  those  in  the  verticals, 
would  be  greatest  at  the  center  of  the  span,  and  least  at  the  abutments. 


61.  To  dtotliisiilili  between  tiee  and  stratef  from  the  point,  «, 
Fiffi.  27,  where  the  force  is  applied,  draw  o  c  to  repieeeat  the  applied  force, 
in  the  direction  in  which  that  force  tends  to  move  the  point,  o;  and  upon  o  c 
as  a  diagonal  construct  the  force  parallelogram,  a  h.  Through  o  draw  t  %  paral- 
lel to  the  other  diagonal  a  d.  Then,  if  a  pieee  be  on  the  same  aide  of  i  »  with 
o  e,  it  ia  astnit;  while,  if  it  be  on  the  opposite  side,  it  is  a  tie. 


Flff.  97< 


62.  Ties  and  struts  may  often  (as  in  Fig.  27)  be  readily  distinguished  by 
Inspeetioi^  by  imagining  the  piece  to  be  flexible,  like  a  rope  or  eham.  If  it  b 
seen  that  it  would  then  resist  the  force  actin|;  upon  it,  the  member  is  a  tie; 
if  not,  it  is  a  strut.  Or,  suppose  that  the  piece  is  not  secured  at  its  ends. 
If,  then,  it  ia  seen  that  it  would  xeeist  the  force  aotllig  upon  it,  the  member  is 
a  strut;  if  not,  it  is  a  tie. 

63.  Or  we  may  proceed  as  follows:  In  Fig.  28  <a),  representing  joint  a, 
we  begin  with  the  known  net  vertical  reaction,  R  *;  and  find  the  unknown 
stresses  in  the  chord  and  in  the  end  post  by  means  of  the  force  triangle, 
making  their  arrows  follow  the  known  direction  of  R.  Transferring  these 
arrows  to  the  respective  truss  members,  Fig.  (d),  we  find  that  the  chord 
pulls  away  from  a,  and  Is  therefore  a  tie ;  while  the  end  post  pushes  toward  a, 
and  is  therefore  a  strut. 


{ 


wf 


(•) 


■i^s 


Fly.  2S. 

04.  In  Fig.  (5),  representing  Joint  b,  we  draw  P  upward  to  represent  the 
presBore  of  the  end  post  toward  b:  and  the  other  two  sides  of  the  force  tri- 
angle give  the  pressure  in  the  chord  member,  Q,  and  the  tension  in  the  tie,  T. 

6ft.  In  Fig.  (c),  representing  joint  c.  we  know  T.  M,  and  the  locul,  W,  and 
we  obtain  the  tension,  N,  and  pressure,  8,  in  the  ooiresponding  members. 

*  Inasmuch  as  half  of  each  end  panel  rests  directly  upon  a  support,  and 
thus  adds  nothing  to  the  stresses  in  the  membm,  we  must,  in  determining 
I,  use  only  the  x-ii/> 

net  reactloii  -  reaction  —  half  panel  load.  ^^^^ 
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6S.  TannU  «tr«8dM.  beoaUM  they  te^  to  ekmfais  a  tnembdr,  are  atm- 
v«ntionally  regarded  as  pMiiive,  and  designated  by  +.  while  eomprvmiw 
Areeses  are  regarded  as  neffoHve,  and  designated  by  — .• 

lIefiiio4  by   Seetlons. 

67.  Let  Fig.  2»  (a)  represent  a  roof  truss,  with  three  equal  loads^  W.  of 
2  tons  each,  applied  at  a,  c  and  6.  reepectiTely,  and  let  it  be  required  to  find 
the  stresses  produced,  by  those  loads  alone,  in  the  membera  a  e  and  a  d. 
Suppose  the  portion  shown  in  Fig.  29  (b)  to  be  separated  from  the  rast  of  the 
tniiBB,  as  shown,  by  outting  throu^  the  members  ae  and  ad.  The  lowor 
portions  of  those  members,  shown  m  (b),  are,  however,  supposed  to  be  held 
m  tlieir  originid  posHions  by  the  stresses  8*  and  Sa,  exerted  in  these  menk- 
bers  themselves.  Taking  moments  about  the  right  support,  b,  F!g.  38  (a|- 
we  have,  for  the  upward  reaction  of  the  left  abutme  it,  a, 

«-    2^- 

68.  We  have,  then,  at  a.  Fig.  29  (b),  four  forces,  as  follows!  two  launm 
forces,  vis.:  W,  vertically  downward,  —  2  tons,  and  R,  veriioally  upward, 

sw 
■-  —^9  and  two  unknown  forces,  8,  and  8«.    Now  S*  makes  a  known 

angle.  A,  and  Sd  a  known  angle,  B,  with  the  verUcal.  The  vertical  foree^ 
W  and  R,  have,  of  course,  no  h<Aisontal  rssolotes  (see  Statics,  H  64,  etc); 
and  their  vertical  resolutes  are  the  forces  themselveB. 


69.  The  horisontal  resolutes  of  the  inclined  forces,  8,  and  &.  an^  i» 
spectivelv:  S..8inA,  and  Sd.sinfi;  and  their  vertical  resolutea  aie: 
8».cc8in  A,  and  S«.oosin  B. 

70.  We  see,  by  inspection,  that  the  stress.  So,  In  the  rafter^  e  e,  is  eom« 
pression,  and  that  the  stress,  Sd.  in  the  lower  member,  is  tension:  but,  for 
convenience,  we  may  at  first  assume,  in  advance,  that  all  ol  the  unknown 
stresses  are  t^snsions  or  +.  Then  those  which  finally  appear  as  +  are  known 
to  be  tensions,  and  vice  versa.  Their  horisontal  resolutes,  in  this  eaas,  ars 
therefore  both  Uken.  for  the  present,  as  being  right-hMided,  or  positive;  and 
their  vertical  components  upward  or  positive  also.  It  will  be  remembered 
(see  t  66)  that  we  regard  tensions  as  positive,  and  compressions  as  negative. 

71.  Now,  in  order  that  the  four  forces  at «,  vis.:  W  -  2  tons,  downwani 
B  -  ~?^   upward,  S,  and  S*.  may  be  in  equilibrium,  it  is  necessary: 

(1)  that  the  sum  of  their  horisontal  resolutes  be  sero,  or 
S,^in  A   -f   8d.sin  B    —   0; 

(2)  that  the  sum  of  the  vertical  resolutes  be  aero^  or 
R  —  W    +  S,.008inA   +  Sd.cosinB    -  0. 

Thus,  let  A  -  45*    sin  A  -  0.707;    eosin  A  -  0.707. 
B  -  75«,    sin  B  -  0.966;    cosin  B  -  0.269, 

Ther  0.707  S,  +  0.966  S*  -  0 ; 

R  --W  +0.707  8, +  0.269  S«  -0; 

o         -IL-^-^^^^^  ,-   —  0.259  a<  — R+W 
•^  "         0.707  0.707 

0.966  8|  —  0.269  84  -  0.707  S*  -  R  -^gWsd  by  GoOglc 
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16  -  —  9. 


AgBin,  in  Fig.  30,  with  MotioQ  u  «,  streos  in  ad  -  Wi  —  R 

OOS0  aoBd' 

,  Wi+w^— R  ^  —a 


If^ih  section   «Vf   Btnm  in   «/  • 


With 


iion  vx,  Btren  in  ^d  ■» — *-2- — 2 a,  — —-.   It  will  be  seen  that  thaoe 

OOS  9  000  9 

forces,  all  actinc  downward  on  the  part  truas  to  the  lejt  of  the  section, 
give  Untion  in  ed,  and  com]ire««ton  in  V  and  gd. 
With  section  i»  we  cut  two  web  members,  ^d,  and  ge;  but  the  stress  in  gd 


has  already  been  found  ■■ 


3 


'  coeg*  ^^  vertical  component  of  which  is   *  3. 
Henoe.  stress  in  flc  -  Wj  +  W,  +  W.  +  3  —  R  »  6. 

7S.  It  is,  however,  evident  from  inspection  that  the  middle  vertical  bears 
simply  the  middle  load,  W,  -  6:  for,  cutting  the  truss  by  a  curved  section, 
as  at  e,  and  examining  the  small  portion  thus  out  out,  we  see  that  we  have 
but  two  vertical  forces  vis.,  the  central  load,  W,,  and  the  strea  in  the 
vertical  member;  and,  for  equUibrium,  these  two  must  be  equaL 


m    Y 
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74.  For  the  chord  stresses,  Kig.  30.  let  P  -  panel  length  »  10  ft.  Then 
the  bending  moment  at  the  panel  point,  d,  is 

M  -2RP— W,  P 
-  15X20— 6  X  10 
-300  —  60  "240. 
Cutting  the  truss  by  section  u  v,  we  find  that,  of  the  three  members  cut, 
only  the  upper  chord  member,  m,  has  a  moment  about  d.    Call  its  stress  S. 
Its  leverage  is  the  depth,  D,  of  Uie  truss,  «  12;  and,  for  equilibrium,  8  D  >■ 

M.     Hence,8-^-^=20. 

75.  Similaily.  taking  moments  about  «,  we  find  the  stress,  in  the  lower 

240 
ohocd  member,  /  d,  out  by  the  section,  «  v,  to  be  -r^  -  20,  or  the  same  as 

the  stress  in  the  upper  chord  panel  cut  by  the  same  section.  Inspection 
shows  the  correctness  of  this  result;  for  the  dia^nal  strut,  « /.  eindently 
delivers  to  the  upper  chord  panel,  e  ff,  a,  compreasivB  stress  or  chord  mcre- 
ment*'  (see  ^  77)  »  the  tensile  stress  which  it  delivers  to  the  lower  chord 
panel,  /  d. 

7«-  If  the  chord  members  are  inclined,  their  lever  arms  must  of  course  be 
measured  perpendicularly  to  them;  and  we  can  no  longer  use  the  vertical 
depth  of  the  truss  as  the  lever  arm. 

77.  €?bord  Tneremeiito.  Fig.  30.  Each  diag  delivers  a  comp  stress  to 
the  upper  chord,  and^  trusses  with  parallel  chords,  an  equ^  tensUe  stress 
to  the  lower  chord.  Find  the  shear,  or  vertical  component^,,  V,,  etc.,  ci 
the  stress  in  each  diagonal,  beginning  with  the  end  post.  Then  the  chord 
increments,'*  h^,  A„  etc.,  or  the  stresses  in  the  chord  members,  of  and  me, 
Jd  and  eg,  etc.,  due  to  the  ssveral  diagonals  separately,  are 

A,  »  Vitan# 

fc,  =  V.tantf 

A.  -y,  tan* 
and,    for   the   total   stress   in    each    chord    msmber,    we    have.   Hi  *  ^t: 
H,  -Ai  +A.;  H,  -A,  +A,  +  A,;  and  so  on.  Conolp 
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Shear. 

78.  Any  portion  of  a  shear  diagram  applies  to  all  those  members  thitra^ 
which  it''  shear  travels,  up  to  the  panel  point  where  the  shear  undeivoes  a 
change.  Thus,  in  Fig.  31  the  shear  diagram  on  the  right  of  the  Fig.  ineludaa 
the  vertical,  iu;  that  on  the  left  includes  the  diagonal,  mo;  and  that  *~' 
the  loads  includes  the  diagonal,  t  fi*  and  the  vertical,  m  fk 


/^K^\ 

W9                    «» 

) 


Flff.  SI. 

79.  Shear   Inflnence  Diagram.     See  Statics,  TT  325,  ete.     In  a 

fruM,  Fig.  32,  the  ordinates.  ^  g,  etc.,  to  the  line  a*  1/  (oonstruoted  as  in  Fic- 
150,  Statics.  K  349),  give  the  left  end  rBoetiona;  and  those,  ^  A,  ete^  to  the 
line  afb't  give  the  right  end  reactions,  for  any  patiHon  of  the  load;  and  the 
resulting  »/ieara  for  a  load,  W  (not  shown),  at  any  pansl  point;  but  the 
9heara  in  a  pand^  ed^  for  a  load,  W,  between  the  panel  points,  are  modified  by 
the  action  of  the  stringers  in  distributing  the  load  between  said  adjacent  panel 
points,  as  indicated  by  the  influence  hues.  9A,  etc..  for  the  several  pansls. 
Thus,  with  W  at  c  and  at  (f,  respectively,  the  shear,  m  the  panel  edl.  is  repre> 
sented  respectively  by  t/h  (negative)  and  by  d'q  (positive) ;  and.  as  the  wad 
passes  from  c  to  <<,  the  shear  in  the  panel  changes  from  crh  to  dr^ 
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But  when  W  is  placed  at  an^-  point,  e,  between  c  and  d.  ^^M  load  ii 
distributed  between  the  panel  pomts,  c  and  d,  by  the  stringer,  acting  as  a 
beam. 

80).  Thus,  drawing,  for  this  beam,  e  d  (as  for  the  whole  beam  in  Stetic^ 

Fig.  156),  the  oansl  influence  lines  idf  and  c's,  we  see  that,  as  W  moves  frost 

d  rato  the  panel  od.  as  to  s,  the  truss  reaction  at  a  is  thereby  sli^tly  increased 

xun  drq  to  €h;  but  at  the  same  time  a  portion  of  W,  represented  by  s'l,  is 


earned  by  the  trintcf  toe,  where  it  diminiriiiMi  thcAef^t  (diKto  the  tmaa 
metion  at  a),  leaving  tk  as  the  value  of  the  ahear  in  the  panel.  Ab  we  place 
W  sucoeasively  at  other  points,  farther  from  d.  and  approachinc  o,  the  load 
carried  by  the  stringer  to  e,  and  represented  by  the  ordinates  irom  efd'  to 
/(f,  continue  to  increase  faster  than  does  the  left  end  truss  reaction,  R, 
represented  by  the  ordinates  from  a'6'  to  a'l/ ;  and  the  resulting  shears  in  the 
panel  are  represented  by  the  ordinates  from  jdf  to  iq.  At  o,  the  part  load, 
</7f  carried  to  c.  is  —  the  left  truss  reaction,  and  the  shear  in  the  panel  is  sero. 
With  the  load  between  o  and  c,  the  part  loads  carried  to  e,  and  represented  by 
the  ordinates  from  i/  ef,  U>  if,  axe  ffnaUr  than  the  oorresponaing  left  end 
tmas  reaotaons:  and  the  result  is  a  negative  shear  in  the  panel,  indicated  by 
the  ordinates  from  ia  to  if.  It  will  be  noticed  that  the  resulting  shears 
throughout,  both  positive  and  negative,  are  indicated  by  the  ordinates  from 
c'd'  to  hq.* 

Reversing  the  prooessj  a  similar  argument  may  be  applied  to  the  panel 
influenoe  line  e's,  oeginmng  with  the  load  at  e,  with  negative  shear  in  panel 
—  c'h,  and  supposing  it  moved  aeroos  the  panel  to  d,  where  positive  shear 
in  the  panel  beoomes  —  d'q. 

81.  In  the  case  of  a  unlf  oim  load»  extending  on  to  the  span  from  the 
right  SI  ■  •  ••        


«'m46V;  and  manifestly  this  area  mcreases  as  the  head  of  the  load  ap- 
proaches o;  but  when  it  reaches  o,  the  area  above  a'f/  can  increase  no  further, 
and  when  it  posses  o,  the  Jiegative  shears,  represented  by  the  ordinates  from 
i/ef  to  </h,  begin  to  reduce  the  resultant  positive  shear. 

82.  Having  found,  by  any  method,  the  maximum  shear,  d'q,  due  to  a 
oonoentrated  load  at  <f,  for  the  diagonal,  d  n.  Fig.  32,  and  the  reverse  maxi- 
mum shear,  c' A,^due  to  the  same  load  at  c  we  may  draw  an  influence 
lineu  A  9,  which  gives,  as  before,  the  point,  o,  of  position  of  head  of  uniform 
load  for  maximum  stress  in  the  diagonal,  d  n,  from  which  (as  above)  we  find 
the  corresponding  position  of  the  head  of  a  series  of  concentrated  loads. 

In  praotiee,  the  influence  line  for  shear  is  of  value  chiefly  in  thus 
finding  the  position  of  load  producing  maximum  stress,  and  the  resulting 
stresses,  in  trusses  with  curved  chords,  such  as  Fig.  17.  In  such  a  truss, 
owing  to  the  inclination  of  the  members  of  the  upper  chord,  those  members 
take  some  of  the  shears  in  their  respective  panels,  and  the  stress  in  the  diag- 
onal is  therefore  less  than  the  shear  in  the  panel. 

Graphic  Determination  of  Dead  Load  Stresaes. 

83.  Construct  first  a  diagram  of  the  truss,  as  in  Fig.  33  (a),  lettering  the 
spaces  between  the  members,  and  those  between  the  arrows  representing 
the  dead  loads.    Gall  the  end  post,  1-3,  between  A  and  B. ' '  AB, "  the  stress  in 


( 


it  **ab,"  the  load  at  2,  "ed, 

memben,  and  small  letters  i 

foroes,  and  construct  the  diagram.  Fig. 


.         .  '  etc.,  using 
memben,  and  small  letters  for  loads  and  sti 


capital  letters  for  panels  and  truss 
itresees.  Adopt  a  suitable  scale  of 
(6),  as  follows: 
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84.  Consider  first  the  point  1,  Fig.  33  (a).  There  axe  here  three  foroes 
in  eciuilibrium,  vis.,  ac,  do  and  be.  Find  the  net  end  reaction,  R  —  oe,  and 
layit  off  upward  (since  it  acts  upward  on  1)  from  any  convenient  point,  a,  to 
crig.  33  (6).     From  a  draw  an  indefinite  line  ab  parallel  to  AB  and  from  c 

•  Since  M,  }V.  gd' and  Aps^  are  parallel,  fits'  *  M  and  e'A  -  gf. 
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4lnw«6pM»tteltoBC.  obtaiaiivtheforoB  triaii«l«Mfr-ofth«iK^        Tte 
lengths  of  c6  and  6a  then  give  the  BtieeaeB  by  eoale. 

85.  In  Fig.  33  (6).  the  arrow  on  ac  indicates  the  upward  direction  of  thai 
force.  Following  around  the  triangle,  we  affix  arrows  (in  the  same  direction) 
to  cb  and  ba.  Supposipg  these  arrows  now  to  be  transferred  to  the  eone- 
sponding  members  in  Fig.  33 '(a)  we  see  that  &  e  pulls  from  the  point  1.  show- 
ing  that  &  c  is  tensile,  or  +,  while  6  a  pushes  toward  1,  showing  that  6  a  is 
compressive,  or  — . 

86.  The  characters  of  the  stresses  may  be  fbmid  more  quickly  as  follows: 
Draw  a  circle,  Fig.  33  <«).  and  place  on  it  airows  pointing  around  in  the 
<lirection  (counteiMslookwxse  in  this  case)  followed  around  the  trass  in 
constructing  Uie  load  line.  See  H  92,  below.  Tlien  consider  any  panel  point. 
Fig.  33  (a),  and  follow  the  letters  in  the  spaces  around  that  ix>int  m  the  dira»> 
*Aon  of  the  arrows  on  the  circle.  Note  the  order  of  the  letters,  and  foUow 
the  corresponding  equilibrium  polygon.  Fig.  83  (6),  around  in  the  same  direc- 
tion. This  will  give  tne  directions  m  which  the  forces  reepeotiveiy  a«t  on  the* 
point. 

87*  Thus,  consider  the  panelpoint  2.  Following  around  2  in  the  dizee- 
tion  of  the  circle,  we  read  B,  Cf,  D,  E.  Turning  now  to  Fig.  33  (6),  and 
reading  6,  c,  d,  «,  we  find  that  on  6c  we  go  from  right  to  left  (or  opposite 
to  the  direction  indicated  by  the  arrow  drawn  for  point  1);  hence  6tf  acta 
to  the  left  on  2,  and  BC  is  therefore  in  tension,  and  its  stress  6c  is  +. 
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88.  Given  now  the  stress,  6c  in  BC,  construct,  on  6e,  the  force  polygoa 
ftodefor  the  four  forces  acting  on  the  point  2.  Thus,  from  e  lay  off  ed  dowi^ 
-ward,  to  represent  the  dead  load  on  the  lower  chord  at  2.  Since  6c  acts  as  » 
pull  from  the  left  on  2,  and  since  the  forces  must  follow  each  other  around  the 
TOlygon,  cd  must  evidently  be  drawn  downward  from  c  and  not  from  h. 
From  d  draw  an  indefinite  line  parallel  to  DE,  and  from  6  another,  parallel 
to  BE.  They  will  intersect  at  some  point,  as  c,  and  «6  and  de  will  then  repre- 
sent the  stresses  in  BE  and  DE. 

89.  Inspection  would  show  that  he  -^  cd,  since  od  is  the  only  force  acting 
-on  2  with  a  vertical  component,  and  that  be  "  de;  but  the  oonstructionoi 
the  force  polygon  6cd0  is  necessary  for  the  completion  of  the  dia«nun. 

90.  Having  now  found  the  stresses  in  DE,  BE,  and  AB,  and  knowingthe 
panel  load  ( *-  g  a)  at  the  point  3.  construct  the  polygon  gabefg.  This 
gives  e  /  ana  /  g,  and  from  these  the  process  may  be  continued  and  the  dia- 
gram completed. 


91.  It  will  be  noticed  that,  in  some  cases,  a  point  on  the  diaipam.  Fig. 
33  (6) ,  is  given  more  than  one  letter.  Ordinarily  this  is  simply  a  comcidMice, 
.  arising  from  overlapping  of  the  force  pols^gons.  In  some  cases,  however,  the 
coincidence  of  the  letters  shows  that  the  stress  in  the  member  is  sero. 

92*  In  practice  it  is  usual  to  construct  first  the  entire  load  Bne  et,  thus: 
draw  first  the  net  reaction,  oc,  upward;  then,  following  around  the  truai 

^counter-clockwise,  draw  all  the  other  exterior  (dead  load)  foroes  in  their 
proper  order,  thus  ed,  dk,  A;2,  2t,  et,  tv,  vp,  po,  oh,  hg,  ga.    The  atreas  Hiit|p^w> 

r  may  then  be  constructed,  as  before.  .    ^,-^^,^ 
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93.  It  might  at  first  be  cn^poaed  that  each  mfijaber  of  th^  tnin  \ 
receive  its  maximum  stress  when  the  train  completely  covered  the  brid 
but  this  is  true  only  of  the  chord  members.  In  the  truss  shown  in  1 
33  (<0  each  web  member  receives  its  maximum  stress  when  the  gieati 
possible  ahear  occurs  in  a  section  cutting  that  member. 


Fiir.  M. 

94.  In  Fig.  34,  the  main  diagonals  to  the  Uft,  and  the.eounter*  to  the  rMi 
of  the  center,  C,  are  shown.  Any  one  of  these  members  receives  its  maxi- 
mum stress  from  a  uniformly  distribute^  load  when  the  load  extends  from  H 
to  the  r^ht  sapjport  6,  with  head  of  load  at  a  point,  o,  Fig.  32  (a),  found 
as  in  Y  81 ;  and  tncs  verwfor  the  diagonals  inclined  in  the  opposite  direction. 
Each  «€i4taif  receives  Its  maximum  stress  wjhen  the  load  extends  from  the 
kaiher  support  to  a  point,  o  (see  ^  81).  in  the  panel  beyond  the  verticid. 
This  sfartement  must  be  slishtly  modified  when  the  concentrated  wheel 
loads  are  considered.    See  If  11^7,  etc. 


,/\\mma;^ 
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9ft.  Assmned  VnUorm  JAwdt  lioad.  As  a  crude  approximation,  the 
en^ne  and  train  are  sometimes  considered  as  a  uniform  load  crossing  the 
bridge,  Fi^.  35;  but  this  method,  ifiporing,  as  it  does,  the  great  concentration 
of  weight  m  modem  locomotives,  is  apt  to  be  either  unsafe  or  wasteful  of 
material.  This  assumption  is  proper  in  connection  with  wind  pressure  on 
train.     See  %  121. 
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98.  Coneeatrated  Excess  Loads.  Again,  to  provide  for  the  locomo- 
tive loads,  one  or  more  concentrated  excess  loads,  Fig.  36,  are  sometimes 
employed.  The  stresses  due  to  these  loads  may  be  computed  separately,  and 
added  tp  the  strosses  produced  by  the  uniform  live  loads.  To  produce  the 
maximum  chord sUesaes,  the  excess  loads  should  be  in  the  middle  of  the  span, 
and  the  train  load  should  cover  the  entire  bridge.  This  method  is  fairly 
approximate,  and  engineers  are  divided  as  to  whether  this  method  of  con- 
centrated excess  loads  should  be  used,  or  that  of  the  actual  or  "typical" 
locomotive  wheel  loads  as  explained  below. 

97.  Standard  or  Typical  "Wheel**  Loadings.  In  the  method  of 
wheel  loads,  the  actual  stresses,  produced  by  the  heaviest  engines  likely  to 
cross  the  bridge,  are  considered.  iBven  in  engines  of  nearly  the  same  weight, 
the  loads  may  be  differently  spaced,  and  spaced  at  intervals  of  odd  fractions 
of  an  inch,  rendering  computation  very  laborious.  For  this  reason,  and  in 
order  to  provide  for  the  use  of  heavier  en^nes  in  the  future,  it  is  customary  to 
consider  an  imaginary  or  "typical"  engme,  with  loads  and  spacing  given  in 
round  numbers,  the  stresses  from  which  ahall  at  least  be  equal  to  those  pro- 
duced by  the  heaviest  engineslikely  to  be  used  during  the  life  of  the  bridge. 

The  liveJoads  are  ordinarily  taken  as  oonsisting  of  two  typical  locomotives 
with  their  tenders,  followed  by  a  uniform  tcain  load.     See  Ihgests  of  Sped- 
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08.  The  following  is  an  example  of  the  comptitatioB  of  live  load 
the  method  of  locomotive  wheel  loads 


by 


Fie.  37  (b)  repreaeatfl  the  loads  on  one  rail,  corresponding  to  Cooper's 
Standard,*  Class  £  40,  which  consists  of  two  coupled  consolidation  loco- 
motives, followed  by  a  train  considered  as  equivalent  to  a  uniform  load  of 
4000  lbs.  per  linear  foot.  In  the  diagram.  Fig.  37  (a),  all  loads  are  figured 
in  thousands  of  pounds,  moments  in  millions  of  foot-pounds,  and  iii^^n*»» 
in  feet. 
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98.  live  Load  Web  Stresses.      The  maximum  live  load  etn 
will  occur  in  the  web  members  of  any  panel  of  the  truss  in  Fig.  34  or  38, 
when  the  live  load  produces  the  maximum  shear  in  that  panel.     It  can  be 

shown  that  this  will  occur  when  P   =  •  where  P  «  the  live  load 

n 
on  the  panel  cut  by  the  section;  W  =>  the  total  live  load  on  the  truss, 
and  n   =   the  number  of  panels  in  the  truss.     This  equation  is  ealled  the 
criterion  for  maximum  shear. 

100,  The  following  table  is  based  upon  this  relation.  The  seoond  ool- 
umu  is  obtained  by  adding  successive  wheel  loads  to  P.  In  this  ease, 
W  =  6  P.  since  our  truss  has  6  panels.  Let  any  wheel  be  at  a  panel 
point.  Then,  by  raGving  the  wheel  a  little  to  the  left  or  riaht.  it  will  be 
included  in  or  excluded  from  P.  Hence  P  and  W  have  eaoh  a  minimum 
and  a  maximum  value  for  each  wheel  at  the  panel  point. 

Value,  P,  of  load  on         Corresponding  value  of 
panel  to  left  of  W  for  maximum 

given  point.  shear  in  panel. 

0  to  10.000 


No.  of  wheel  at  any 

given  panel 

point. 

1 


10.000  to  30.000 
80.000  to  50,000 
60.000  to  70.000 
70,000  to  90,000 


Oto  60,000 
60,000  to  180.000 
180,000  to  300.000 
300,000  to  420.000 
420.000  to  540,000 


101.  The  correct  position  of  live  load,  for  maximum  ehear  in  any  P*n«l* 
is  found  by  successive  trials.     When  the  correct  position  is  found,  the 

♦  "Transactions  Am.  Soc.  Civ.  Engrs.,"  vol.  xlo.  No.  85e»  Dee..  ISM. 
p.  227.     See  Digests  of  Speeifieationa.  Digitized  by  L^OOglC 


LIVE  WEB  8TRE8BEB. 


707 


moment  about  the  right  support  is  computed,  and  from  tlus  the  shear  is 
obtained.      For  example,  see  below. 

102.  These  operations  may  be  performed  by  computation,  with  or  with- 
out the  aid  of  graphic  methods.  As  the  method  of  computation  alone  is 
rather  tedious,  particularly  when  the  form  of  the  truss  is  complicated  by 
eurved  chords  or  sub-paneb,  and  as  the  graphic  method  is  abundantly 
accurate  for  all  practical  purposes,  and  has  the  advantage  of  direct  appeal 
to  the  eye,  only  the  latter  is  given  herewith. 

103.  The  "wheel  dlacram,"  Fig.  37  (a).* gives  (1)  a  stepped  "load 
line"  or  "shear  diagram/'  and  (2)  a  curved  "moment  diagram"  or 
"  equilibrium  polygon."     See  Statics,  HY  359,  etc. 

104.  The  load  line  gives  the  total  live  load  to  the  left  of,  and  including, 
any  point. 

105.  The  moment  line  gives,  at  any  point,  the  (left-handed)  live  load 
moment,  about  that  point,  of  all  loads  to  the  left  of  and  including  that 
point.    Thus,  to  the  left  of  and  including  wheel  No.  5  we  have 

Distance  from  Moment  about  5 

wheel  5.  in  ft.-tbs. 

23  230.000 

15  300.000 , 

10  200.000 

5  100,000 

0  0 


heeL 

Load. 

1 
2 
3 

4 
5 

10.000 
20.000 
20.000 
20,000 
20.000 

Total    90,000 


830.000 


and  the  ordinates,  ab  to  the  load  curve,  and  ac  to  the  moment  curve 
under  wheel  5,  measure  90.0  and  0.830  respectively. 

106.  Fig.  38  represents  the  truss,  to  the  same  scale  as  Fig.  37.    We  may 
call  this  a     truss  diagram."  f 
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107*  Example.  To  compute  the  maximum  shear  in  the  panel  be.  Fig. 
88,  first  find  that  position  of  the  load  which  will  produce  that  maximum 
shear.  As  a  gueas,  place  the  truss  diagram.  Fig.  38,t  with  its  point  c  under 
wheel  2,  Fig.  37.  Examining  the  load  diagram,  over  the  right  end,  0.  of 
the  span,  we  see  that  we  now  have  a  total  load,  W.  of  284.000  lbs.  on  the 
span;  and  the  load  diagram,  over  wheel  2  (placed  at  i>oint  c)  shows  (see 
also  table.  ^  100)  that  the  load.  P,  on  the  panel.  6  c,  is  now  somewhere 
between  lO.CiOO  and  30.000  !bs.;  but.  for  maximum  shear  in  the  panel.  &c, 
the  load,  P,  on  that  panel  must  be  (see  f  K  99  and  100)  =>  W  +  n  = 
284,000  -f-  6  >  30,000  lbs.  Hence.  P  must  be  increased  by  moving  the 
train  diagram.  Fig.  37,  to  the  left  (or,  which  is  the  same  thing,  by  moving 
the  truss  diagram.  Fig.  38.  to  the  right)  until  wheel  3  is  over  c.  We  now 
have  W  =i  292.000  lbs.:  P  =  anywhere  between  30.000  and  50,000;  and 
required  value  of  P,  for  maximum  shear,  =  W  +  n  =  292,000  +  6  =» 
48.667  lbs.     Hence,  the  conditions  are  satisfied,  and  panel  be  receives  its 

*  Method  published  by  Ward  Baldwin,  "Engineering  News,"  vol.  xxii, 
Sept.  28, 1889,  p.  296.     See  also  letter,  "  Eng.  J^ws."  Dec.  28, 1889,  p.  615. 

t  For  the  following  discussion  it  will  be  found  convenient  to  make  a 
eopy  of  Fig.  38,  or  simply  of  the  lower  chord,  on  a  separate  piece  of  paper 
which  may  be  applied,  in  different  positions,  to  Fig.  37. 

-|v  Oigitized  by  ^OOg  l€ 


maximum  shear,  wken  vhesl  3 10  at  e.    Thai 

tically  over  g,  the  live  load  moment  about  the  richt  support  »  17«516bO00 
ft.-tba.;  aod  the  moment  at  e  »  2334)00  It.-Ibs. 

lOS.  Let  M  =  the  (left^anded)  live  load  moment  at  the  right  abotmant. 
due  to  all  the  loads  on  the  span. 
L  a  the  span. 

m  »  the  (ieftrhaaded)  live  load  moment  at  the  panel  poiDt  on 
the  right  of  the  panel  in  question. 
/  »  the  length  of  the  panel. 
V  =  the  shear  in  the  panel. 
r«i.      ^f         M           m            17.516,000        230,000        ,«--««-_* 
ThenV=  -j^ p  =  YSO 26 ^^'^  ^^ 
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FlflT.  S7  (repeated). 

109.  The  maximum  live  load  shears  in  the  other  panels,  similariy  t. 
puted.  are  as  follows,  the  load  being,  in  each  case,  so  placed  as  to  give 
said  maximum  shear: 


Panel.  No. 

Mom.  M 

Mom.  m 

Shear, 

Stress, 

and  Posi- 

at Rt.  End 

at  Rt.  End 

Pounds. 

Member 

Pounds, 

tion  of 

of  Truss. 

of  Panel. 

..Mm 

®       cosn 

Wheel. 

Ft-Jbs. 

Ft.-lbs. 

^"L-r 

a&4at6 

27.176.000 

480.000 

162.000 

aB 

—217.200 

6c  Sate 

17.516.000 

2.30.000 

107.600 

Be 

+  144.200 

cdSatd 

10.816,000 

230.000 

63.000 

Cc 
Cd 

—63,000 
+84.500 

d€2BXe 

4,936,000 

80.000 

29,700 

Dd 

—29,700 
+39.800 

«/  2  at  / 

1.743.000 1      80.000 

I 

8.400 

E/ 

+  11,250 

*  Because  -s—  —  the  reaction  of  the  left  support,  a,  and  —j—  ■■  so  mneh 


M 

of  the  panel  load  as  goes  to  the  left  end  of  the  panel. 

f  #  -■  angle  between  diagonal  and  vertical.  ,    ^,^^i^ 
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110.  The  live  load  strew  la  the  hip  iiupeiider»  B6,  is  doe  entirely 
to  Jonds  ttpoa  the  two  lower-chord  Dftneb,  a  b  and  b  e.  Thiui,  with  wheel 
4  At  iu  panel  length  «afr='&c  —  25  ft.,  we  have: 


Wheel.  Load.  W. 

1  10.000 

2  20.000 

3  20.000 


Ona^ 

etreae 
Dist,d.    obB6"" 
fromo.  tvd-t-25. 
7  2.800 

15  12.000 

20  16.000 


30.800 

60,000 
46.000 
£0.000 


On  be 

Btraee 
Pbt.  d,    ottjB6-*» 
Wheel.  IfOed,W.  frome.  fw2-»-25. 

5  20.000    20    16.000 

6  13.000    11     6.720 

7  13,000     6     3.120 

Total;  46,000  1^840 

Stress  in  B&  from  ab         -*  30,800 

be         -24.840 

"      • wheel  4  -  20.000 


Total,  60.000 

Total  load  on  <x  fr  <- 

"      "  be 

Wheel  4  « 

Total  load  on  oc  -  116.000  "      "    "  Total,  76.640 

111.  For  any  given  set  of  loads  on  ae;  the  maximum  stress  in  B  6  oc- 
curs when  the  load  on  a c  is  equaUy  divided  between  ah  apd  b  c;  and  thi^ 
ordinarily  occurs  while  some  wheel  (to  be  found  by  trial)  is  passing  b. 
Thus,  with  wheel  4  just  to  the  righi  of  b,  we  have,  on  a  6,  wheels  1.  2  «nd 
Z,  "•  50.000;  and,  on  be,  wheels  4.  5.  6  and  7.  =»  66.000  lbs.;  but,  with 
wheel  4  just  to  the  left  of  6.  we  have,  on  ab,  wheels  1,  2,  3  and  4.  <* 
70,000;  and.  on  &c  (n^ecting  wheel  8,  which  now  enters  be),  wheels  5,  6 
and  7,  »  46.000  lbs.  Hence,  while  wheel  4  is  passing  &,  there  is  an  in- 
stant when  the  loads  on  a  6  and  on  &  c  are  eoual,  and  at  that  instant  the 
stress  in  B&  reaches  its  maximum  (76.640  lbs.,  see  Y  110)  for 'the  given 
set  of  loads. 

112.  Live  Load  Chord  Stresses.  The  criterionj  for  position  of  load 
for  TnaTimiim  bending  moment  in  any  section,  and  hence  for  maximum 

stress  in  the  chord  members  al  that  seotion,  is  -^  -  -v,  or  Z   -    L.-^ ; 

wheire  W  —  total  load  on  the  trasB.  w  ■•  load  to  the  left  of  the  section.  L  <- 
span  of  bridge^  and  I  »  length  of  segment  to  the  left  of  the  seotion. 

113.  To  find  the  position  of  load  for  maximum  moment  in  any  panel,  by 
means  of  the  moment  diagram;  Fig.  87;  plao^  a  wheel,  say  wheel  2,  at  the 
panel  point  at  the  li^ht  of  the  given  panel.  From  the  intersection  on  the  IcoA 
fine  {usually  eoincidmg  with  tM:e-axis)  vertically  over  the  left  support,  lay  a 
nder  or  stvetoh  a  thread  to  the  intersection  of  the  load  line  with  a  vertical 
from  the  right  support.  If  the  line  so  constructed  recrosses  the  load  line  at 
a  point  vertically  over  the  section  in  question,  the  position  Lb  a  ooerect  one; 
if  not,  it  is  incorrect.  To  facilitate  this  work,  it  is  well  to  use  a  truss  diagram. 
Fig.  33.  drawn  on  a  sheet  of  tracing  paper,  with  the  verticals  carefully  ex- 
tended from  the  panel  points  as  far  up  as  the  load  or  moment  lines  are  likely 
to  extend. 

114*  It  win  often  be  found  that  more  than  one  position  satisfies  the  en- 
tericm,  and  that  some  one  of  these  may  give  fErsater  moments  than  the  others. 
Henoe  it  is  well  to  look  for  all  possible  positions.  When  these  are  found,  de- 
termine the  moments,  thus:  On  the  moment  curve  find  the  two  points 
oorrespcnding  (vertically)  with  the  left  and  the  risht  support  respectively, 
and  join  these  points  by  a  straight  line.  When  the  head  of  train  has  not 
reached  the  left  support,  the  point  corresponding  with  the  left  support  is  in 
the  «-axiB,  produced. 

115.  The  required  moment  is  measured  by  the  vertical  ordinate  distance 
along  the  seotion,  between  the  moment  curve  and  the  straight  line  just  con- 
straeted.  The  stress  in  the  chord  monbers  affected  is  eqtial  to  the  moment 
divided  b^  the  depth  or  the  truss.    Using  these  methods,  the  following  re- 


{ 


Section. 

Wheel. 

Moment,  ft.-ibs. 

Stress,  lbs.               Members. 

B6 

4 

i 

11 
12 

4.049,333 
6.2U,667 
6.207.667 
7.044.000 
7.066,600 

144,600                     ab^be 
.     221,800                     ed  -  — BC 

Not  max.           ^  ^          ,   ^ 

.252,000..igitized  bf^r©iDGg4€DB 
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Wind  Loads. 

116.  A  complete  bridge  is  subjected  not  only  to  vertical  loads,  due  to  dead 
load,  to  live  load,  and  to  impact  caused  by  inequalities  in  track  and  in  rolling 
stock,  but  also  to  horizontal  loads.  These  horisontal  loads  are  due  to  the 
transverse  action  of  wind,  or  of  centrifugal  forces  produced  by  the  train  in 
passing  around  a  curve  on  the  brid^,  and  to  the  longitudinal  traction  or 

drag"  caused  by  stopping  or  startmg  a  train  on  the  bridge.  Hence  it  is 
necessary  to  supply  horisontal  bracing,  which,  with  the  two  upper  chords 
or  the  two  lower  chords  of  the  two  vertical  trusses,  form  horizontal  trusses, 
known  as  the  upper  and  lower  lateral  systems.  Figs.  39  (a)  and  39  (6),  and 
sway  and  portal  bracing,  KH  21  and  22. 

117.  The  wind  is  considered  as  blowing  at  right  angles  to  the  bridge. 

118.  The  wind  produoes  several  effects,  and  these  must  be  ascertained 
separately,  and  their  joint  effect  then  determined.   Among  these  effects  are: 

(1)  Direct  stresses  in  both  the  upper  and  lower  lateral  systems,  by  pressing 
«4irectly  upon  the  chords;  acting  horisontally  as  a  uniformly  distributed  k)aa. 

(2)  Additional  direct  stresses  on  the  lateral  system  of  the  loaded  chord 
when  a  train  is  on  the  bridge,  owing  to  pressure  of  wind  against  the  train. 

(3)  An  overturning  moment  upon  the  bridge  as  a  whole,  thus  increasing 
the  dead  and  live  load  stresses  in  the  leeward  and  diminishing  those  in  the 
windward  vertical  truss, 

(4)  A  similar  overturning  effect  upon  the  train  and  its  wheels,  which  simi- 
larly modifies  their  pressures  upon  the  floor  beams  and  thus  the 
the  main  trusses. 
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119.  The  wind  load,  acting  directly  upon  the  bridge,  is  assumed  to  be 
equally  divided  between  the  upper  and  lower  chords,  and  between  the  wind- 
ward and  leeward  trusses. 

120.  (1)  The  direct  wind  stresses  in  the  lateral  bracing,  due  to  the  pres- 
sure of  the  wind  on  the  truss,  are  found  as  are  the  stresses  in  the  main  trusses, 
due  to  dmd  load;  the  horizontal  transverse  struts  of  the  lateral  bracing 
corresponding  to  the  verticals  of  the  main  trusses. 

121.  (2)  Direct  stresses  in  lateral  system  of  loaded  chorda.  Fig.  39  (6), 
due  to  wind  on  train. 

Examining  any  panel,  as  e  d,  let 

w  —  wind  pressure,  in  lbs.  per  lineal  foot  of  train ; 
p  —  panel  length,  in  feet; 
ID  p  —  wind  pressure,  in  lbs.,  per  panel  fully  occupied  by  train ; 
n   —  number  of  panels  in  span  (  —  6  in  this  case) ; 
{  «  n  p  —  span,  in  feet; 
m  —  number  of  panels  from  left  support,  a,  to  and  including  the  pand, 
c  d,  under  consideration; 
m  p   —  distance,  a  d,  in  feet; 

X  —  length,  in  feet,  of  that  portion  of  the  panel,  e  d,  which  is  occu- 
pied by  train ; 
t  —   (n  —  m)p  +  a:  —  that  portion  ef  the  span  which  is  occupied 
by  train,  in  feet; 
—  wind  pressure  on  train  for  a  pressura  of  1  lb.  per  lineal  foot ; 
R   —  truss  wind  reaction,*  at  a,  —  w  I'  -i-  2  / ; 
r  —   panel  wind  reaction,*  at  c,  ■■  to  *•  -»-  2  p  ; 
8  —  wind  shear  *  in  panel,  cd,  —  R  —  r  — «><•-*-  22  —  wx*-»-2]b. 


♦  See  foot-note  (f).  H  2,,g 
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The  hoariaontal  irum  naAtion,*  at  a,  due  to  a  eoneentiated  horieontal 
piemniTB,    —   1,  actiog  at  any  dista&oe,  y  (not  shown),  from  d,  is  <- 

• — sL;  mill  the  horizontal  panel  reaction,  at  c,  due  to  the  same 

np 

preasuxe,  is  -■  ^.    The  marimnm  wind  shear,^  in  the  panel,  e  d,  due  to  wind 

p 
on  train,  ooeurs  (see  Ylf  70  to  81)  when  the  head  of  the  train  reaches  that 
point,  o,  at  which,  if  the  concentrated  load  be  placed,  these  two  reactions 

will  be  equal,  or  ^  -  <»-"^>P  +  y     With  head  of  train  at  o.  we  have 
p  n  p 

(n  —  m)  p 

'-y-   n-i  ■ 

Under  any  conditions,  the  wind  shear.*  S,  in  the  panel,  is  '-  R  —  r,  where 

Substituting  here  the  value  of  x,  Just  found,  for  maiiTmim  shear,  we  ob* 
tain,  as  the  msximnm  value  oi  the  wind  shear*  in  the  panel. 

122*  (3)  Stresses  in  main  truss  members,  due  to  overturning  moment  ol 
wind  on  truss. 

Overturning  moment  '-  (wind  panel  load  at  top  chord)  X  (number  of 
panel  points  in  span)  X  height  of  truss. 

,,..,.,..  .1     overtiuning  moment 

Vertical  reaction  at  one  support  —  -jr     .j^,  , ,      — r • 

*^^         2  width  between  trusses 

Since  the  upper  lateral  svstem  carries  all  wind  loads  to  the  ends  of  the 
bridge,  the  end  posts  and  the  chords  (which  tali^  the  horiaontal  components 
ol  the  end  poet  thrusts)  are  the  only  main  truss  members  affected. 


{ 


r 


L^ 


(aj 
Ftff.  40« 

138*  (^Stress  in  main  truss  members,  due  to  overturning  moment  of  wind 
on  train.  Fig.  40.  Let  h  —  height  from  center  of  gravity  of  lateral  system 
cf  loaded  ehord  to  center  of  pressure  of  wind  on  train,  p  —  wind  pressure  per 
lineal  foot  of  train,  w  —  width  between  centers  of  gravity  of  trusses,  m  — 
overturning  moment,  per  lineal  foot  of  train,  v  —  added  vertical  load  on 

leeward  truss,  per  lineal  foot  of  truss.    Thenm  «  A  p,  andv  —  ^. 

Impaety  Etc* 
124.  The  effects  of  impact,  due  to  inequalities  of  the  track;  those  of 
"drag,"  due  to  the  starting  and  stopping  of  trains;  and  those  of  centrifugal 
force  M  the  train  on  curves,  are  not  susceptible  of  rigorous  calculation, 
and  engineers  differ  in  their  requirements  respecting  provision  for  them. 
See  Digests  of  Speeifications. 

digitized  by  CjUUy. 

♦  See  foot-note  (f).  12.  ^ 
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llttim  Wherer  specifications  tottke  sdlowabW  unit  stfessee  depend  upon  tb» 
Delation  between  the  roaximwm  and  mimmim  stj^^saes  ift  amy  giiFes  neaaber. 
both  must  be  computed. 

In  computing  the  maximum  and  the  minimum  fitreas  in  any  member, 
bear  in  mmd  tEat  a  condition  which,  of  itself,  would  have  a  certain  effect 
upon  the  stress,  may  bring  with  it  other  eonditk>ns  which  produoe  a  (Tester 
effect  of  the  opposite  kind.  Thus,  although  the  action  of  wind  ob  iimin 
would,  of  itself,  reduce  the  stresses  m  oertaia  members,  this  action  can  take 
place  only  with  train  on  bridge,  and  the  vertical  action  of  t&e  trais  load 
would  ordinarily  increase  those  stresses  more  than  the  wind  action  would 
diminish  them. 

In  computing  minimum  stresses,  although  the  live  load  is  usually  to  be 
■egleeted,  we  most  a<  eouxse  not  neglect  the  dead  load,  which  is  alwaiys 
present. 

Curyes    on    Bridges. 

IZS*  When  the  traclc  on  a  bridire  is  curved,  it  is  usually  so  laid  that 
the  center  line  of  the  bridge  bisects  the  middle  ordinate,  m,  of  tlie  cnrve. 
See  Fig.  40  (a) .  The  center  of  gravity  of  a  panel  load,  P,  at  the  center  of  Uie 
span  (supposing  it  to  stand  over  the  center  of  the  track)  is  thus  thrown  out  a 
distance  —  ^  m  from  the  center  line  of  the  bridge,  or  a  distance  ^  i  b  + 
i  m  from  the  inner  truss,  where  &  —  width  of  bridge  between  eentaro  of 
trusses.  Taking  moments  about  the  center  of  the  Inner  truss,  we  have. 
therefore,  for  the  load,  W,  on  the  outer  truss,  due  to  P, 


W 


„  piA±jL?»  ^  pfr  4-  w. 


b  *     26 

It  is  customary  (see  Di^^ests  of  Specifications}  to  proportion  the  outer 
truss  on  the  safe  assumptioa  that  its  share  of  the  live  load,  at  each  panel 
point,  is  determined  by  the  formula  just  givei»,  and  to  design  the  inner  truss 
likv  the  outer  one. 


/% 

XlXI/l/\ 

a' 

I^ga.dO(a)aiid(b). 


Tiff.  31  (repeated). 


Connterbraclng. 

127.  In  a  truss  of  any  ordinanr  form  Gike  that  in  Fig.  31),  under  the  action 
of  a  uniformly  distributed  deaa  or  live  load,  or  of  a  live  load  distributed 
symmetrically  as  regards  the  center  of  the  span,  the  shean  in  eaoh  naml  on 
the  left  of  the  center  of  the  span  are  poaiiivt.  while  thoee  in  the  panels  on  the 
right  are  negcuive;  and  the  stresses  throughout  the  truss  are  such  that  the 
ties  sustain  tension,  and  the  struts^  compression;  the  tendeaeVf  in  each 
panel,  being  to  eloTigaU  that  diagonal  occupied  by  a  <m,  and  to  ekmrUn  that 
diMonal  occupied  by  a  9trut. 

But  the  tendency  of  an  eeeerUrie  load,  such  as  thoee  shown  in  Fir.  31, 
is  to  revene  the  shears  in  the  panels  between  it  and  the  center;  and,  if  this 
effort,  relatively  to  the  other  forces,  is  of  sufficient  magnitude  to  reveres  the 
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flniJ  Aear  m  a&y  twii«l»  the  tendeaey  wffl  be  to  •Aorftfn  tlM  dliMToMl  oo^ 
bya«0.MeFis.  1  (a),  and  te  Hsn^M^n  any  dia^iHuU  ooeapied  b^  a  •<rtrf. 

Ab  eacplained  in  nH  14  and  15,  this  condition  is  met»  m  the  Warren 
or  trian^ilar  tnus,  by  making  each  web  member  eapable  of  resisting  both 
*itaA<m  and  oompreasion;  ana,  in  tnuseffwith  both  vertical  and  diagonal 
web  membere.  by  inserting  counters. 

In  A  drawbridge  or  swing  bridge,  not  only  the  web  stressesp  but  also 
the  dftord  stfessee,  are  leversed  when  the  draw  is  o|>ened  or  closed. 

To  provide  «pcainflt  possible  further  inoreaae  in  liv«  loads,  over  those 
now  in  use,  specifications  some! imes  require  that,  wherever  the  live  and  dead 
lo«d  sCressee  are  of  oppoeite  character,  only  70  per  cent,  of  the  dead  load 
streea  shall  be  oonsideted  as  effeotive  in  counieractin^  the  Ihre  load  stress. 
For  other  methods  of  making  similar  provision,  see  Digest  of  Specifications 
for  seed  Raiboad  BAdgia. 

Koof  Tnuses. 

128*  In  roof  tnisses,  the  dead  load*  t.  s.,  the  weight  of  the  truss  itself 
and  that  of  the  purlins,  roof  covering,  etc.,  and  the  snow  load,  are  usually 
taicen  as  unifonnlY  distributed.  In  many  eases  the  sum  of  the  dead  and 
enow  loads  is  divided  equally  between  the  two  supports.  In  other  words, 
the  end  reactions  are  equal. 

129.  The  weights  of  steel  tresses,  in  pounds  per  square  foot  of 
boilding  space  covered,  may  be  taken,  for  preliminary  estimate,  at  (0.05  to 
COS)  X  spaa  in  feet,  according  to  desi^  and  loading.  Those  of  wooden 
trasses*  with  wooden,  iron  or  steel  teneion  members,  may  be  taken  at  from 
oB»4enth  to  one^fifth  less. 

If  it  is  found  that  the  weight  of  a  truss,  as  designed,  considerablsf  exceeds 
tike  weight  assumed  fcH*  it  in  advance,  it  should  be  redesi^ed,  assuming  a  new 
weight  slightly  greater  than  that  obtained  from  the  design. 

190«  The  weights  of  pwftas,  of  steel  or  wood,  may  be  taken  at  ftom 
2  to  3  lbs.  per  square  foot  of  building  space  covered. 

131.  The  weight  of  roof  coTerIng  may  be  taken  approximately  as 
follows: 

Corrugated  iron, 2to8  lbs.  per  sq.  ft.  of  roof  surface. 

Slate, 7to9  " 

Shingles,  on  Uths,   2to3  " 

If  on  boards,  add 3  " 

If  plastered  below  the  rafters,  add,        6  "  "  "  " 

139*  The  snow  load,  in  States  north  of  lat.  35**.  may  be  taken  as  vary- 
ing (chiefly  with  latitude)  from  10  to  30  lbs.  per  sq.  ft.  of  horisontal  projec- 
tion of  roof  surface. 

183*  The  yurllns,  stringen*  etc.|  should  be  so  arvanged  as  to  carry 
the  weight  of  roof  covering  and  of  snow  directly  to  the  panel  points,  and  thus 
avoid  transverse  stresses  in  the  rafters. 

134«  Each  truss  bears,  besides  its  own  weight,  half  the  weight  of  roof  and 
snow  between  the  two  trusses  (or  truss  and  wall),  adjacent  to  it,  and  each 
panel  point  bears  half  the  load  between  two  panel  points  (or  panel  point  and 
end  support)  sdjaeeat  to  it. 


i 


'•^ 


liir.  41. 

Thus,  Fig.  41,  truss  TT  carries  a  weight  —  that  on  the  surface  between 
the  two  dotted  lines,  DD  and  £E ;  and  panel  point  p  carries  a  weight  —  that 
on  the  rectani^  tnn. 

185*  The  wind  is  regarded  as  blowing  horisontally  upon  one  side  of  the 
RK^  and  as  exerting  a  uniformly  distributed  normal  pressure  upon  that  side. 
In  the  foUowin^  table  of  assumed  normal  pressures  against  sloping  sur* 
faoes,  under  honaootol  wind  pressures  of  40  lbs.  per  sq.  f  t^  the  values  in  the 
last  eoluma  are  based  upon  Button's  experiments.  Here  AMcft^  angle 
between  the  sloping  roof  sorfaoe  and  a  horisontal  planed'  vj»^vj^i^ 
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AMnmed  nomial  wind  pressnret  P»  in  Ibe.  per  sq.  ft.    HorisoBtal 

wind  pressure  »>  40  tbs.  per  sq.  ft.    a  =  angle  between  roof  surface  aaa 
horisontal  plane. 

P  P 


a. 

sin  %. 

40.fflna. 

Hutton. 

a. 

sin  a. 

40jBina. 

Huitdi. 

b^ 

0.087 

8.5 

5.1 

35« 

0.674 

22.9 

ao.i 

10» 

0.174 

7.0 

0.6 

40» 

0.643 

25.7 

33^ 

16« 

0.259 

10.4 

14.2 

46* 

0.707 

28.3 

36.0 

20» 

0.342 

13.7 

18.4 

50» 

0.766 

30.6 

38.1 

26«» 

0.423 

16.0 

22.6 

55* 

0.810 

82.8 

30.4 

30» 

0.600 

20.0 

26.5 

60* 

0.866 

84.6 

40.0 

136.  The  directions  and  amounts  of  the  end  reactions  and  of  the  t 

in  the  members,  due  to  wind,  depend  upon  whether  one  or  both  supports 
are  fixed.  If  both  ends  are  fixed,  their  reactions  are  parallel  to  the  normal 
wind  pressure — i,  e.,  they  are  at  right  angles  to  that  side  of  the  roof  opoo 
which  the  wind  is  blowing;  but,  if  one  end  is  free  to  slide  longitudinally  of  the 
truss,  its  reaotion  is  taken  as  vertical  and  that  of  the  other  is  more  nearly 
horisontal  than  the  normal  wind  pressure.  When  one  end  is  free,  the  streasae 
must  be  determined  for  wind  blowing  on  the  fixed  side  (in  which  case  it  tends 
to  flatten  the  roof)  and  also  for  wind  blowing  on  the  free  side,  in  which  ease 
its  horisontal  component  tends  to  shorten  the  tie-rod  and  to  raise  the  apex. 
The  stresses  in  the  members  of  roof  trusses  are  conveniently  found  by  means 
of  the  method  by  sections,  IK  67,  etc.,  or  graphically,  as  below. 

137.  Fig.  42  (o)  illustrates  tho  graphic  treatment  of  wind  stresses  for  Hg. 
42  (6),  under  the  three  conditions  named,  vis. : — case  1,  with  both  ends  fixed ; 
case  2,  wind  blowing  against  the  fixed  side;  and  case  3,  wind  btowins 
against  the  free  side.* 

In  Fig.  42  (a),  the  segments  c^hc,  ed  and  de  represrat  the  normal  wind 
pressures  at  the  panel  points  AB,  BG,  CD  and  D£  reepectivebr,  and  am 
therefore  represents  the  total  normal  wind  pressure  on  the  roo^  all  beinp 
exerted  against  the  left  side.* 

138.  In  case  1  (both  ends  fixed)  the  segments  fa  and  e/  of  theaoUd  line  eo 
represent  the  left  and  right  reactions  respectively. 

139*  In  case  2  (wind  blowing  a^inst  fixed  side)  the  reactions  are  repre- 
sented by  the  dash  line  efa;  and  m  case  3  (wind  blowing  against  free  side) 
by  the  dash-and-dot  line  ef"a. 

140.  The  seg^ments  /7  and  //*  represent  the  horisontal  eomponents  of  the 
right  and  left  wind  reactions  respectively  in  case  1 ;  and  ff  that  of  the  wind 
reaction  of  the  fixed  end  in  case  2  or  case  3,  or  that  of  the  total  wind  reaction. 

141.  Having  found,  by  moments,  the  end  reactions  4/  and  /a  for  case  1; 
where,  Fig.  42  (6), 

.  A« 

the  vertical  reactions,  si*  and  a/",  for  cases  2  and  3  respectively,  are  found  by 
dropping  perpendiculars  from  e  and  from  a.  Fig.  42  (a),  upon  9/ produced. 
Tlie  reactions  of  the  fixed  ends  are  then  given  by  the  closing  line,  ro»  in  case 
2,  and  by  ef  in  case  3. 

*  To  avoid  the  necessity  of  showing  two  skeleton  figures  and  two  diagrams, 
we  have  supposed  the  wind  to  blow  always  in  one  direction  (vis.,  against  the 
left  side)  and  first  one  end  of  the  truss  and  then  the  other  end  to  be  fixed. 
In  practice,  of  course,  the  reverse  of  this  is  the  case;  i.  0.,  one  end  or  Uie 
other  of  the  truss  (if  not  both)  is  fixed,  and  remains  so:  and  the  wind  nay 
blow  against  either  side.  The  figure  and  diagram  will,  however,  answer  for 
this  latter  condition  also.  Thus,  if  the  windT  blow  against  the  left  side,  as 
shown,  and  if,  as  in  case  2,  that  side  is  fixed,  then  the  diagram,  using  the 
broken  lines,  •  f  a,  gives  the  stresses  in  the  members,  as  they  are  lettered. 
But  now  (the  left  end  remaining  fixed)  suppose  the  wind  to  blow  against  the 
free  aide;  t.  «.,  from  the  right.  We  may  nevertheless  suppose  the  right  end 
fixed,  and  the  wind  blowing  against  the  left  side,  as  in  Fig.  (5),  and  mid  the 
stresses  m  the  members  from  Fig.  (a)  as  it  stands,  u&ng  the  dash-and-dot 
diagnm,  e  f  a;  but  we  must  then  remember  that  the  stresses  thus  found  lor 
BG,  GF,  etc.,  on  the  left  of  the  truss.  Fig.  (6),  really  apply  to  the  opmspond* 
mg  members,  QE,  QF.  etc.,  on  the  ri^S  ini  iS^veiSi^fLjOOglle     *^ 
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149.  The  stresflaa  tn  tlie  web  member^  OH.  MN,  ete.,  Fiff.  (b),  and  thoM 
in  the  eereral  members,  BQ,  EM,  etc.,  of  the  rafters,  are  given  by  the  oorre- 
qpoadms  lines,  oh,  mn,  bg,  em,  etc.,  in  the  diagram.  Fig.  (a). 

143.  In  the  leeward  rafter,  in  this  case,  the  stress  in  the  three  segments, 
ME,  PE,  QE,  is  uniform  throughout,  and  moreover  it  is  the  same  in  each  of 
the  three  cases,  being  —  ms  —  pe  —  oe. 

Ill  the  four  web  members,  LM,  MN,  NP,  PQ,  to  the  leeward  of  the  center, 
the  streas,  in  this  case,  is  lero,  bung  represented  by  the  point,  Imnpq,  Fig. 
(a). 

144.  The  stresses  in  the  several  segments,  OF.  JF,  LF.  NF,  and  QF,  of  the 
horisontal  tie  rod.  Fig.  (b),  are  represented,  in  Fig.  (a), 

in  case  1  (both  ends  fixed)  by  of.  if,  If,  nf  and  qf; 
in  case  2  Cwind  against  fixed  sicle)  by  gf,  if,  etc. ; 
in  case  3  (wind  against  free  side)  by  of,  ;r,  etc. 
In  each  of  the  three  cases  there  is  uniform  tension  in  the  three  leeward 


FlflT.  42. 

LF,  NF  and  QF,  of  the  horisontal  tie  rod.    This  uniform 
tension  is 

in  case  1  (both  ends  fixed)  —  //  —  m/   —  nf; 

in  ease  2  (wind  a«^nst  fixed  side)  -  //'  -  m/'  -  nf*; 
in  case  3  (wind  against  free  side)        »  If'  —  mf  —  nf'. 

145.  It  is  thus  seen  that,  in  our  Fig.,  with  horizontal  tie  rod,  the  differ- 
ence in  the  manner  of  supporting  the  ends  affects  only  the  horizontal  stresses 
in  the  members  of  that  rod.  and.  through  them,  the  manner  in  which  the 
horisontal  component  ff  of  the  wind  stress  is  distributed  between  the  two 
supports. 

146.  If  the  lower  chord  were  not  straight,  however,  the  stresses  in  the 
rafter  and  web  members  would  be  affected  by  the  difference  between  the 
three< 


147.  The  final  or  resultant  stress,  in  any  member,  is  the  algebraic  sum  of 
the  dead,  snow  and  wind  loads  for  that  member.  In  some  cases,  the  wind 
Wad  may  Himiniah  or  even  reverse  the  stresses  due  to  dead  and  snow  loads. 
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148.  In  timber  roof  trusses  of  sbort  span.  Figs.  43  to  47,  for  rools  of  dwell- 
ings and  other  small  buildings,  we  may,  with  sufficient  aoouraoy.  make  a 
liberal  assumption  for  load,  to  include  wind  pressure.  In  diacuraing  thess 
fissures,  we  investigate  the  stresses  by  means  of  the  force  parallelogram, 
lor  dimensions  of  such  trusses,  see  K  266. 

149.  In  the  wooden  roof  truss.  Fig.  43,  uniformly  loaded  along  each 
rafter,  let  H  I  -  the  weight  of  one  rafter  and  its  load.  Then  E  I  —  the  Ubri- 
sontal  pressure  of  the  head  and  of  the  foot  of  that  rafter  (the  latter  b^ng  the 
tension  in  the  chord),  and  HE  —  the  inclined  prsssure  at  its  foot. 


rig.  48. 


160.  In  Fig.  44,  make  O  R  -  H  I.  Then  G  L  is  the  transverse  pressure 
of  the  load  against  the  rafter  as  a  beam,  and  L  R  is  a  longitudinal  pressure 
along  the  rafter,  forming  a  part  of  the  total  longitudinal  pressure. 

151.  If  Q  R  were  concentrated  at  G.  L  R  would  be  uniform  from  G  to  a, 
and  would  not  be  exerted  above  G ;  but,  as  G  R  represents  a  load  uniformly 
distributed  alon^  the  rafter,  from  top  to  foot,  the  pressure  represented  by 
L  R  increases  uniformly,  from  nothing,  at  the  top.  o,  to  L  R,  at  the  foot,  a. 

152m  Of  the  transverse  pressure,  G  L,  one  half.  '-  o  p,  is  sustained  at  the 
top,  o,  of  the  rafter,  and  the  other  half,  —  a  9,  at  the  foot,  a.  At  the  top. 
0  p  is  resolved  into  the  horixontal  pressure,  o  6  ■"  E  I,  against  the  head  of 
the  other  rafter,  and  a  uniform  thrust,  o  s,  along  o  o. 


.  7 

rS 1 

z 

Fl 

«    2 

a 
ff.  44.               t 

^ 

153.  It  18  immaterial  whether  we  thus  resolve  o  p  direeOu  into  e  h  aad  o  m 
(as  though  the  head  of  the  rafter  rested  against  a  vertical  votf  at  o),  or  wb^Uier 
we  first  resolve  it  between  the  two  rafters,  into  o  c  and  0  r.  Voit  m  the  latter 
ease  we  must  add  tooc  a  thrust  (—  or  —  cs)  produced  in  o  a  by  the  t«ma»- 
verse  pressure  (similar  to  o  p)  of  the  head  of  the  other  rafter;  and  the  sani  of 
these  two  (o candor)  is  —  oz. 

154.  The  total  longitudinal  thrust  in  the  rafter  increases  uniformly  ffrom 
0  s,  at  the  top,  toos  +  LR  —  a  A;,  at  the  foot,  where  it  combines  with  a  « 
(  »  half  the  transverse  load)  to  form  a  «  —  H  E. 

165.  Tension  in  ^hord  —  IE  —  te  —  sJk  —  n  q, 
support  —  HI  — at-*a«  +  a»  —  a«+«<.      igitized  by 


i^s^ir^*' 
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las.  In  Fig.  45,  havins  found,  ss  for  Fig.  43.  tlie  stresses,  etc..  due  ta 
the  rafters  and  their  loads,  remember  that  the  king  rod,  o  n,  supports  its 
own  wei^t  plus  the  portion  y  y  of  the  chord  »  k  the  chord.  Making  o  <  — 
this  combined  weight,  we  have  o  m  —  o  d  *  an  additional  pressure,  uniform 
throughout  each  r^ter,  and  cm  —  c  J  —  an  additional  tension  on  the  chord. 


157<  In  Fig.  48,  assuming,  for  safety,  that  the  rafter,  /  b,  is  divided  at  its 
center,  U.  make  so  —  the  weight  of  s  r  and  its  load  («  r  —  half  the  rafter) . 

168.  Then  e  i  —  an  additional  pressure  on  U  b,  s  A;  —  pressure  on  U  c; 
»i  ^  gk  —  additional  tension  on  half  chord,  c  b.  and  s  o  —  2  «  •  —  load  of 
and  on  s  r,  —  additional  tension  on  king  post  due  to  both  struts.  Then 
make  ag  "  eo  +  wei^t  of  king  rod  +  weight  of  two  struts  +  weight  of  and 
on  y  y,  and  proceed  as  m  Fig.  45. 


{ 


Fl« 


159.  Each  strut  will  thus  bear  half  of  the  weight  of  and  on  zr,oTx  u.  only 
when,  as  in  Fig.  46,  the  inclination  of  the  strut  is  the  same  as  that  of  the 
xafter.  If  the  stmt  is  steeper  than  the  rafter,  it  will  bear  more  than  half; 
but  if  it  is  less  steep  than  the  rafter,  it  will  bear  less  than  half ;  the  remainder 
being  in  every  ease  borne  by  the  rafter. 

160.  The  introduction  of  the  struts  converts  each  rafter,  considered  as  a 
beam,  into  two  beams  of  shorter  span  and  bearing  less  loads. 


Flir.  47. 


lAU  In  the  queen  truss.  Fig.  47,  naake  oa  -  totid  t«n»>on. in  queen 
half  weight  of  and  on  the  "straining  beam,'^  z  w.  Longitudinal  pr^ 
*  w  -  t^ion  in  chord,  6  a,  -  I E  +  o  c.  gi  ieci  by  ^OOg  IC 


rod  + 
tressureon 
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Defleetlons. 
162.  The  total  deflection  of  a  truss  *  comprises  (1)  the  elastic  or 
temporary  deflection,  due  to  the  stretch  t  of  its  several  members  under  the 
loading  applied  to  the  truss,  and  (2)  the  non-elastic  or  permanent  deflec- 
tion, due  to  looseness  of  its  joints.  In  good  construction  the  latter  is 
relatively  negligible  in  moderate  spans. 

The  total  elastic  deflection,  D,  of  a  truss,  at  any  point,  e,  is  made  up  of 
partial  elastic  deflections,  d,  d,  etc.,  at  c,  each  due  to  the  stretch,  jb.f  in 
some  member. 

Let  it  be  required  to  find  the  deflection  at  a  panel  point,  e  (usually  the  cen- 
ter of  a  span  or  the  end  of  the  arm  of  a  swing  brioge  or  other  cantilever) ; 
and,  for  any  load  or  system  of  loads,  let 
D  —  the  total  elastic  deflection  at  c; 

d  —  the  partial  elastic  deflection,  at  c,  due  to  the  stretch,  ib,t  in  any 
member; 
—  the  unit  stress  in  that  member ; 
-■  the  total  stress  in  that  member; 
I  —  the  length  of  that  member; 

k  ^  the  stretch  f  in  that  member  ■•  -^: 

W  —  that  load  which,  applied  at  c,  would  produce  the  etreas,  P,  in  that 
member; 
P 

E  —  the  modulus  of  elasticity  of  the  material,  —  p  -«-  r  "*  ^  > 


? 


Fiff.  49. 

163.  Equivalence  of  Work.     In  Fig.  48,  let  anv  load.  W,  be  applied 

at  any  point,  c,  of  a  truss  or  bar.     Then,  for  a  small  denection.t  such  as  may 


*  See  "The  Application  of  the  Principle  of  Virtual  Velocities  to  the  Deter- 
mination of  the  Deflection  and  Stresses  of  Frames,"  by  Geo.  P.  Swain, 
Jour,  of  the  Franklin  Institute,  vol.  lxxxy,  1883;  "Trusses  with  Super- 
fluous Members,"  by  Wm.  Cam,  Van  Nostrand's  Magasine,  vol.  xxni. 
No.  4,  October,  1882;  "The  Graphical  Solution  of  the  Distortion  of  a  Framed 
Structure,"  by  David  Molitor,  Jour.  Ass'n  Eng'ng  Societies,  vol.  xin. 
No.  6,  June.  1894;  and  "The  Theory  and  Practice  of  Modem  Framed  Struc- 
tures." by  J.  B.  Johnson,  C.  W.  Bryan  and  F.  E.  Turneaure,  New  York, 
John  Wiley  &  Sons. 

t  For  brevity  we  here  use  the  word  "stretch"  to  signify  any  change  of 
length,  including  the  shortening  due  to  compression,  as  well  as  the  elongaf- 
tion  due  to  tension. 

t  For  the  sake  of  clearness,  the  stretches  and  deflections,  in  our  figs.,  are 

p 
exaggerated  beyond  the  limit  within  which  the  ratio,  ^,  would  i 

approximately  constant. 
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be  permitted  in  trOBBes,  the  external  work,  W  <f,*  of  a  partial  deflection,  d, 
due  to  the  streteh.  k.  in  any  member,  is  practically  —  the  internal  work, 
P  k,  of  overcomins  tne  leaistins  atreea,  P,  in  that  member,  through  the  dis- 
tance, k;  or 

W  d  -  P  A. 
Hence, 

d'-^k'uk;    or    ^-p. 

In  words,  the  stretch,  k,  in  any  one  member,  is,  to  the  resnltine  partial 
deflection,  d,  at  c,  inversely  as  is  any  stress,  P,  in  that  member,  to  a  load,  W» 
which,  if  applied  at  c,  would  cause  that  stress. 

Thus,  in  Fig.  48  (a),  where  ik  is  in  the  same  direction  as  D,t  P  —  W,  and 
D  -  Jk. 

In  lilgs.  (()  and  (c),t  suppose  the  strut  incompressible.    Then  D  is  due 

p 
solely  to  the  dongation  of  the  tie,  and  D  —  ^  X;  —  u  A. 

p 
In  Fig.  (c),  ^  is  greater,  and  (for  a  given  stretch.  A;,  in  the  tie)  D  is  there- 
fore greater,  than  in  Fig.  (b) . 

164.  Deflection  Independent  of  Nature  of  Cause  of  Stretch. 

Now  it  is  evident  that  the  deflection,  d,  at  c,  depends  solely  upon  the  amount 
and  character  of  the  stretch,  k,  in  the  member,  and  is  independent  of  the 
nature  of  the  cause  of  that  stretch.  That  is  to  say,  an^  chan^,  k  (however 
caused),  in  the  length  of  the  member,  necessarily  contributes  its  fixed  quota, 

p 
d  •-■  s»  A;,  to  the  total  deflection,  D,  at  e.     In  other  words,  since  d  and  k  are 

mere  distances,  and  since  u  is  simply  a  ratio,  the  relation  between  d  and  k  is 
a  purely  geometrical  one,  and  is  therefore  not  confined  to  deformations  pro- 
duced by  applied  loads,  but  is  applicable  also  to  those  produced  by  changes 
of  temperature,  to  intentional  lengthening  or  shortening  of  members,  or  to 


( 


any  other  cause. 

Hence,  if  a  member  be  in  any  way  lengthened  or  shortened,  by  a  length,  k, 

a  corresponding  change,  d,  —  ~  .  ib  —  u  A,  takes  place  in  the  deflection  at  e. 

For  instance,  if  we  place  any  system  of  loads  upon  a  truss,  and,  by  the 
principles  of  statics,  determine  the  resulting  total  stress,  P,  and  unit  stress 
p,  in  any  member;  we  have,  for  the  partial  deflection,  at  c,  due  to  the  stretch, 
lb,  in  that  member,  under  the  given  system  of  loads, 


and,«nce*-y. 


d  -   u  Jfc;  (For  u,  see  ^  166.) 


p  u  I 
E   • 


p 
165.  To  obtain  the  ratlo»  «,  —  =^,  for  each  member,  we  suppose  a 

concentrated  load  applied  at  e;  and,  by  the  principles  of  statics,  find  the 
resulting  total  stressee,  P,  P,  etc.,  in  the  several  members.  If  the  supposed 
load,  at  c,  be  taken  ^  unity,  the  stresses,  F,  P,  etc.,  so  found,  are  the  desired 
ratios,  u,  u,  etc. 


*  Strictly  speaking,  with  a  load  increasing  gradually  from  0  to  W,  and 
with  resulting  stress  increasin|;  gradually  from  0  to  P.  we  should  deal  with 
the  mean  load,  •-  i  W,  and  with  the  mean  stress,  »  «  P,  in  each  member; 
but  it  will  be  seen  that  this  would  not  affect  the  equations  derived. 

t  Where,  as  in  Figs,  (a),  (6)  and  (c),  only  one  member  is  supposed  to 
change  its  length,  D  —  d. 
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166«  Suttinatloii  of  Defleetlons.  The  total  defleotioii.  D,  at  c; 
under  the  jriven  syetem  of  kwds,  beinff  «  the  sum  of  the  partiml  dellaetuMiB^ 
d.  d,  due  (but  not  neoessarily  equaJ)  reepeotirely  to  the  etretehee,  k^  k,  \» 
the  several  members,  we  have 

Thus,  in  Fin.  id)  and  (e),  we  assume  the  tie  extensible  and  the  strut  eom- 
pressible.  InTi«.  (<0.  W  -  Pi  +  Pj;  and  W  D  -  Pi  *  +  Pf  *  -  (Pi  -f-  PJ  *. 

Henoe  D  -  2  ti  Jb  -  ?^.  * +  ^  .  Jb  -  ?i^  .*  -  ^  .  ifc  -  t.  In  Fi«. 
(s),D  -  S«*  -  ?^  .*i  + ^  .A*  -  ui*, +«,*». 

167*   Positive    and   Negative    Stretches*    In  some  eases  it  ntay 

happen  that  the  change  of  length  of  a  member  diminishes,  instead  of  in- 
creasing, the  total  deflection  at  the  point,  c,  in  question,  and  must  therefore 

be  taken  as  negative  in  summing  up  the  values  of  tt  I;  —  ■  p-;  but  when  e  is 

the  middle  point  of  a  span,  or  the  end  of  a  cantilever,  all  the  changes  in  length 
of  the  members  ordinarily  contribute  to  the  deflection,  and  must  thfeverate 
be  taken  as  positive. 

Theoretically,  the  formula,  D  —  2  ^g~~«  ^^PP^iw  ^lao  to  tlie  defleetions 

of  arches,  dams  and  other  structures  composed  of  blocks;  but,  owing  to 
the  uncertainty  of  the  values  of  £,  and  to  the  relative  inaccuracy  of  finish 
in  masonry  work,  it  is  of  but  little  practical  utility  in  such  cases. 

t6S.  Bedundant  or  Statically  Indeterminate  Members*  Tk^iases 

frequently  contain  members  whose  stresses  cannot  be  found  by  the  prinei|>lee 
of  statics.  Thus,  in  Fig.  11  (c),  the  two  diagonal  tension  members  meeting 
at  the  top  of  either  end  post  are  said  to  be  redundant,  or  statically  indetei^ 
minate,  because  the  principles  of  statics  do  not  enable  us  to  determine  what 
proportion  of  the  total  load  goes  to  the  supports  throu^^  each  of  the  two 
systems.  Figs.  11  (a)  and  (6),  composing  Fig.  11  (c).  iBut  the  defleetion 
formula,  just  given,  enables  us  to  determme  the  stresses  in  such  members; 
for,  by  means  of  it,  we  may  find,  separately,  the  deflection  in  each  ol  the  two 
systems.  Figs.  1 1  (a)  and  (6) ;  and  the  part  load,  transmitted  to  the  supports 
through  each  of  these  two  ss^tems,  is  mversely  proportional  to  their  deflec- 
tions. 

BRIDGE    DETAILS    AHD    CONSTBTTCnOlV. 

General  Principles* 
160.  In  general,  a  truss  bridge  consists  essentially  of  two  or  mora  verti- 
cal trusses,  AB,  CD.  Fig.  49,  placed  side  by  side,  and  connected  by  the 
floor  system,  which,  in  turn,  they  support;  and  bracing  (formmg  a 
**  lateral  system**)  is  supplied  between  opposite  chords,  where  practica- 
ble, in  order  to  maintain  the  trusses  parallel. 


Figr*  4». 

170.  The  floor  system  consists  ordinarily  of  floor  beams  and  string* 
ers.  The  floor  beams,  AC,  EF,  etc..  Fig.  49,  are  placed  transversely  to  the 
bridge,  and  are  attached  to  the  trusses  at  opposite  panel  points.  Connected 
with  these  and  perpendicular  to  them  or  iMuallel  to  the  trusses,  are  the 
stringers,  GH,  IJ,  etc.  In  railroad  bridges,  there  are  usuallv  two  or  mo-e 
stnnf^rs  placed  side  by  side  and  running  toe  length  of  the  bridge,  to  suppr  rt 
the  ties.  In  city  highway  bridges,  these  stringers  are  usually  spaced  at  smaller 
intervals,  and  support  buckled  plates  or  other  form  of  flooring,  on  which  the 
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IMiving  {b  laid.  For  oonntty  higifaway  bHdm,  the  atrinMn  am  frequently 
of  wood,  plao#d  quite  near  tocethar,  and  tne  planks  of  tbe  floor  are  nailed 
or  spiked  directly  to  them. 

Solid  floors  (aee  Peneoyd  floor  Boctione)  add  to  the  rigidity  and  per- 
manence of  a  bridise,  and  give  increatibd  protection  to  traffic  below,  agamst 
injury  from  falling  bodies  or  in  case  of  derailment.  Their  ahallowneas  is  an 
advantage  where  head-room  is  an  object. 

171.  Any  load,  then,  la  carried  first  from  the  ties  or  floor,  etc.,  to 
the  stringers,  then  oy  the  stringers  to  the  floor  beams,  and  finally  by  the 
floor  beams  to  the  panel  points  of  the  bridge,  where  it  is  carried  through  the 
trusses  to  the  8ui;>|x>rts. 

172.  Pedestals,  shoes  or  bed  plates.  Fig.  62,  bolted  to  the  piers,  support 
the  ends  of  the  trusses.  When  the  bridge  is  of  long  span,  so  that  the  expan- 
sion and  contraction  due  to  heat  and  cold  are  considerable,  expansion 
liearingSf  Fi^s.  60,  62.  must  be  provided  at  one  end.  See  ^^  205,  etc. 
For  oroes-bracing,  see  W  10,  etc. 

General  Character  of  Design. 
178^  Flexible  and  Rigid  Tension  Members.  Adjustable 
Counters.  Until  recently,  ere-bars  have  generally  been  usea  for  the 
tension  members  of  trusses.  These  are  long;  flat  bars,  liable  to  yield  laterally 
under  compression,  and  furnished,  at  their  ends,  with  eyes  or  openings, 
throu^  which  pass  pins  connecting  them  with  the  other  members  of  the 
bridge;  but  rigid  built  members,  capable  of  sustaining  some  compression,  as 
well  as  tension,  are  now  much  used  for  tension  members.  Counters  were 
usually  made  in  two  lengths,  and  were  adjustable,  the  two  lengths  being 
connected  by  tumbucklea ;  but  these  rendered  it  possible  to  bring  undue  and 
dangerous  stresses  in  the  panels,  and  they  are  now  giving  place  to  countert 
made  each  In  one  length. 

174.  Compression  members  are  ordinarily  '*bullt  up**  of  angles  and 
plates,  or  of  channels  and  plates  with  latticing,  in  hollow  shapes,  bringing 
nM)6t  of  the  material  as  far  as  possible  from  the  neutral  axes  of  the  cross- 
section  and  thus  increasing  its  resisting  moment. 

175.  Pin  and  lUveted  Connections.  The  web  members  are  con- 
nected with  the  chords  either  by  pins  or  by  rivets.  In  the  former  case  the 
truss  is  said  to  be  pin-connectea;  in  the  latter  case,  riveted.*  Until  re- 
cently, pin-connected  trusses  have  been  typical  of  American  practice;  but 
the  Americans  are  now  laigely  using  riveted  trusses,  for  spans  up  to  from 
150  to  175  ft.,  while  the  Europeans  are  in  some  cases  ujing  pins.  The  prin- 
cipal advantage  claimed  for  the  riveted  joint  is  that  it  makes  a  stiffer  bridge 
and  one  that  will  not  rattle,  and  that  a  riveted  truss,  computed  as  if  pin-con- 
nected, will  have  an  additional  margin  of  safety  on  account  of  added  stiff- 
ness. In  the  pin-connected  bridge,  on  the  other  hand,  the  stresses  can  be 
much  more  accurately  determined,  and  deflection  may  take  place  without 
producing  twisting  or  bending  stresses  in  the  connectioxus  themselves. 

176.  Tendency  to  Greater  Rigidity.  There  is  a  growing  tendency 
to  use  stiffer  bracing,  to  design  at  least  all  short  braces  for  compression,  and 
to  make  even  the  longer  tension  members  of  channels  or  angles,  forming  a 
rigid  member.  Unless  pin-connected  eye-bars  are  of  exactly  equal  length, 
some  of  them  wiU  receive  more  than  their  share  of  the  total  stress. 

177.  Floor^beam  Connections.  In  the  United  States,  floor-beam 
connections  were  formerly  made  by  hanging  the  floor  beams  from  the  pins 
by  means  of  hangers;  but  now^  where  possible,  the  ends  of  the  floor  beams 
are  riveted  directly  to  the  inner  sides  of  the  posts* 

178.  In  tension  members,  rivets  are  so  arranged  as  to  reduce  the  net 
effective  section  as  little  as  pooBible. 

1 79.  GompressioB  members  are  so  designed  as  to  place  most  of  the  material 
as  far  as  jyosiiible  from  their  neutral  axes,  and  they  are  sometimes  strength- 
ened by  auxiliary  ties  or  posts  supporting  them  at  their  middle  points,  in 
cases  iraere  the  resulting  saving  in  material  for  the  member  will  be  consid- 
erably greater  than  the  expenditure  of  material  in  the  auxiliary  member. 

*  Riveted  trusses  are  unfortunately  called,  also,  "lattice  girders,"  "lattice 
trusses, "  ' '  rilreted  lattice  girders  "  and  * '  riveted  lattice  trusses."  The  term 
.'*'  lattice  "  is  often  applied  to  shallow  trusses  with  numerous  panels. 


( 


ISO.  Bo  far  M  poanbie,  oomprenioD  membm 
•sauut  bending  about  either  of  tLe  two  principal 
of  their  crooo  eoctiona. 


ABi 


i^ 
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191.  Where  the  same  member  occurs  many  times  in  a  bridge,  and  whfers, 
therefore,  an  excess  of  material  in  the'  design  of  such  member  would  inrolT* 
a  large  total  waste,  the  computation  of  the  member  is  repeated  many  timrm 
until  the  most  economical  section  is  found. 

199.  In  metal  trusses  the  shorter  members  are  usually  made  to  withstand 
compression,  and  the  longer  ones  tension^  this  being  more  eoonomieal  of 
material.  Thus,  the  Pratt  truss,  with  diagonal  tension  memberB,  is  used 
for  steel  bridges,  while  the  Howe  truss  is  now  built  only  with  wooden  diaflo> 
nals. 

Tension  Memben. 
^      w  .  maximum  tensile  strsflB 

183.  In  eye-ban.  area  of  crossH^ction  -  ^j^wable  unit  tenrion  ' 

184.  The  dimensions  of  the  heads  of  eye-bars  are  usually  determined  bv 
the  manufacturers,  and  are  so  designed  as  to  give  ample  excess  of  strength 
at  the  pin-holes,  so  that,  if  tested  to  destruction,  fully  two-thuds  of  the 
number  of  bars  tested  shall  break  in  the  body  of  the  bar,  this  being  usually 
required  by  specifications.  It  is  imp<Htant  uiat  the  proportions  of  eve-bar 
heads  should  be  such  as  to  ensure  thorough  working  <x  the  metal  in  the  up- 
setting process. 

,   /    I    \i/  \i/  \l/  \i/ 
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185.  Fig.  60  shows,  to  two  different  scales,  the  "packing"  (a. 

of  pins  and  eye-bars)  m  the  left  half  of  the  lower  chord  of  a  150  ft. .^_ 

^kew)  span  built  bv  the  Phceniz  Bridge  Co.  in  1900  for  the  Philadelphia  and 
BcHEMiing  Railway  Co.  near  Reynolds,  Pa. 

186.  Built  Sections.  Hip  vertical  han^rs,  non-adiustable  counters 
and  their  corresponding  nuuns,  are  usually  built  up  of  rolled  steel  shapes 
A  section  in  common  use  shown  in  Fig.  51,  consists  of  four  angles,  connected, 
at  intervals,  by  small  narrow  flat  bars,  riveted  to  the  angles  and  running 
across  ligiag  from  one  to  the  other.     When  single,  as  in  Fig.  51,  this  is  called 

-  "lacing";  when  double,  as  in  Fig.  52  (6).  " latticing."     The  shaded  area  of  the 
angles.  Fig.  51,  minus  that  of  the  rivet  holes,  is  taken  as  the  effective  section. 

187.  Mlnlmam  Sections.  Specifications  (see  Digests)  usually  require 
the  use  of  some  minimum  section.  Thus,  in  a  counter  in  which  the  stress  is 
58,000  lbs.,  3.5  square  inches  dL  cross-section  would  suffice;  but  speoifioatiMis 
frequently  forbid  the  use.  in  such  sections,  of  any  angle  smaller  than  3^  X  3i 
X  t,  which  gives  0.20  square  inches  gross;  or,  deducting  one  rivet  hole  from 
each  angle,  7.68  square  mches  net  section. 

Compresalon  Members. 

188.  The  eomputatlon  of  a  eompreasion  member  consista  of  a  aeries  of 
approximations;  tor  the  unit  stress  depends  upon  the  radius  of  gyntion.  the 
radius  of  gyration  on  the  area  of  section  and  dispoeal  of  materialwith  regard 


to  the  axes,  and  this,  in  turn,  on  the  unit  stress. 
of  Materials. 


See  Columns,  under  Strength 


189.  Fig.  52  (o)  shows  a  form  often  used  for  poets,  and  eonsisting  of  two 
channels,  placed  with  their  backs  outward  and  riveted  together  by  lacing 
In  Fig.  52  (6)  the  channels  are  placed  with  their  backs  inward,  for  eoon* 
omy,  the  channels  should  be  so  spaced  as  to  make  the  radius  of  gyimtion  the 
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.  about  ettlier  axis,  A-B  or  X-Y.    The  radius  of  gsmtion  is  given  in 
hand-books  of  mfrs  of  struotnial  shapes.    See  pp.  1174,  etc. 

190.  The  upper  ehord  section  is  frec^uently  built  uj>  of  two  channels 
and  a  plate,  or  in  some  such  form  as  shown  m  Fig.  53,  consisting  of  two  verti- 
cal plates  or  "webs,"  a  horisontal  top  plate  or  '^ cover,"  four  "angles,"  and 
flat  pieces  or  bars  on  each  «de  of  the  bottom.  Lattice  bradng^  or  lacing,  is 
provided  along  the  bottom,  except  at  panel  points,  where  it  is  omitted  in 
order  that  the  poet  and  the  ties  may  enter  the  chord  from  below.  In  pin- 
connected  trusses  the  axis  of  the  pin  lies  in  the  line  Afi. 

191.  The  interior  width,  w,  depends  chiefly  on  the  space  required  by  the 
post  and  ties  which  meet  at  the  panel  point,  and  also  upon  t-he  height  of  the 
inside  rivet  heads.  Usually,  for  convenience  of  construction,  the  greatest 
width,  10,  required  is  kept  constant  throughout  the  upper  ehord.  The  heisht. 
H.  depends  chiefly  on  the  sise  of  eye-bar  head,  ancl  is  kept  constant.  The 
thiekneeses  of  the  web  plates,  and  sometimes  also  those  of  the  bars  and 
angles,  are  varied,  along  the  chord,  in  order  to  provide,  at  each  point,  suffi- 
cient area  to  withstand  the  stress. 
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103«  The  end  post  is  to  be  considered  not  only  as  a  column,  but  also  as  a 
beam  subject  to  shear,  on  account  of  the  wind  blowing  against  the  top  of  the 
side  of  the  truss.  Thedesign  of  this  built-up  form  is  much  the  same  in  phnci- 
ple  as  that  given  above  for  a  post.  Certain  sections  are  tried,  and  then 
changed  if  necessary. 

193.  The  end  post  must  be  safe,  not  onlv  against  bending  about  the 
axis,  A-B,  Fiff.  53,  under  compression,  but  also  against  bending  about  the 
other  axis,  X--Y,  under  the  combined  effeet  of  compression  and  the  bending 
momwit,  due  to  the  wind  Mowing  against  the  top  of  the  truss.  See  Fig.  64  (a) . 


Fiir*ii4. 

194.  The  portal  bracing,  above,  and  the  floor  beam,  below,  are  assumed 
(o  prevent  bending  of  the  parts  of  the  posts  adjacent  to  them :  and  we  may 
consider  either  half  of  either  poet  (  -  f  Z)  as  a  vertical  cantilever,  fixed  at 
one  end.  and  loaded,  at  the  other  end  (which  is  at  the  middle  of  the  post) 
with  a  load  -  wind  pressure  on  half  the  upper  por^on  o^^^^ 
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196«  The  maxiinum  stresses,  due  to  oompression,  of  course  oocar  aboul 
the  middle  of  the  post,  while  those  due  to  the  wind  occur  near  the  ends. 
Hence  it  would  be  tmreasonable  to  require  the  post  to  resist  all  of  both 
effects  simultaneously  throughout  its  length;  and  specifications  therefore 
usually  allow  the  unit  stress,  diie  to  dead,  live^  impact  and  wind  loading  com* 
bined,  to  be  increased  to  21,000  Kbs.  persq.  in.,  properly  reduced  by  formula 
for  compression. 

196.  liOnir  eompreflflton  members  are  designed  with  a  view  to 
their  liability  to  failure  b^  buckling  sideways.  The  formulas  in  common  use 
are  the  Rankine  (often  miscalled  the  Gordon) :p  —  «/(l  +  iit  K^ ;  and  the 
••  straight-line  ":  p  ■■  a  —  c  K.     Here 

p  —  mean  unit  load  on  column  a  total  load  -i-  solid  croes-eection  axea; 

•   "  max  unit  stress  in  cross-section; 

K  >»  L  /  r  —  unsupported  length  -r-  least  gyration  radius; 

m  and  c  >-  coefficients. 

See  also  pp  495,  etc,  760-761,  764,  1104-1195,  1143-1148. 

197.  The  formula  for  extreme  fiber  stress  due  to  combined  comprassioo 
and  bending,  is 

8-^4-     M>T 

^       Ec 

Where    P  ■»  longitudinal  compres^ve  force; 
A  —  area  of  section ; 

Mb  ^  bending  moment  due  to  transverse  load; 
T  ■"  distance  from  neutral  axis  to  extreme  fibers; 
I  ■•  moment  of  inertia; 
I  —  length  of  beam ; 
E  —  modulus  of  elasticity; 
e  —  coefficient.     See  Transverse  Strength,  f  103. 

Joints. 

198.  Pin  Plates.  Where  a  pin  passes  throu^  one  or  mofc  shapes  of 
some  member,  if  often  happens  that  the  combined  surfaces  of  the  truss  mem- 
bers alone,  in  contact  with  the  pin,  are  insuffident  to  transmit,  by  bearing,  aU 
of  the  stresses  to  be  delivered  to  the  member.  There  is  then  danger  of 
crushing  the  material  which  presses  against  the  pin.  To  obviate  this,  other 
shapes,  usually  flats  and  called  pin  luates  or  remforcing  plates,  are  riveted 
to  the  member;    giving,  in  all,  sufficient  bearing  surface  for  the 


Fig.  55;  where  the  letters  denote: 

AA,  angles,  W,  web, 

C,  cover,  P,  pin. 


pin.    See 


B,  bar, 


J,  jaw. 


F,  filler. 

O,  outside  pfai  plate, 

T,  batten  plates. 


199*  In  F!g.  56,  the  two  channels  form  the  wAds  member  (except  tlie  lat- 
ticing, which  cannot  be  included  to  reost  compression)  and  the  pin  passes 
through  both  channels.  In  the  case  of  a  built-up  chord  section,  or  of  an 
smd  post.  Fig.  53,  however,  the  webs  form  on^  a  ^a^^^^^^ section; 
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while  the  eoTer,  the  ansles  and  the  flats  oa&  receive  no  streae  directly  from 
the  pin,  but  muet  receive  it  indirectly  f nnn  the  web  and  from  the  pin  platee 
attached  to  it. 

300.  Where  a  pin  plate  is  placed  on  each  eide  of  the  web,  the  outnde  one 
must,  according  to  moet  specifications,  cover  the  angles;  and  there  must,  in 
addition,  be  a  <^flller"  between  it  and  the  web. 

ZOtm  Engineers  differ  as  to  the  manner  in  which  the  stresses  are  actually 
transferred  through  the  several  parts  of  a  pin  connection.  We  may  assume 
that  the  stresses  in  the  pin  plates  are  delivered  almost  directly  to  the  shapes 
of  the  member.  Thus,  the  outer  reinforcing  plate  probably  delivers  most  or 
all  of  its  stress  to  the  angles,  and  little  or  none  to  the  web. 

Z02m  In  each  angle,  thoee  rivets  which  pass  through  the  inner  pin  plate 
must  transmit,  by  means  of  their  bearing  aeainst  the  angle,  the  sum  of  the 
stresses  which  they  take  by  shear  from  inside  and  from  outside.  In  other 
words,  these  rivets  are  in  double  shear. 

Pins. 

203*  The  pin  must  be  designed  to  resist  bending  stresses  from  the  mem- 
bers through  which  it  passes.  It  b  also  subject  to  shear,  but  this  is  seldom 
a  critical  point. 

/304.  The  pin  requiring  the  greatest  crofl»«ection  is  usually  either  the  one 
at  the  middle  of  the  span  and  in  the  lower  chord,  where  the  chord  stresses 
are  greatest,  or  the  one  at  the  joint  between  the  end  post  and  the  top  chord ; 
but.  as  the  pins  are  relatively  small  members,  all  the  other  pins  are,  for  the 
sake  of  uniformity,  usually  made  of  the  same  sise  with  it. 


{ 


Fly.  56. 


Jf\>UHdation 
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Expansion  Bearings. 

SOS.  Expansion  bearings  usually  consiBt  of  a  nest  of  carefully  turned 
rollers  placed  between  two  planed  surfaces,  shown  in  principle  in  Fig.  57. 

tdOSm  The  rollers  are  steel  cylinders,  from  3  to  6  ins.  dlam. ;  and  1  to  4 
ft.  long;  planed  smooth.  From  4. to  8  or  more  of  these  are  connected  to- 
gether E>y  a  frame,  and  one  such  frame  is  placed  under  at  lesst  one  end  of  the 
truss.  The  rollers  rest  upon  a  strong  planed  cast  bed-plate;  bolted  to  the 
masonry  below.  Under  the  end  of  the  truss  is  a  similar  plate  by  which  it 
rests  on  the  rollers.  Since  a  truss  of  even  200  ft.  span  will  scarcely  change  its 
length  as  much  as  3  ins.  by  extremes  of  temperature,  the  play  of  the  rollers  is 
but  small,  lliey  are  kept  in  line  by  flanges  cast  along  the  side  of  the  bed- 
plate. Flanges  should  also  project  downward  from  the  upper  bed-plate, 
BO  as  completely  to  protect  the  rollers  from  dust,  rain,  etc. 

207.  The  total  displacement,  allowed  for  the  free  end  of  the  truss,  is 
usually  specified  (floe  Digests) ;  otherwise  it  may  be  taken  as 

n-  (T  — Qepan 
145.000     • 

where  T  and  t  —  the  max.  and  min.  temps,  respectively,  in  degrees  F.  The 
min.  temp,  to  be  expected  may  be  obtained  from  Weather  Bureau  records 
of  temps,  in  tlie  shade,  but  the  max.  should  be  taken  20^  or  30^  higher  than 
that  of  the  Weather  Bureau ;  because,  in  bright  sunshine,  the  bridge  will 
become  much  hotter  than  the  air. 

208.  Roekers.  In  order  to  restrict  the  length  of  the  bearing,  where  the 
displacement  is  moderate,  rockers,  Fig.  62,  are  often  used  instead  of  rollers. 

200.  For  other  regulations  and  suggestions  regarding  design  of  roller 
bearings,  see  Digests  of  Specifications,  and  Figs.  60  and  61. 
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See  also 


210.  Loads,  Clearance,  etc.,  for  Highwa^r  Brldset. 

Digests  of  Specifications  for  Bridges. 

Weights  of  crowds.  At  the  Chelsea  bridge,  London,  padced  men, 
packed  upon  the  platform  of  a  weigh-bridge,  gave  a  load  of  only  84  Ibe.  per 
sq.  ft.  At  Buckingham  Palace,  men,  wedgea  as  doealy  as  jxwable  upon  a 
space  20  ft.  in  diameter,  the  last  man  lowered  from  above,  amonc  the  others, 
gave  120  lbs.  per  sq.  ft.  But  modem  experimenters  have  eacuy  obtained 
loads  of  from  140  to  150  lbs.  per  sq.  f  jt.  With  picked  men,  averaging  163.2 
lbs.  each,  all  facing  one  way,  carefully  packed,  and  confined  within  an 
enclosure  6  ft.  square  (0.9  sq.  ft.  per  man).  Prof.  L.  J.  Johnson,  at  Harvard 

University,  obtamed  a  maximum  of  181.3  lbs.  per  sq.  ft.*    See  also 

756.  etc. 

Where  the  endosure  of  the  space  is  sudi  that  portions  of  the 


standing  against  the  endosure,  may  project  beyona  it,  the  load,  per  unit 
space,  is  of  course  increased;  and,  with  small  areas,  this  increase  may  be 
relativdy  important. 

Camber. 

211.  Amoant  of  Camber.  If  we  divide  the  span  in  feet,  by  SO,  tho 
quot.  will  ordinarily  be  a  sufficient  camber,  in  inches.  This  amoonts  to  1  ir^ 
600.  The  camber  to  be  used  is,  however,  usually  stipulated  in  the  speeifica- 
tions.  See  Digests.  A  well-built  bridge,  of  good  design,  should  not,  undet 
its  greatest  load,  deflect  more  than  about  one  inch  for  each  100  feet  of  its 
span,  or  1  in  1200.     Indeed,  the  deflection  is  frequently  much  less  than  thia. 

212.  The  excess  of  length  of  the  upper  chord  over  that  of  the  lower  one, 
given  the  span,  the  depth  of  truss  and  the  camber,  will  be  — 

8  X  depth  X  camber  ^^        j» 

span 
This  rule  applies  closely  with  any  camber  not  exceeding  0.02  of 
the  span. 

218.  Length  of  diagonal « b.  Fig.  58,  e  5  -  Ja  c»  -  a  6»; 
where  a  c  "  depth  of  truss,  and  o  6  —  c  n  4-  = .  — ^^   m^ 

214.  Sometimes  the  elongation   or   shortening,    produced   by 

the  loading,  b  computed  for  each  member,  and  the  length  of  each  member 
affected  is  correspondingly  changed.    See  Deflections,  H  162,  etc 

Examples. 

215.  Figs.  59  (a)  to  (u),  to  a  uniform  scale  of  1  inch  —  60  feet,  serve  to 
indicate  current  practice  respecting  the  types  selected  for  different  jyana. 


M 


the  relation  between  span,  panel  length  and  depth,  the  spacing  of  i 
in  plate  girders,  the  arrangement  of  dbord  and  web  members,  the  use  of  rigid 
and  flexible  members,  counters  and  tumbuckles,  in  trusses,  and.  approxi- 
mately, the  dimensions  of  rigid  members  and  of  gusset  plates,  as  seen  m  ele- 
vation. 

216.  In  each  case  the  left  half  of  the  span  is  shown,  and  the  oenter  line  ot 
the  span  is  Indicated  by  a  dot-and-dash  line.  Through  spans  and  deck  spans 
are  aistinguished  by  the  elevation  of  the  roadway,  as  approximately  indi- 
cated at  the  left  support. 

217.  In  Figs,  h  to  q^  representing  trusses,  rigid  members  are  indicated  by 
double  lines,  flexible  members  in  verticals  and  main  diagonals  b^  single  linea| 
and  counters  by  dotted  lines.  In  pin  spans,  to  avoia  confusion,  the  rigid 
members  are  shown  cut  off  near  the  pins. 

218.  Figs,  (a)  to  (o)  represent  standard  designs,  from  25  to  200  ft.  span,  by 
Mr.  Ralph  Modjeski,  C.E.,  for  the  Northern  Pacific  Railway  Co.;  Fig.  (p) 
a  250  ft.  railroad  span  designed  by  the  Penooyd  Works  of  thsAmeriean 
Bridge  Co.:  Fig.  (o)  a  308  ft.  railroad  span  by  the  Phcsnix  Bridce  Co.;  Fi«L 
(r)  to  (0  designs  for  riveted  trusses  bv  the  Elmira  Works  of  the  American 
Bridge  Co.;   and  Fig.  (u)  a  riveted  railroad  bridge,  of  102  ft.  span,  dweigniirt 


J  Co.;   and  Fig.  (u)  a  riveted  railroad  bridge,  of  102  ft.  span, 
by  the  Pencoyd  Works. 

*  Journal,  Ass'n  Engng  Socs,  Jan.,  1905. 

Digitized  by\jOOgl€ 


919.  Fig.  (a)  TtpnmntB  a  beam  sirder:  Figs,  (b)  to  fff)  pUta  sirdara;  and 
RsB.  (h)  to  (9)  riveted  and  pin  iniaseB;  Figs,  (k)  and  (t)  being  riveted,  and 
Pi«».  (f)  to  («)  pin. 


(«) ^^  ^iimiimiiii(ci) <>-> tllHMIIII|l 
(wlF^  ^<«^>^!yniiEi:|«^)(g)^iiniiiiiiij 


( 


Fiff.  59  (at* 9) 


Digitized  by\jOOgl€ 


728 


TRUB8BB. 


220*  Fiff .  Cr)  npresenta  a  1 28  ft.  span  for  the  New  York  Central  and  flod- 
aon  River  R.  R.,  and  Figs,  (a)  and  (0  spans  of  143  ft.  and  160  ft.  reapeetivel^ 
for  the  Delaware,  Lackawanna  and  Weetem  R.  R.  Fi^.  (r)  and  (a)  are  modi- 
fications of  the  Baltimore  truss,  Fig.  15  (6),  aod  Fig.(0  isa  quadruplexWairen 
iruss.    Fig.  (a)  is  a  skew  spau.    Fig.  (u)  is  a  "pouy^*  span. 


^ 


Flan  o/  FToor  and 
Botiont  Braolna 

Fly.  a»  («). 


Fiff.  5»  (M). 

tSl.  Details.     Figs.  60  to  65  show  a  few  details  of  truasee  and  of  plate 
Orders. 

Z22*  Fij^.  60  and  61  show  left  end  connections  of  two  throu^ 
bridges  (with  roller  bearings)  designed  by  the  Pencoyd  Worksri 
representing  the  250  ft.  through  pin  span  shown  in  Fig.  59  (p),  and  ] 
a  124  riveted  through  span,  showing  the  portal  bracing^  L^OOQlC 


£2^AJU'Li£B. 
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Ij      riv.  6a.       I 


) 


Scmie  f&r  Tigs.  €9p  C8| 

223.  Fie.  62  shows  the 
left  end  bearing  (with 
rooken)  and  a  floor  beam 
connection  for  the  standi 
ard  200  ft.  deck  pin  8|ian 
of  the  Northern  Pacific 
Hailway.  Fig.  59  (n):  and 
Fig.  63  nhowB  a  floor  beam 
connection  of  the  160  ft. 
through  pin  span  of  the 
eame  railway.  Fig.  59  (m). 


11: 

o    o  o    o 
o    o  o    o 

0     O  O     0 

I      o    o  o    o 
0    o  o    o 

,      o    •   •!   o 

LsJs2aL2 

O      0  ^^^— 0 


(a) 
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394.  HcB.  64  sad  65  repnseni  raspeethrely  a  50  ft.  deck  plate  sirder  oft 
die  N.  Pae.  Ry.  and  an  85  ft.  throush  plate  girder  by  the  Penooyd  Works. 


2ZS*  Weights  of  Steel  Bailroad  Bridees.    Fig.  66,  based  upon  the 
actice  of  the  Northern  Pacific  Railway,  1002.*  shows  the  approximate 


( 


too 
Spans,  in  feet. 


*  See  paper  by  Ralph  Modjeeki.  C.E.,  in  ^'Journal  of  the. Weftem  Society 
of  Engineers,"  Oiicago.  Feb^  1901.  vol.  vi.  No.  1.      Q  '^  ^  bT^CTOgl 
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welshta  of  steel  rmllroad  bridges  darisaed  for  two  looomotivM,  ol 
146  tons  each,  and  a  uniform  train  load  of  4000  lbs.  per  loot  of  track.  Tht 
weichts  indude  the  two  beanM>  girders  or  tnuaes  of  one  eingle-traek  avan, 
witntheir  bracing  metal  floor  evstem  and  end  bearings.  For  wooden  floor 
system,  add  400  lbs.  jser  lineal  toot.  For  pin-connected  spans  (130  to  200 
ft.),  the  three  dash  diagrams  show,  respectively,  the  weights  of  two  tmssea 
alone,  of  two  trusses  and  bracing,  and  of  two  trusses,  bracing  and  meUi 
floor.    The  solid  carve  includes  weights  of  end  bearings. 

For  weights  of  oombination  (wood  and  iron)  railroad  bridges,  see  \  249. 

Highway  bridges  differ  so  widely,  as  to  service  and  design,  that  it  ii 
aearoely  practicable  to  give  here  uaecul  data  as  to  their  weights. 

LJsft  of  Larffe  Bridges. 

Each  bridge  here  given  is  believed  to  be  (1002)  the  largest  of  ito  type  is 
the  world. 

Type                   Spanning                      At  Span,  ft.  BiuH 

Trass, OhioRiver  Louisville  553  1883 

Swing.   Missouri  River  Omaha  520  ISM 

Suspension,  •  •  •  • .  £ast  River 

("Brooklyn")  New  York  1505  1883 

Suspension, East  River 

("New")  New  York  IflOO               • 

Arch  (metal),. . . .Niagara  River  Niagara  Falls  840  1888 

Arch  (stone) .Petruff  Valley  Luxembourg  277               * 

Cantilever, Firth  of  Forth          -  (^ueensferry  1700  1890 


The  highest  viaduct  is  the  Cxokteik  Viaduct,  in  Burmah,  with  a  maximum 

height  or820  ft.,  J  "  "  

buUt  in  1901. 


ght  of  320  ft.,  and  a  total  length  (compoeed  of  short  spans)  of  2200  ft.. 


Timber  Trasses. 

226.  Timber  is  now  becoming  so  expensive,  except  in  unsettled  legioDS. 

and  the  labor  of  designing  so  cheap,  that  it  is  no  longer  found  to  be  good 

practice  to  use  unnecessarily  heavy  timbers,  simply  for  the  sake  of  bein^  "on 

the  safe  side"  and  avoiding  computations.     Hence,  in    important  bridges. 


every  part  of  each  member  under  stress  is  usually  computed.  On  the  ouer 
hana,  the  strength  of  wood  is  so  uncertain  an  element  that,  when  in  doubt, 
it  is  best  to  adopt  that  assumption  which  will  require  the  larger  section;  and 
ample  faotora  of  safety  should  be  used. 

227.  Compreaiif  on  members  are  designed  as  columns  (see  Cohimnt. 
pp  495,  etc.,  azid  Wooden  Columns,  pp  963,  etc.) ;  and,  if  subjected  to  transverw 
streaees  as  well,  these  also  should  be  carefully  taken  into  account  All  holes 
and  other  reductions  of  section  must  of  course  be  deducted  from  the  groie 
section. 

229.  In  the  tension  members  also,  all  reductions  of  section  must  be 
considered;  but  iron  or  steel  rods  are  now  generally  used,  in  place  of  wood, 
in  tension  members. 

229.  In  addition,  care  should  be  taken  that  the  timber  can  withstand 
any  ernsbtnip  or  sliearlnip  stresses  that  may  come  upon  it  or  be  set  up  in 
it.  Thus,  the  ends  of  posts  should  be  investigated,  to  see  that  they  are  safe 
against  crushing.  Where  a  |K>8t  meets  another  member  at  an  inclined  an^e 
and  is  to  be  notched  into  it,  it  is  economy  to  compute  the  depth  of  notch  re- 
Quired;  as,  the  deeper  the  notch,  the  greater  the  gross  section  required  fo' 
the  notched  member.  Where  bolts  are  fastened  to  timbers  by  nuts,  washers 
should  invariably  be  placed  under  the  nuts,  and  the  sixe  of  washer,  neeessar}' 
to  prevent  crushing  the  wood,  computed. 

2S0.  Where  the  wood  is  subjected  to  shearing,  as  where  a  bolt,  passed 
through  a  timber,  transmits  stress  by  the  bearing  of  its  side  against  the  inside 
of  the  hole,  or  where  there  is  a  step  or  table  which  may  be  sheared  cSl  by  the 
pressure  of  another  piece  against  it,  it  should  always  be  seen  that  there  is 
sufficient  surface  along  the  grain  of  the  wood  to  take  the  shear,  and  some 
allowance  should  be  made  for  the  possibility  that  the  grain  may  run  out  to 
the  surface  or  to  some  hole  before  all  the  stress  can  be  transferred. 
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981*  CroiS-sectloB  of  Upper  Cbord*  Since  it  would  be  inconve- 
tuent,  in  practical  construction,  to  change  the  section  of  a  timber  upper  chord 
at  different  points,  it  is  designed  throughout  to  withstand  the  maximum 
BtresB  occurring  between  any  two  panel  points.    Assume  width  of  chord 

member.    Find  H  -  (least  radius  of  gyration)*  -  ^^^^^^\    Fmd  allowable 

unit  stress  according  to  column  formula  given  in  specifications  or  adopted, 
using  the  given  maximum  stress.  Find  area  required  for  this  unit  stress. 
Una  the  resulting  depth,  which  for  a  horisontsJ  or  inclined  member  is  pref- 
erably somewhat  greater  than  the  width,  to  allow  for  bending  moment  due 
to  its  own  weight.  If  this  does  not  give  a  gcKxl  commercial  sue,  it  may  be 
veil  to  revise,  m  order  to  obtain  a  better  section. 

232.  Struts  are  preferably  made  as  wide  as  the  upper  chord.  Each  strut 
must  be  designed  separately.  Obtain  r*,  allowable  unit  stress,  etc..  as  for  the 
upper  chord.  For  economy,  the  struts  should  average  nearly  square,  even 
though  it  should  be  necessary  to  alter  the  section  of  the  upper  chord  in  order 
to  prevent  wide  deviation  from  a  sqtiare  section. 

233*  The  Tcrtlcal  ties  (of  iron)  may  now  be  designed.    Area  of  cross- 
..  maximum  stress  -.    .         -_.  .  o    4.        «  .»-      mi. 

eeetion  —  -^ r-. rr—r .     But  see  Minimum  Section,  1  187.     The 

allowable  unit  stress 
sise  of  a  nut  is  usually  fixed  by  the  diameter  of  the  rod,  but  the  washers 
should  be  so  designed  as  not  to  crush  the  wood. 

234.  The  bearings  or  indentations,  required  in  the  upper  and  lower 
chords  to  hold  the  inclined  members  in  place,  may  now  be  computed.  The 
component  (in  the  strut)  perpendicular  to  the  face  or  faces  against  which  it 
presses,  is  computed,  and  the  necessary  depth  obtained,  assuming  the  width 
of  the  lower  chord  the  same  as  that  of  the  upper  chord  and  the  struts. 

235.  The  section  of  the  lower  chord  may  now  be  decided  upon,  since 
the  reduction  of  section,  due  to  indentations,  is  known. 

A».  of  nrt  cross^tion  -    ,.°'"!'""°' f*"^— 
allowable  unit  stress 
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236*  End  Joint.  Fig.  67.  Many  different  designs  for  end  joints  have 
been  made,  proposed  ana  discussed.  The  ends  of  the  straps  should  enter 
notches  in  the  lower  chord,  to  such  a  depth  that  the  total  stress,  taken  by  the 
end  fibers  of  the  sides  of  the  notches,  is  equal  to  the  stress  that  the  ends  of 
the  straps  can  resist  by  bending.  This  depth  can  be  found  by  buccessive 
trials,  or  by  means  of  two  algebraic  equations,  in  which  the  maximum  allow- 
able pressure  and  the  depth  of  notch  are  the  two  unknown  quantities. 

Determine  the  shearing  surface  required  to  transmit  this  stress  to  the  body 
of  the  lower  chord.  This  will  also  determine  the  space  between  the  notches 
and  the  end  of  the  lower  ehoid.    Compute  the  stzess  (if  any)  that  remains  to 
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be  transferred,  and  deebpi  the  lone  inelined  bolts  and  their  wadben  aeooid- 
ingly.  Compute  also  tne  oompreasiTe  area  and  depth  of  vertical  face  of 
lower  end  of  upper  chord,  required  to  transmit  the  hoiiaontal  component  of 
its  thrust.  See  also  that  the  lower  bearing  presents  snfficiettt  surfaee  to 
resist  the  vertical  component.  The  ke^v,  between  the  bolster  and  the  lower 
chord,  must  be  designed  to  carry  the  horiaontal  component  of  the  wind.  For 
safety,  friction  between  the  two  parts  should  be  neglected, 

287>  Fi^.  68  show  Joints  adapted  to  most  of  the  cases  that  ooeor  m 
practice  with  wooden  biMims,  etc.  They  need  but  little  explanation.  Fig. 
(a)  is  a  good  mode  of  splicing  a  post ;  in  doing  which  the  line  o  o  should  never 
be  inclined  or  sloped,  but  be  made  parallel  to  the  axis  of  the  i>oet ;  otherwise 
in  case  of  shrinkage,  or  of  great  pressure,  the  parts  on  each  side  of  it  tend  to 
slide  along  each  other,  and  thus  bring  a  great  strain  upon  the  bolts.  When 
greater  strength  is  required,  iron  hoops  may  be  used,  as  at  fr,  A  and  /.  instead 
of  bolts.  Fig.  (6)  shows  a  post  spliced  by  4  fishing  pieces;  which  may  be 
fastened  either  by  bolts,  as  m  the  upper  part ;  or  by  hemps,  as  in  the  lower. 
The  hoops  may  be  tightened  by  flanges  and  screws  as  at  s;  or  thin  iron 
wedges  may  be  driven  between  them  and  the  timbers^  if  necessary.  Fig.  G 
shows  a  good,  strong  arran^ment  for  uniting  a  strainmg-beam  k,  or  rafter  U 
and  a  queen-post  u;  by  lettmg  k  and  I  abut  against  each  other,  and  confining 
them  between  a  double  queen-post  t  i;  n  n  are  two  blocks  through  which 
the  bolts  pass.  A  similar  arrangement  is  equally  eood  for  uniting  tlie  tie- 
beam  w,  with  the  foot  v.  of  the  queens ;  with  the  addition  of  a  strap,  as  in  the 
figure.  Fig.  (e)  is  a  method  of  framing  one  beam  into  another,  at  nght  angles 
to  it.  An  Iron  stirrup,  as  at  /,  may  be  used  for  the  same  purpose;  and  is 
stronger.  Fi|ES.  pKiJ  are  built  beams.  When  a  beam  or  girder  of  great 
depth  is  required,  if  we  obtain  it  by  merely  laying  one  beam  flat  upon  an- 
other, we  secure  only  as  much  strength  as  the  two  Dcams  would  have  if  sep- 
arate. But  if  we  prevent  them  from  tltding  on  one  another,  by  inserting 
transverse  blocks  or  keys,  as  at  g;  or  by  indenting  them  into  one  another,  a» 
at  t  /;  and  then  bolt  or  strap  them  firmly  together  to  create  friction ;  we  ob- 
tain nearly  the  strength  of  a  solid  beam  of  the  total  depth;  which  strength  is 
as  the  9miare  of  the  depth.  See  Horisontal  Shear,  1 51,  under  Transverse 
Strengtn. 

IS38.  The  strength  of  a  built  beam  is  increased  by  increasing  its  depth  at 
its  center,  where  it  is  most  strained :  as  in  the  upper  chords  of  a  bridge.  This 
may  be  done  by  adding  the  triangular  strip  y  y  between  the  two  beama. 

230.  A  piece  of  plate-iron  may  be  placed  at  the  joints  of  timbers  when 
there  is  a  great  pressure;  which  is  thus  more  equally  distributed  ov<ar  the 
entire  area  of  the  joint;  or  cast  iron  may  be  used. 

240.  Frequently  a  simple  strap  will  not  suffice,  when  it  is  necessary  to  draw 
the  two  timbers  very  tightly  together.  In  such  cases,  one  end  of  each  strap 
may,  as  at  rr,  terminate  as  a  screw;  and  after  passing  through  a  cross  bar  Z, 
all  may  be  tightened  up  by  a  nut  at  x.  Or  the  principle  of  the  doubU  Jfcey, 
shown  at  K,  may  be  applied.  Sometimes,  as  at  A^  the  hole  for  the  bolt  is 
first  bored :  then  a  hole  is  cut  in  one  side  of  the  timber,  and  reaching  to  the 
bolt-hole,  large  enough  to  allow  the  screw  nut  to  be  inserted.  This  being 
done,  the  hole  is  refilled  by  a  wooden  plug,  which  holds  the  nut  in  place 
Then  the  screw-bolt  is  inserted,  paasins  through  the  nut.  By  turning  the 
screw  the  timbers  may  then  be  tightened  together. 

241.  When  the  ends  of  beams,  joists,  etc.,  are  inserted  into  walls  in  the 
usual  square  manner,  there  is  danger  that,  in  case  of  being  burnt  in  two,  they 
may.  in  falling,  overturn  the  wall.  This  may  be  avoided  oy  cutting  the  ends 
into  the  shape  shown  at  m. 

242.  When  a  strap  o,  Fig.  R,  has  to  bear  a  strain  so  great  as  to  end 

Its  crushing  the  timber  p,  on  which  it  rests,  a  casting  like  v  may  be  used  i 

it.  The  strap  will  pass  around  the  back  r  of  the  casting.  The  small  projec- 
tions in  the  bottom,  being  notched  into  the  timber,  will  prevent  the  casting 
from  sliding  under  the  oblique  strain  of  the  strap.  The  same  may  be  used 
for  oblique  Dolts,  and  below  a  timber  as  well  as  above  it.  When  below,  it 
may  become  necessary  to  bolt  or  spike  the  casting  to  the  under  side  of  the 
timber.  When  the  pull  on  a  strap  is  at  right  angles  to  the  timber,  if  there 
is  much  strain,  a  piece  of  plate-iron,  instead  of  a  casUns,  may  be  inserted 
between  the  strap  and  the  timber,  to  prevent  the  latter  mHn  being  cnidkea 
or  crippled ;  see  land  I.  Digitized  by  L^OOg  IC 
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243.  Lower  Chord  Splice.    Owing  to  the  length  of  the  lower  ebord, 

it  may  be  necessary  to  splice  it.  as  in  Fig.  69.  where  the  splice  is  a  tabled  fish- 
plate joint.  The  number  of  tables  to  be  used  is  largely  a  matter  of  trial.  The 
use  of  too  many  tables  involves  too  much  carpentry,  and  consequent  uncer- 
tainty as  to  distribution  of  pressures,  while  the  use  of  too  few  requires  deep 
notches,  which  may  too  greatly  reduce  the  section.  These  tables  must  be 
designed  to  resist  oearing  against  their  ends,  and  to  resist  being  sheared  off. 
Bolts  should  be  passed  ttirough.  especially  at  the  ends  of  the  nsh-pIatM,  to 
prevent  them  from  bending  outward ;  and  the  washers  should  be  so  designed 
as  to  transmit  safely  to  the  wood  all  the  stress  that  can  come  on  the  bolt. 


) 


244.  Fig.  70  shows  a  lower  chord  splice  used  in  connection  with  the  stand- 
ard combination  (timber  and  iron)  Howe  truss  bridges  of  the  Chicago.  Mil- 
waukee &  St.  Paul  Railway  See  lH  249-251.  Figs.  73.  Four  of  the  clamp- 
blocks  shown  are  required  for  each  joint,  a  block  being  placed  upon  each  aide 
of  each  stick  to  be  spliced.  The  two  opposite  blocks  forming  a  pair  are  held 
together,  and  against  the  stick,  by  four  through  bolts;  and  the  cylindrical 
lugs,  cast  on  the  surface  of  each  block,  enter  corresponding  holes,  bored  in 
the  face  of  the  stick.  The  two  blocks  on  the  same  side  of  a  stick  are  held 
together  by  the  hooked  clamp-bar.  The  clamp-key  is  driven  between  the 
left  hook  and  the  beveled  key-seat  on  the  left  block. 
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245.  Figs.  71  illustrate  a  small  wooden  Howe  tmu  bridge.     The  top 

and  bottom  chords  are  each  made  up  of  three  or  more  parallel  timbers  c  cc^ 
placed  a  small  distance  apart,  to  let  the  vertical  tie-rods  r  r  pass  between 
them.  The  main  braces,  o  o,  arc  in  pairs  or  in  threes.  The  pieces  compos- 
ing them  abut,  at  top  and  at  bottom,  against  triangular  angle  blocks,  «; 
which,  if  of  hard  wood,  are  solid ;  and.  if  of  cast  iron,  hollow,  Fig.  (rf),  and 
strensthened  by  inner  ribs.  These  blocks  extend  across  the  three  or  more 
chord  pieces.  Against  their  centers  abut  also  the  counterbraces  «.  These 
are  single  pieces  in  small  bridges:  or  in  pairs,  in  large  ones;  and  pass  between 
the  pieces  which  compose  a  main  brace.     Where  the  wooden  braoee  and 
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counters  cross,  the^  are  bolted  together.  In  Fig.  {d),  the  dotted  lines  show 
the  strengthening  nbs;  and  the  lug^  x,  keepe  theblock  in  place.  The  vertical 
tie-rods  r  r,  of  iron,  are  in  pairs,  threes,  or  fours,  etc.,  according  to  sise  of 
bridge ;  with  a  screw  and  nut  at  each  end.  The  heads  and  feet  of  the  braoes 
and  counters  abut  square  against  the  angle  blocks;  and  are  often  kept  in 
place  only  by  tightening  the  screws  of  the  vertical  ties.  The  end  poets,  p 
and  d,  the  end  ties,  t  c  and  b  y,  and  the  horizontal  extensions,  g  %  and  to  6,  of 
the  upper  chord,  form  no  part  of  the  truss  proper. 
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Z4B»  In  lai^e  spans,  to  prevent  the  pressure  at  the  ends  of  the  diago- 
nals from  crushing  the  chords,  the  angle  blocks  are  sometimes  cast  with  deep 
projecting  flanges  under  their  bases.  These  flanges,  passing  between  the 
pieces  which  compose  a  chord,  extend  to  the  opposite  face  of  the  chord. 
There  the  flanges  bear  upon  broad  washers  at  the  ends  of  the  vertical  rods. 


^ 
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ZH*  A  common  form  of  lateral  braclnfl:»  Fig.  72,  resembles  a  Howe 
truss  laid  flat  on  its  side.  In  it  the  diagonals  ofthe  cross  are  struts  of  timber; 
and  the  pieces  r  r  are  round  rods.  One  of  the  struts  is  whole,  with  the  excep- 
tion of  a  sli^^ht  mortise  on  each  vertical  side,  at  its  center,  for  receiving  tenons 
cut  on  the  inner  ends  of  the  two  pieces  which  compose  the  other  diagonal. 
At  the  sides  of  the  chords,  the  ends  of  the  diagonals  rest  upon  a  ledge  (shown 
by  the  dotted  line  i  t).  about  H  inches  wide,  cast  at  the  bottom  of  the  cast- 
iron  angle  block.  The  tie-rod  r  r,  passing  through  the  chords  of  both  trusses, 
being  tightened  by  means  of  the  nut  «,  holds  the  diagonals  firmly  in  place; 
and,  m  case  of  their  shrinking  a  little  in  time,  they  can  be  again  tightened  up 
by  the  same  means. 

The  cast  angle  block  is  as  deep  as  a  brace;  its  thickness  need  not  erceed 
half  an  inch,  in  a  large  bridge.     It  has  holes  for  the  passage  of  the  rod  r  r. 
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948*  Dtmeniloiif  for  eaeh  of  two  truflses  of  a  nng^  trsek  How« 
bridge  for  highway  or  suburban  electrie  railway,  with  ears  weisbinc  20  to 
26  tons  each.  Timber  not  to  be  strained  more  than  800  lbs.  per  aq.  iaeh; 
nor  iron  more  than  6  tons  per  sq.  inch.  Iron  supposed  to  be  of  father  sops- 
rior  quality,  requiring  from  25  to  27  tons  (00,480  tbe.)  per  sq.  ineh  to  break  it. 
The  rods  to  be  uptet  at  their  sorew-ends.  To  each  of  the  two  sideB  of  each 
fewer  chord  is  supposed  to  be  added,  and  firmly  connected,  a  piece  at  lesst 
half  as  thick  as  one  of  the  chord  pieces,  and  as  long  as  three  panels,  at  ths 
center  of  the  span. 
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240.  Standard  "combination"  (wood  and  iron)  Howe  truss  rail- 
road bridges,  Chicag^.  Milwaukee  &  St.  Paul  Railway,  1891-1902. 

The  bridges  are  designed  for  a  train  load  of  4000  lbs.  per  lineal  foot. 
Wind  stresses  are  computed  for  a  pressure  of  600  lbs.  per  lineal  foot  of 
train.  Oompressive  stresses  in  braces,  max.  505,  min.  92  lbs.  per  sq.  inch. 
Tensile  stresses;  in  main  truss  rods,  max.  12,450.  min.  8500  lbs.  per  sq. 
inch  of  net  area  .<\t  root  of  thread.  Lateral  rods,  max.  15,(XX)  lbs.  per  sq. 
inch  of  net  section. 

Timber.  Cross-ties  and  guard  rails,  white  oak ;  top  chord  packing  blocks, 
white  pine;  all  other  timber,  white  or  Norway  pine  or  Douglas  fir. 

Combination  Bridges,  Chicago,  Milwaukee  &  St.  Paul  Railway: 


Total  length. 

feet,* 

82 

93 

103 

114 

125 

136 

147 

Span.  feet,*.. 

77 

88 

99 

110 

121 

132 

143 

Panels,    

7 

8 

9 

10 

11 

12 

13 

Upper  chord, . 

4,7x10 

4,7x10 

4.  8x10 

4.  8x10 

4.8x10 

4,8x10 

4,8x12 

Lower  chord,  t 

4,7x14 

4,7x14 

4,  8x14 

4.  8x14 

4.8x15 

4.8x15 

4.8x15 

M: 
At  center,  t 

2. 10x10 

2,   8x10 

2, 10x10 

2. 10x10 

2, 10x10 

2. 10x10 

2.  lOxlO 

At  ends. . . . 

2,  10x12 

2.12x12 

2, 12x12 

2, 12x14 

2, 12x14 

2. 14x14 

2,  14x14 

Counters.  C: 

At  center,  t 

2.  8x10 

1,10x12 

1,  8x10 

1,  8x10 

1,  8x10 

1. 10x12 

1.8x10 

At  ends, . . . 

1.8x8 

1.    8x8 

1,8x8 

1,8x8 

1,8x8 

1,   8x8 

1.8x8 

Vertical  rods: 

At  center,} 

3,1* 

3.   U 

3.    11 

3.  U 

/3.  21 

2,  2 

2-  it 

J  It 

3.    IJ 

At  ends, . . . 

3,  2i 

3,   21 

3,   2i 

3,  2i 
2,  2 

2,  2 

^500 

Weight,  lbs..| 

130,300 

155,500 

182.000 

209,400 

233.100 

259.900 

*  Lengths  and  spans  are  given  to  the  nearest  foot.    The  panel  Isngith  is 
10  ft.  lit  ins.     Elach  span  is  longer,  by  one  panel,  than  the  next  preeei" 
Depth,  in  all  cases,  25  feet  in  clear  of  chords.     Width,  14  ft.  6  ins.  in  i 
between  chords. 

t  For  lower  chord  splice,  see  Fig.  70,  f  244. 

t  Owing  to  the  fact  that  the  spans  have  alternately  odd  and  even  numbers 
of  panels,  there  is  some  ambiguity  as  to  the  dimensions  of  web  membets  at 
tenter  of  span. 

I  Weight  includes  the  two  trusses,  bracing  and  floor  system  for  one  aingle- 
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track  span.     Of  the  total  weight  of  the  bridge,  the  trusses  have  about  63 
per  cent.,  lateral  systems  26,  floor  system  18,  and  wall  plates  3  per  cent. 
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250.  In  all  spans,  lateral  bracing,  6X6  ins.  at  center,  8X8  ins.  at  eikdi; 
of  span;  lateral  rods,  li  ins.  at  center,  li  to  li  ins.  at  ends;  ooUision  strata, 
8  (one  at  each  end  of  each  truss),  6  X  14  ins. ;  transverse  portal  braoe.  B. 
between  ends  of  upper  chords  (one  at  each  end  of  brid^),  10  X  12 ins.; 
diagonal  portal  braces.  D  (two  at  each  end  of  bridge),  6X8  ins. 

The  floor  beams  are  10  X  16  ins.,  20  ft.  long,  14  ft.  clear  spttn,  and  2 
ft.  6  ins.  apart  center  to  center.  The  stringers  are  5  ins.  wide,  12  ina.  deep, 
placed  as  shown  in  the  end  view.  Fig.  (b) .  Ties.  8  ins.  wide.  0  ins.  deep.  1  ft. 
apart,  center  to  center.  Guard  ran,  8  ins.  wide,  5  ins.  deep.  Under  each 
end  of  the  lower  chord  are  two  timber  wall  plates,  12  X 12  ins..  20  ft.  long. 

251.  Fi^.  73  show  the  90  ft.  span.  Fig.  (a)  is  a  side  elevation  of  half 
the  span  with  top  and  bottom  lateral  braeing  and  floor  system;  Fi^.  (6)  a 
half  end  elevation,  showing  portal  bracing;  Fig.  (c)  a  panel  point  con- 
nection (the  same  for  upper  and  for  lower  chord)  *.  Fig.  (d)  a  cast-iron 
angle  block  for  same ;  and  Fig.  (e)  a  cast-iron  angle  block  tor  lateral  bracing. 

Metal   Roof   Trusses. 

252.  Among  the  types  commonly  used  for  metal  roof  trusses  are  the  trian- 
gular truss.  Fig.  26,  and  the  arch  truss;  the  triangular  truss  being  used  for 
short  spans,  and  the  arch  truss  for  lonff  spans.  See  K^  255,  etc..  and 
Fig.  76. 

253.  In  roof  trusses  of  short  span,  carrying  light  loada  the  minimam 
sections  prescribed  in  bridge  specifications  will  often  sufiioe  for  all  the  mem- 
bers.   The  connections  are  made  by  means  of  rivets  and  flat  platas,  i 
what  as  shown  in  Fig.  74. 
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Fiff.  74. 

254.  In  designing  such  trusses,  no  matter  how  light  the  stresses,  ears 
should  be  taken  to  avoid  eccentric  loadings,  which  are  apt  to  occur  where  the 
members  are  not  repeated  symmetrically  on  both  sides  of  the  flat  plates. 

255.  Train-shed  Roof,  Broad  Street  Station,  PennsylTanIa 
Railroad.  Philadelphia.  Figs.  76  (a)  to  (/).  Built  1893  by  Penco>'d 
Bridge  and  Construction  Co.,  erected  by  Railroad  0>.  Span,  300'  8';  rise. 
108' 6';  length,  689' 2i'.  Twenty  trusses,,  arranged  in  10  pairs.  3  pairs 
shown  in  Fig.  (c). 

256.  Each  truss  consists  of  two  arched  rafters.  A  B  and  B  C,  and  a  hori- 
sontal  chord,  A  C,  with  three  pin  joints.  A,  B  and  C,  Fig.  <a). 

Each  rafter  is  composed  of  two  chords,  14  radial  braces  and  26  diagonals 
For  the  sake  of  appearance,  the  chords  are  extended  across  the  top  paneU. 
occupied  by  the  two  triangular  apex  members,  and  are  there  connected  by 
a  sliding  joint. 

257.  The  horliontal  chord  AC,  Fig.  (a),  lies  below  the  floor  of  the 
train-shed,  and  is  suspended,  at  intervals,  from  girders  which  support  that 
floor  and  which  are  carried  by  iron  columns  in  the  lower  story. 

258.  End  bearings.  One  foot  of  each  truss  rests  upon  a  fixed  shoe,  bolted 
down  to  the  pier;  the  other  on  a  nest  of  1 1  steel  rollers. 

259.  At  each  end  of  the  roof,  a  horisontal  wind  truss,  WW,  Fig.  (o).  is 
suspended  from  the  rafters,  its  ends  resting  upon  braokets  riveted  to  their 
iiower  chorda. 
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260.  Between  these  horisontal  wind  trusses  and  the  rafters,  and  just  be- 
hind the  glass  curtain  closing  each  end  of  the  roof,  are  placed  vertijcal 
wind  trusses  (not  shown),  with  horizontal  and  diagonal  bracing,  in  planes 
normal  to  the  main  trusses.  These  vertical  trusses  are  hung  from  the 
lower  panel  points  of  the  rafters.  Fig.  (a) .  They  resist  the  wind  pressure  on 
the  curtain,  and  transmit  it,  through  the  horizontal  wind  trusses,  to  the 
lower  chords  of  the  rafters. 

261.  Two  rafters,  AB  and  BC,  Fig.  (a),  of  one  truss,  together  weigh 
138.000  lbs.;  chord  (two  lines  of  eye-bars)  16.000,  total  154,000  tbs.  One 
pair  of  trusses,  308,()00.  Framework  of  entire  train-shed,  including  trusses, 
purlins,  rafters  and  wind  bracing,  about  7,000,000  tbs. 


(6) 


so 


Scale  far  Figs,  lto6 


lOO 
Fiff.  75. 


200 


300 
Feet 


Ze2*  Assumed  extraneous  loads,  in  tbs.  per  sq.  ft.  of  ground  plan :  rafters 
9.5;  laterals  and  purlins,  7.5;  ventilator  and  skylight  framing,  0.5;  covering 
and  skylights,  15;  snow,  17;  wind,  35. 

283.  The  traveler,  Figs,  (a)  and  (/),  was  of  timber,  and  was  so  designed  as 
to  permit  the  use  of  the  old  train-sheds  while  the  new  roof  was  being  erected. 

264.  The  top  section,  from  apex  to  joint  9,  Figs,  (a)  and  (c),  was  riveted 
up  at  mill  and  placed  in  position  as  a  whole,  as  was  also  the  foot  section  from 
joint  27  to  the  top  of  the  triangular  foot.  The  remainder  was  riveted  on  the 
traveler.  To  erect  one  pair  of  trusses,  with  the  purlins,  etc..  connecting  it 
with  the  pair  last  erected,  required  about  10  days.  Shifting  the  traveler 
through  a  distance  about  eciual  to  its  own  length,  to  receive  the  next  pair  of 
trusses,  required  about  3  minutes,  and  was  done  by  means  of  the  engines  used 
for  hoisting. 
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Arches. 

Roof. 

Span. 

Rise. 

Length. 

Area 
Covered. 

Train-sheds. 

ft.  ins. 

ft.  ins. 

ft.  ins. 

eq.ft. 

PennBylvania       Railroad. 
Philadelpbia.         Broad 

Street  Station 

300  8 

108  6 

589  2 

177.150 

Pennsylvania       Railroad. 

Jersey  City, 

252  8 

90  0 

652  6 

164.900 

Philadelphia.  "Reading 

TermiMl."  Market  St.... 

New  York  Central  &  H.  R. 

259  0 

88  3 

506  8 

131.250 

R.R..  New  York.  Grand 

Central  Station 

199  ?. 

94  0 

652  0 

129.856 

Midland  Railway.  London. 

St.  Pancraa  Station. 

240  0 

107  0 

706  0 

169.400 

Cologne,  Germany.  Nave, . 

209  7 

78  8 

836  0 

175.200 

Exposition  Buildings. 

Machinery     Hall,     Paris, 

1889.     Nave 

362  9 

149  0 

1.380  0 

500,600 

Manufactures  and  Liberal 

Arts  Building.  Chicago. 

1893 

368  0 

206  0 

1.268  0 

466.600 

Timber  Roof  Trusses* 

!M6.  Dimensions  for  small  timber  roof  trusses*  Figs.  43  to  47. 
^^  148,  etc.,  of  white  pine.  Span  *  4  X  rise.  Combined  weignt  of  trasses, 
roof  and  load,  including  snow  and  an  allowanoe  for  wind,  40  lbs.  ner  square 
foot  of  roof  surface.  Trusses  12  feet  apart,  center  to  center.  Safety  fiietor 
-  3;  b  "  breadth;  d  -  depth.  For  Fig.  46,  struts  4.5  X  4.5  ins.  would 
giiffioe;  but,  for  practical  reasons,  the  struts  are  generally  made  as  wide  af 
the  rafters.  For  Fig.  47,  the  straining  beam  is  12X 12  ms.  For  Figs.  45. 
46  and  47,  two  sets  of  dimensions  are  given ;  the  first  for  chord  unloaded ;  the 
second  for  chord  loaded  with  100  lbs.  per  square  foot. 


Chord. 

Rafters. 
Ins. 

King  or 

Fig. 

8|.n 

Rise. 

Ft. 

Timber. 
Ins. 

Iron. 
Ins 

Queen 
Rod. 
Ins. 

caioid. 

Diam. 

Diam. 

30 

b. 

d. 

b. 

d. 

43 

7.5 

5 

10 

5 

10 

] 

unloMled 

45 

30 

7.5 

6.5 

9 

6.5 

9 

1 

1 

8.5 

11 

8.5 

11 

If 

loaded 

46 

40 

10 

6 

8 

6 

8 

1.5 

1 

unloaded 

8 

10 

8 

15 

, , 

2 

loaded 

47 

60 

15 

10 

12 

10 

12 

1.5 

i 

unloaded 

12 

14 

12 

12 

•• 

2 

loaded 
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TRANSPOBTATION  AND  ERECTION. 

a07«  GIrden  should  be  loaded  for  transportation  on  flat  oars,  with  web 
vertical,  and  with  bearings  at  the  points  distant  i  span  from  the  ends.  Where 
too  long  for  two  cars,  one  or  more  idle  spaeing  oars  are  used  and  the  points 
of  support  ore  pivoted. 


268.  Girders  may  be  erected  by  means  of  gin  poles,  derricks,  gallows, 
etc.,  or  they  may  be  skidded  from  the  cars  and  lowered  to  place  by  jacks  and 
blocking.  Ginpoles  should  have  at  least  four  guys,  with  tackles,  for  easy 
adjustment.  Hoisting  may  often  be  done  by  means  of  a  locomotive  running 
on  the  tracks  of  that  part  of  the  structure  which  is  already  completed. 
Ropes  are  used  at  about  i  their  ultimate  strength. 

1969.  Yiadncts  are  usually  built  from  above,  by  means  of  an  overhead 
projecting  traveler.  Sometimes  by  means  of  a  cableway ;  but  this  method  is 
slow.  In  some  cases  the  traveling  tower  is  on  the  ground,  and  reaches  to  the 
top  of  the  viaduct.  Or.  the  viaduct  may  be  erected  by  means  of  false-work, 
or  from  an  existing  structure. 

270.  Long  span  brldses  are  usually  built  upon  a  platform  of  false- 
work or  on  a  row  of  trestle  bents,  well  braced. 

S71«  Erection.  Upon  the  false-works  the  lower  chords  are  first  laid, 
as  nearly  level  as  may  be.  The  upper  chords  are  then  raised  upon  temporary 
supports  which  foot  upon  the  one  that  carries  the  lower  chord.  The  upper 
chords  are  first  placed  a  few  inches  higher  than  their  intended  positions,  in 
order  that  the  web  members  may  readily  be  slipped  into  place.  When  the 
web  members  are  in  place,  the  upper  chords  are  gradually  lowered  until  all 
rests  upon  the  lower  chords.  The  screws  are  then  gradually  tightened,  to 
bring  all  the  surfaces  of  the  joints  into  their  proper  contact;  and  by  this 
operation  (the  upper  chord  members  having  the  necessary  excess  of  length), 
the  camber  is  formed,  and  the  lower  chords  are  lifted  dear  of  the  false- 
works ;  the  truss  now  resting  only  upon  its  permanent  supports. 

272*  False-work  is  ordinarily  constructed  of  hemlock  or  pine,  costing 
about  $20  per  1000  ft.  board  measure.  Allow  about  $15  per  1000  ft.  B.  M.  for 
framing:  etc.  $5  to  $15  per  1000  ft.  B.  M.  may  usually  be  obtained  for  old 
material  ("salvage")- 

The  main  members  are  usually  12  X  12  ins.,  and  the  diagonals  3  X  12. 
Bolts,  1  inch.  Owing  to  the  tempoiar^  nature  of  false^work  and  to  the  sal- 
vage which  may  be  obtained  for  it  if  it  is  not  too  badly  cut  up,  it  is  advisable 
to  use  plenty  of  material  of  good  standard  sises,  especially  m  longitudinal 
bracing,  which  may  be  placed  between  alternate  pairs  of  bents,  forming 
towers. 

273*  In  soft  bottoms,  the  false-work  may  rest  upon  piles,  to  which 
the  uprights  of  the  false-work  mav  be  notched  and  bolted,  or  banded.  Not 
less  tnan  4  piles  per  bent  should  be  used.  As  manv  as  24  have  been  used. 
Piles  should  be  braced  below  water-mark.  Bents  should  be  built  in  stories 
of  from  12  to  30  feet  each.  O)nnections  should  be  made  by  means  of  side 
pieces  or  fish-plates. 

274.  With  rock  bottom,  in  a  strong  current,  it  nuiy  be  expedient  to 
sink  cribs  filled  with  stone,  as  a  foundation  for  the  false-work. 

275«  The  erection  of  cantilevers  and  suspension  bridges  requires 
much  time;  but  their  use  is  often  necessitated  by  the  impossibility  of  erecting 
false-work. 

276«  Renewal  of  bridges  may  be  accomplished  by  displacement;  either 
by  protrusion,  where  the  new  span  is  skidded  longituciinally  along  the  track; 
by  transverse  displacement,  where  both  old  and  new  spans  are  placed  on 
tiacks  running  normal^  to  the  bridge:  by  vertical  displacement,  either  ris- 
ing or  descending:  or  by  pivotal  displacement,  the  old  span  swinging  out 
about  a  pivot,  and  the  new  span  swinging  into  place  about  another  pivot. 

277*  Cautions.  In  erection  and  renewal,  consider  dead  weight  of 
bridg^  effect  of  impact  of  current  of  stream,  impact  of  boats,  ice,  drift,  etc.. 
especially  when  floods  are  to  be  apprehended,  and  strains  of  hoistmg  tackle. 
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For  rigidity,  a  liberal  safety  factor  must  be  tised.  Drift  may  pile  up  and 
form  a  dam.  Trestle  bents,  in  the  water,  increase  the  velocity  and  scour 
of  the  current,  and  may  thus  cause  undermining.  False-work  may  be  pro- 
tected a^inst  drift  by  fender  piles.  Provide  against  eccentricities  of  wind 
stress.  Numerous  accidents  have  shown  the  expediency  of  guarding  the 
unfinished  truss  iteelf  against  high  winds.  All  lateral  and  other  wind 
bracing  should  be  in  place,  and  secured,  before  the  false-works  ere  re- 
moved and  the  trusses  allowed  to  rest  upon  their  final  bearings. 

Avoid  dropping  tools,  etc.  Even  very  small  pieces,  falling  from  a  great 
height,  are  dangerous  to  life  and  even  to  the  bridge.  Hooks  in  tackles  are 
liable  to  break  or  to  pull  out.  Travelers  should  be  well  guyed  and  damped, 
and  carefully  watched. 
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TRUSS  SPECIFICATIONS.  745 

DIGESTS     OF     SPECIFICATIONS     FOR    BRIDGES 
AND  BUILDINGS. 

(1)  Steel  railroad,  highway  and  electric  railroad  bridges. 
OS)  Combination  (wood  and  steel)  railroad  bridges. 
(3)  Steel  roof  trusses,  framework  and  buildings. 

The  following  Digests  of  Specifications  for  Bridges  and  Buildings  are  in- 
tended primarily  to  give  a  general  view  of  the  essential  features  of  current 
practice  in  such  matters,  and  only  secondarily  to  indicate  the  practice  ol 
any  particular  company. 

(1)  DIGEST  OF   SPECIFICATIONS  FOB   STEEL.  RAILROAD 
AND    HIGHWAY  BRIDGES. 

List  of  Specifications  Used. 

Ay      American  Bridge  Company, 

General  Specifications  for  Steel  Railroad  Bridges,  1900. 
Aa»  American  Bridge  Company, 

General  Specifications  for  Steel  Highway  Bridges,  1901.    • 
B«      Baltimore  &  Ohio  Railroad  Company, 

General  Specifications  for  Railroad  and  Highway  Bridges,  Roofs. 

and  Steel  Buildings,  1901. 

C,  Cooper,  Theodore  — , 

General  Specifications  for  Steel  Railroad  Bridges  and  Viaducts. 
1901. 
Cc,    O^ojH^r,  -Ihr-HlorM  — , 

tif-nrral  Sf^orificatinnij  fmr  Steel  Highway  and  Electric  Railway 
I^n  tinwnrij  Viaduct  ft.  1001. 

D,  Dclaw.-iro,  Lai-k:twanna  A  Westprn  R.  R.  Company, 

Specificatifttia  for  Steel  Hjiilroad  Bridges,  October,  1899;  revised 
to  July.  1900. 

E,  Erie  HnilrtTatl  rnmpflny, 

(reneral  STiecihcationa  for  Bridges,  1900. 
G,      General  practice. 
Oo,   Osborn  KrjKjneeritiiK  Company, 

(JiMiiral  Spwificalioii*^  for  iliRhway  Bridge  Superstructures,  1901. 
P,       PeTitis3'  1  va  n  in.  lin  i  I  roa  d  Com  pa  n  y , 

9tan4laird  St»erifiration?^  forStoel  Bridges,  January  1,  1901. 
R,      PbtIn^lolrlhia   &  ReaHioK  Railway  Company, 

StHfihcalinnii  forStPcl  IJrkU*^.-^,  1898;  revised  February,  1901. 
Y,      New  York  Central  ^&  Hii4"*on  River  R.  R.  Leaded  and  Operated  Lines, 

General  Bpecificationa  for  Steel  Bridges,  1900. 

I.  GENERAL.  DESIGN. 

Lilmlting  Spans  for  Different  Types. 

Beams  AND  Girders.       A  Aa  B           C  Cc  D  Y 

ft  ft  ft          ft  ft  ft  ft 
Rolled    beams,    solid 

floor,  etc., up  to  up  to  up  to  up  to  up  to  up  to  up  to 

20  40  20           20  40  20  25 

Plate  girders,   20  to  25  to  20  to  20  to  20  to  20  to  26  to 

100  80  100  120  80  100  100 
Trusses. 

Riveted  trusses,* 100  to  40  A  100  to  75  to  40  &  90  to  100  to 

140  over  120  150  over  160  200 

Pin  trusses, over  over  over  over  over  150  A  200  A 

140  140  120  120  120  over  over 

Riveted  trusses.*  under  100  ft;  pin  trusses,  over  100  ft,  Oo. 
Depth  of  truss,  min.  =  one-eighth  of  span,  Oo. 

•Unfortunately  called  "lattice  girders,"  A|  "lattice  trusses"  and 
-  riveted  lattice  girders."  C|  "riveted  hittioe  trusses."  D,  Y.OglC 
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A,  Aa»  Am  B  Co;  B«  B  A  O;  C»  Cc,  Oocqier;  D»  D  L  A  W;  E,  Eries 

Classiflcstion  of  Highway  and  Electric  Railroad  Bridc«0« 
Aa    Cc 

( Al*  City  bridges  hayins  buekle-plate  floors,  and  paTing  on  oonerato 
A   <  base. 

CA2*  City  bridges  having  plank  flooring. 
B      B*    Suburban  or  interurban  bridges  for  heavy  eleotrio  esn. 
C      C      Town  or  country  bridges  for  light  electric  oars  or  heavy  loada 
D      D      Country  bridges  for  ordinary  highway  traffic. 
El     £1     Bridges  for  heavy  electric  or  motor  cars  only. 
E2    E2  "         "   light 

Camber* 

Top  chord  panels  longer  than  lower  chord  panels  by  one-eigjith  of  an  indl 
in  10  ft  -  1  in  060,  A.  B,  C,  E,  B,  T. 

Highway  bridges,  three-sixteenths  of  an  inch  to  every  10  ft,  Ce* 

About  three-fourths  of  an  inch  in  100  ft  —  1  in  1600,  D. 

Sufficient  to  bring  joints  of  compression  chord  to  a  square  bearing  irfieo 
truns  is  fylly  loaded.  Each  member  built  longer  or  shorter  in  proportioo  to 
the  stress  to  which  it  is  subject  under  a  full  dead  and  a  full  live  load,  ao  that 
under  full  loading  it  will  have  its  normal  length,  Oo* 

Cross  Section  of  Bridge. 

Gase,  usually,  4  f 1 8^  ins.  Distance,  cen  to  can  of  traekm  12  to  13  ft. 

Width  between  trusses  or  gfrders  In  deck  spans.  Pin  spans,  min, 
0.05  span.  Riveted  trusses  (D).  10  ft.  Plate  girders  (G)»  5  to  7  ft.  Spaas 
not  over  60  ft.  7  ft:  60  to  100  ft,  8  ft;  over  100  ft.  about  one-twelfth  ol 
span,  D.     Plate  girders  (T),  over  60  ft,  in  proportion  to  heifl^t. 

Clearance  In  through  spans*  on  tancentSt  G*  ^-Cl — , 

a   3  to  Sf  ft  1  ;    \  a 

b  7    ft  1         \f 

c    5  to  5J  f t  • 

d    4  to  6    ft 

e  10  to  14  ft 

f     1  to    5  ft 

h  20  to  22  ft 
Mlnlmnm  Clearance  on  Curves. 
Same  min  clearance  as  on  tangents,  A  |  Ditto  for  ear  74  ft  long,  48  ft  cea 
to  cen  of  trucks,  10  ft  wide.  B|  Ditto  for  ear  75  ft  long,  54  ft  cen  to  cen  of 
trucks.  Additional  clearance  —  0.8  d  ins  on  each  side;  —  1.6  d  ins  between 
tracks ;  where  d  —  degree  of  curvature  ■•  central  angle  subtended  by  a  chord 
of  100  ft,  C;  increase  lateral  clearance  at  top  of  car  2.5  ins  for  each  inch  of 
superelevation  of  outer  rail,  C.  Cen  line  of  bridge  bisects  middle  ordinate 
and  is  parallel  to  chord,  T. 

Highway  Bridges.  Headway,  14  ft,  Oo.  For  dasses  A,  B,  C.  and 
E,  min  —  15  ft,  Aa,  Cc|  for  a  width  of  6  ft  over  each  track.  Aa.  For 
Class  D,  12.6  ft.  Aa,  Cc.  Horisontal  clearance.  Min  14  ins  greater 
than  width  of  roadway  between  wheel  guards,  Aa.  For  electric  cars,  6.5  ft  : 
from  cen  of  track.  Aa ;  7  ft.  Cc.  On  curves,  provide  for  a  car  of  45  ft  extreme 
length.  8  ft  wide.  20  ft  between  truck  centers,  Aa.  Width  between  centers  I 
of  trusses,  min  —  0.05  span,  G. 

Tension  Members.  I 

In  general,  hip  verticals  and  one  or  two  panels  of  lower  chord  at  each  end     i 
of  span  are  required  to  be  of  rigid  section,  so  as  to  resist  both  tension  and 
compression.  I 

Angles,  used  as  tension  members,  must  be  fastened  by  both  legs,  Cf  D;     | 
or  the  section  of  one  leg  only  will  be  considered  effective,  C. 

Adjustment. 

Avoid  adjustable  members,  A,  A  a,  D  (P  ezeept  in  counters).    Avoid 

*  Cc,  Classes  A  and  B  shall  be  designed  to  carry,  at  any  future  time,  s 
double  track  electric  railway. 


!        T 
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OtSeDl:  OOtOsb'n;  P,  P»;  B,  R'd'c;  T*  N  YC:  Am,  Ce,  Oo,  H'way. 

ftdjiMtable  eounien,  G»  Covnter  rod*  and  ties  in  pin  spans  adjustable,  T| 
aerew  ends  upset,  €«  E,  T*  serew  threads  U.  S.  Standard,  €•  Cc«  D»  £  |  diam- 
eter, at  base  of  thread  sreater  than  in  body  of  bar  by  one-sixteenth  of  an  inch, 
I>S  about  10  per  cent,  Tt  17  per  oent,  Oo. 

Rods  with  welded  heads  must  be  of  wrought  iron,  Oo*     Loops  must  de- 
velop full  strength  of  bar,  Oo. 


CompreMlon  Bf embers. 

^ ^J€r  chords  hare  2  webs,  a  i 

batten  or  tie  plate,  and  laeing  on  bottom  flange,  Q 


CSiid  posts  and  upper  chords  hare  2  webs,  a  oover  plate  on  top  flange, 

itten  or  tie  plate,  and  laeing  on  bottom  flange,  Q 

Not  more  than  one  plate,  and  that  not  thicker  than  one-half  of  an  inch 


Gn  highway  bridges  tnrefr-eMdbths  of  an  inch),  shall  in  general  be  used  as  a 
cower  plate,  €^  Ce.  Cover  plate  must  not  extend  more  than  4  ins  beyond 
outer  row  of  nvets,  D. 

Joints  between  sections  spliced  on  all  sides  with  at  least  2  rows  of 
eloaely  pitched  rivets  on  each  side  of  Joint,  C.  Abutting  surfaces  faced  A 
(D.  F»  except  in  top  flanges  of  girders) ,  E,  R,  T.  No  relianoe  on  abutting 
snifaeee,  E. 


lattice  Bars. 

Width,  from  1.5  to  2.5  ins.  Thickness,  in  sin^e  lattice,  one-fortieth, 
distance  between  rivets,  in  double  lattice,  one-sixtieth,  G.  If  over  seven- 
sixteenths  of  an  inch,  use  angles.  Oo.  Angle  with  axis  of  member;  in  single 
lattioe  eor,  double  45*,  O. 

Fitch,  width  of  channel  +  9  ins,  C,  Cc  t  8  X  least  width  of  segment,  P,  R« 

Double  lattice  bars  riveted  together  at  their  intersections,  C»  D. 

Batten  Plates.  (Tie  Plates,  Stay  Plates.)  Min  length  generally  —  from 
0.75  to  1.5  X  its  own  width.  Min  width,  9  ins,  or  0.66  X  own  length,  or  •■ 
k»8t  width  of  member,  Oo.  Min  thickness  -«  three-eii^ths  of  an  inch  or  one- 
fiftieth  to  one-sixtieth  of  distance  between  centers  of  nvets,  Q.  Rivet  spao- 
ing  (I»  max  4  ins  cens. 

Pin  Joints. 

Ejre  Ban.  Thickness,  min,  0.625  inch,  or  0.2  X  width  of  bar,  Oo. 
Heads  upset,  rolled  or  forged,  A«  B.  No  welds  allowed  A»  D«  except  (B)  to 
form  loops  of  laterals,  counters  or  sway  rods,  B.  Upset  and  die-forged,  T. 
Beads  not  more  than  one-sixteenth  of  an  inch  thicker  than  body,  D.  P. 
Bars  annealed,  G  |  before  boring,  D.  No  forge  work  after  boring.  B.  Bars 
to  be  placed  side  by  side  must  be  bored  at  the  same  temperature.  A,  Aa,  T. 
Pina  must  nass  through  without  driving.  Eye  bars  working  together  must 
be  damped  together,  and  bored  at  one  operation,  Oo. 

Distance  between  pin4ioles  max  variation,  one  sixty-fourth  to  one  thirty- 
seoond  of  an  inch ;  or  one  sixty^ourth  of  an  inch  in  from  20  to  25  ft,  G. 

Built  Tension  Members.  Net  section  through  pin  hole  —  1.25  to  1.50 
X  net  section  throu^  body  of  member.  Net  section  back  of  pin  hole  — 
0.76  X  net  section  through  pin  hole,  or  —  0.80  to  1.00  X  net  section  through 
body  of  member,  G  f  proportion  for  double  shear  on  section  from  back  of  pm 
to  end  of  platc^  Oo  ;  length  of  plate  baek  of  pin.  min,  2.5  ins,  Oo.  Distance, 
baek  of  eye  to  back  of  member,  greater  than  radius  of  pin,  T. 

Pin  Holes.  Clearanoe  between  pin  and  hole,  from  one-fiftieth  to  one 
thir^-eecond  of  an  inch,  G. 

Pin  Plates  or  Belnf orclng  Plates.  At  least  one  plate  on  each  side 
must  extend  not  less  than  6  ins  beyond  edge  of  batten  plate,  G. 

Pins.     Upto7insdiam,  rolled,  P]  over  7  ins,  forged,  C. 

Diameter,  min,  from  0.66  X  to  0.85  X  largest  dimension  of  any  of  its  eye 
bars,  G. 

Plate  Girders. 

Min  depth  t  about  one-ninth  to  one-twelfth  of  span,  G. 

proportions  of  Web  and  Flange.  Bending  moments  resisted  entirely 
by  the  flanges,  shear  resisted  entirely  by  the  web  plate,  C,  Cc,  B;  except 
when  the  web  is  made  in  one  length  or  is  fully  spliced  to  resist  the  bending 
sIfcwiCTi.  in  which  case  one-eixth  of  area  of  cross  section  of  web  plate  may  be 
oonndered  effeotive  as  flange  area,  Oo.  .  , 
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A,  Aa,  Am  B  Ck>;  B,  B  &  O;  C,  Cc,  Cooper;  D,  D  L  AW;  B»  Erie 

On«-eighth  of  gross  area  of  web  included  in  flange,  A,  Aa,  B|  if  length  •■ 
90  ft  or  over,  Et  if  length  is  less  than  50  ft^  only  the  cover  plate  and  the 
horisontal  lees  or  the  flange  angles  are  to  be  included  in  the  flange  area,  E; 
no  part  of  web  included  in  flange,  C,  Ce»  D»  P,  B,  Y. 

Web.  Thickness,  min,  three-eighths  of  an  inch,  G;  in  highway  bridges 
(Cc»  Oo),  five-sixteenths  of  an  inch. 

Total  shear,  acting  on  side  next  to  abutment,  to  be  taken  as  tranafened 
into  flange  angles  within  distance  •■  depth  of  girder,  A»  Aa^  B,  E,  O09  P. 

Web  Splices.  A  plate  on  each  side  of  web.  Gt  at  least  ihree-ai||^tht 
inch  thick,  A»  B;  at  least  five-sixteenths  inch,  or  three-fourths  as  thick  al 
web,  and  wide  enough  for  2  rows  of  rivets  on  each  side  of  splice,  Oo« 

Stiffen ers.  Generally  required  at  ends  and  at  points  of  ooneentiated 
load.  Intermediate  stiflreners  required  usually  when  unsupported  distaoee 
between  flange  angles  exceeds  50  to  60  X  web  thickness;  when  shear  ex- 
ceeds 10.000  —  75  X  -^-.^^  ,  Ct  in  highway  bridges  when  shear  exceeds 
thickness 

12,500  -  00  X  -^Pi^  .  Cci  when  shear  exceeds  ^'^^  ^J^  S  where  t  - 

thickness  -    ,        d* 

*  "*■  3,000  t« 
web  thickness,  d  =  distance  between  flanses,  Oo. 
Spacing  usually  —  depth,  or  —  5  or  6  ft. 

Unit  stress,  max,  10,000  —  46  — ,  C;  in  highway  bridgOB,  12,000  — 66  -, 

where  I  —  length  of  stiffener,  r  —  its  least  radius  of  gyration,  Cc« 
Dimensions  of  angles  usually  3i  X  3  X  A  to  5  X  3T  X  1. 
Flanges. 
Unbraced  length  of  flange  (compression  flange.  €»  P)  max  •■  12  X  ^Hdth. 

B,  P,  B,  Y I  16  X  width,  A»  C.  Cct  20  X  width,  D;  in  highway  bridgea 
-   20  X  width,  Aa»  -  25  X  width,  Oo. 

Comp.  flange  has  same  gross  area  as  tension  flange,  A,Aat  B»C«Cc»Oo.  P. 
Cover  plates  must  not  extend  more  than  5  ins.  or  8  X  thickness  <tf  first 

Elate,  beyond  outer  line  of  rivet«.  A,  Aa,  C.  Ce.  If  of  unequal  thickneas,  the 
eaviest  plates  are  next  the  angles,  and  the  lightest  outside,  A«  An.  B«  C, 
Cc,  Y.  One  must  extend  full  length  of  girder,  B,  E.  Others  must  oe  kmg 
enough  to  take  2  extra  rows  of  rivets  at  each  end,  C*  P. 

Braelnfr,  RlTetinif,  Bearinya.  See  Bracing,  Riveted  Joints,  and 
Bearings,  below. 

Beam  Girden. 

Beams  in  groups  of  2, 3  or  4  for  each  rail,  10-inch  channel  separators,  about 
8  ft  apart,  riveted  to  webs,  B. 

Bracing. 

Composed  of  rigid  members,  riveted,  A.  Aa,  C,  COt  Tf  members  inte^ 
sect  each  other,  and  other  members  to  which  they  are  connected,  on  oommon 
center  lines,  passing  through  all  centers  of  gravity.  Attachments  riveted 
symmetrically  in  alldirections,  Y. 

For  Beam  Girders.    Ten-inch  channel  strut  at  each  end;  with  2  or  3 
beams,  angle  bracing  between  girders;  with  4  beams,  angle  struts  about  6  ft 
apart.    Connections  to  have  at  least  3  rivets,  B. 
LAteral. 

B,  in  through  spans.  Top  bracing;  portal  stmts  at  ends;  intermediate 
struts  as  deep  as  the  chords:  single  angles,  3^  X  3i  X  f,  intersecting  In  each 
panel,  for  single  track ;  double  angles,  latticed,  for  double  track. 

B,  in  throt^h  spans,  bottom  bracing;  end  bottom  strut  and  intennedmte 
angles,  riveted  to  each  other  and  to  stringers  at  each  intersection.  Not  less 
than  4  rivets  at  each  intersection  and  at  each  end  connection. 

B»  in  deck  bridges,  complete  upper  and  lower  systems  at  each  paneL 

Oo»  bottom  end  struts  in  all  spans,  whether  deck  or  through. 

Y,  top  and  bottom  lateral  bracing  in  all  deck  bridges  and  in  all  thitNigh 
bridges  having  sufllcient  head  room.    Lower  lateral  bracing  In  all  thioagh 
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G,  seni;  Oo,  Osb'n;  P,  Pa;  B,  R'd'c:  T,  N  Y  C;  Aa,  Ce«  Oo,  H'way. 

bridcM,    Upoer  system  in  all  stringers  framed  between  and  riveted  to  floor 
beams  where  length  of  stringers  exceeds  15  times  width  of  stringer  flange. 

Ty  in  deck  bridges  without  metal  floor  system,  upper  bracing  of  cross-struts 
at  each  pan^  point,  composed  of  4  angles  latticed,  with  same  depth  as  upper 
cliord:  stiff  diagonals  intersecting  in  each  panel  and  riveted  to  each  other 
at  each  intersection. 

For  Plate  Girders. 

Deck.  Between  upper  flanges,  angles  with  at  least  4  rivets  at  connections. 
Through;  lower  lateral  bracing  of  angles,  intersecting  in  each  panel,  riveted 
to  each  other  and  to  stringers  at  each  intersection,  B. 

Lateral  bracing  angles  generally  of  same  size  as  those  in  stiffeners,  R. 

Cc»  in  highway  bridges,  a  buckle  plate  floor  may  be  considered  as  the  re- 
quired system  of  lateralbracing  at  the  floor  level. 

Sway  (diagonal,  cross,  vibration  or  wind)  and  Portal. 

Proportioned  to  resist  unequal  loading  of  trusses  in  double  track  spans,  E» 
R$  end  sway  bracing  to  transmit  all  horisontal  forces  to  abutment,  E;  to 
earry  half  the  max  stress  increment  due  to  wind  db  oentrif .  force.  A,  Aa,  B,  P« 

In  deck  spans,  at  each  panel  point,  A.  Aa,  D,  E,  F,  B»  T. 

Overhead  bracing  in  through  spans  whose  depth  exceeds  25  ft,  C*  D*  P, 
T|  in  highway  bridges,  20  ft.  Ce  t  26  ft,  Oo. 

in  pony  trusses  and  through  plate  girders,  at  ends  and  at  each  floor  beam 
or  cross  strut,  A»  Aa.  B}  at  every  panel  point,  D. 

la  through  and  hatf  through  plate  girders,  at  each  floor  beam  and  at  each 
end,  or,  if  there  is  a  solid  floor,  not  over  8  ft  apart.  Y. 

In  deck  plate  girders,  rigid  cross  frames  at  ends  and  max  20  ft  apart,  T;  ' 
away  frames  of  at  least  4  angles  at  ends  and  at  points  12  to  14  ft  apart,  B| 
through,  not  more  than  12  X  flange  width  along  top  flange,  B. 

Blveted  Joints. 

Blvet  Holes.     In  I  beams,  must  be  drilled,  B. 

May  be  punched;  in  steel  not  over  i  to  4  inch  thick,  O. 

Bub-punched  one-eighth  of  an  inch  smaller,  and  reamed  to  one-dxteenta 
of  an  inch  larger,  than  rivet,  in  steel  over  five-eighths  to  three-fourthb  of  an 
inch  thick ;  in  connections  for  floor  beams  and  stringers  to  main  trusses  or 
girders.  E. 

No  drifting  allowed.  A,  B»  C,  D,  E»  R. 

No  interchange  of  pieces  after  reaming,  D,  P. 

Hole  larger  than  rivet  by  onendxteenth  of  an  inch,  6. 

Die  larger  than  punch  by  max  one-sixteenth  of  an  inch,  6, 

Distance  from  edge  of  plate  to  center  of  rivet.  Min,  1.25  to  1.5  ins,  or  1.5 
to  2  diams  of  rivet.     Max,  4  to  5  ins,  or  8  X  thickness  of  plate,  O. 

Pitch      Min  —  3  X  diam  of  rivet,  general;  preferably  4  X  diam,  Oo. 

lAax  pitch  in  Kne  of  stress,  5  to  6  ins,  or  16  X  thickness  of  thinnest  outside 
plate  connected;  normal  to  stress.  30  to  50  X  thickness  of  thinnest  outside 
plate  connected.  At  ends  of  compression  members  (or  of  built  members  in 
tension.  B) ;  for  a  length  of  1.5  to  2  X  width  or  depth  of  member,  3.5  to  4  X 
diam  of  rivet,  Q. 

In  plate  girders,  for  rivets  eonnecting  web  to  a  top  flange  supporting  the 
track,  max  —  3  ins,  R. 

Rivets.  Diam  generally  three-fourths  or  seven-eighths  inch.  Heads 
hemispherical,  G.    Height  of  bead,  min  —  0.6  diam,  R. 

Drlvfnir.  Avoid  hand  riveting.  Machines,  direct-acting,  worked  by 
steam,  hydraulic  pressure  or  compressed  air,  capable  of  maintaining  applied 
pressure  after  upsetting.  G. 

Floor. 

Floor  Beams.  Depth,  min,  —  I*  X  length,  T.  In  railroad  bridges  and 
important  highway  bridges,  riveted  to  posts  of  trusses  or  to  webs  of  plate 
girders.  G.  Given  also  a  bearing  on  lower  flange  of  girder  or  on  a  bracket, 
G.     In  default  of  su/sh  bearing,  increase  number  of  rivets  by  25  per  cent,  R« 

Hangers,  when  permitted,  not  adjustable,  C,  Cc.  Hangers  made  of  plates 
or  shapes.  Oo.  .gitbed  by  L3 . 

Strlnffen.    Depth,  min,  -  i  X  length,  T.    In  highwaybridges,  Classei 
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At  Aftt  Am  B  Co;  B«  B  ft  O;  C»  Ce,  Cooper;  D»  D  L  ft  W;  K»  Erie; 

Al  and  A2,  of  steel;  Clasees  B,  C,  and  £,  track  atrinsen  of  sted;  ChuH  D»  cf 
wood  or  steeL  Cc.  In  railroad  bridgee,  and  pri^eru»hr  in  hii^way  hihltia, 
riveted  to  webs  of  floor  beams  and  supported  by  their  flanges  or  by  brBcketa, 
Bv  B.  Value  of  this  bearing  neglected  in  determining  number  of  rireu 
required,  B. 

Spacing,  oen  to  oen.  6  ft.  6  ins,  A,  B,  C,  D,  T;  5  ft,  E;  double  track. 
through,  generally  6  ft,  Bt  single  track.  8  ft.  B. 

Trouffh  Floors.  Troughs  rectangular,  built  of  plates  and  angles,  aiMl 
riveted  to  main  girders  or  trusses  by  angles,  and,  when  practicable,  by  bracked 
angles  under  the  lower  horisontal  plates.  Qusset  plates  riveted  to  girden 
and  troughs  at  distances  of  not  over  8  ft,  T* 

Bottom  filled  with  a  binder  composed  of  1  cu  ft  of  deui,  sharp  gravel, 
screened  to  one-fourth  of  an  inch,  to  li  gallons  of  No.  4  asphalt  paving  eom- 
position  or  enough  to  fill  voids.  Gravel  first  heated  to  900*  F  and  the  whola 
mixed  at  that  temperattwe,  T. 

Wooden  Floor.    Continued  over  abutments,  A»  B»  €»  B. 

Ties  or  Floor  Beams.    Long  leaf  yellow  pine  or  white  oak,  G • 

Width,  8  ins,  A»  B|  9  ins.  B. 

Depth,  8  ins,  for  7  ft  span  of  tie,  to  14  ins  for  12  ft,  B  f  12  ins,  B  |  10  ins,  T. 

Notched  down  one-half  of  an  inch;  max  H  ins,  B. 

Spacing.  Usually  6  ins  clear;  16  ins  cen  to  een,  B.  Every  3d.  4th,  or 
6th  tie  fastened  to  stringer  by  i  inch  bolt  or  lag  screw,  G. 

Wooden  Jolaiu  In  Highway  Bridges.  Width,  min  S  ins  or  0.25  X 
depth ;  spacing,  max,  2  to  2.5  ft.  Ends  of  joists  lap  past  each  other  at  bear- 
ings on  floor  beams,  with  0.5  inch  space  between  them  for  cireolation  of  air. 

Wooden  Floor  Beams  for  Electric  Ballroad  Bridges,  Glasses  £1 
and  E2.  Min  9X6  ins,  spacing  max  6  ins,  notched  down  one-half  of  an  inch 
and  secured  to  girders  by  three-fourths-inoh  bolts  not  more  than  6  ft  apart. 
From  center  of  span  toipntrd  end,  so  notched  (Cc)  as  to  reduce  camber. 

Guard  Balls.  6X8  ins,  yellow  or  white  pinejG.  Inner  face  not  less  than 
3  ft  3  ins  from  center  of  track.  At  3  ft  7^  ms.  B|  5  ft  4  ins,  Tf  7  ft  li  ins 
apart,  clear,  B«  Notched  i  to  li  ins  over  ties,  G.  Fastened  to  every 
3d  or  4th  tie  (to  each  tie,  B)  and  at  splices  bv  three-fourth-inch  bolt  or  kg 
screw,  G.    Splices  over  floor  timbers,  with  hau-and-half  joints  of  •  ins  lap,  O* 

Wheel  Guards  and  Curbs  In  Highway  Bridges.  Wheel  guards 
6X4  ins,  blocked  up  from  floor  plank  by  blocks  2X6  ins.  12  ins  long,  not 
more  than  5  ft  apart,  bolted  to  stringers  through  blocking  pieces,  tbrfc- 
fourths-inch  bolts,  G*  In  electric  railroad  bridges  (Cc.  Class  E)  guard 
timbers  min  6X7  ins.  notched  1  inch  over  floor  tiniber  and  secured  by  three- 
fourths-inch  bolt  to  every  third  floor  timber  and  at  each  splice. 

Buckle  Plates.  Min  five-sixteenths  of  an  inch  thick  for  roadway,  one- 
fourth  of  an  inch  for  footwalk.  crown  2  ins.  for  widths  of  4  ft  under  roadway, 
6  ft  under  footwalks.  Preferably  in  continuous  sheets  of  panel  lengths. 
May  be  pressed  or  formed  without  heating. 

Bearings  on  Abutments  and  Piers. 

Permissible  load  on  masonry  foundations,  max.  pounds  per  aq  inch. 
400.  A,  Aa,  Pt  300.  B;  250,  C,  Cc,  D,  E,  Bt  dead  load,  £00;  liv«  hiad. 
250,  Y. 

Bed  Plates.  Of  medium  steel.  C,  Cc.  Min  thickness,  three^ourths  to 
1  inch ;  in  hi^way  bridges.  on»4ialf  of  an  inch.  Max  fiber  stress  12,000  Ibc 
per  sq  inch,  £•  .    ,  ^      ^. 

Where  ends  of  two  spans  rest  on  one  pier,  spans  are  tied  together,  or  have 
bed  plate,  three-eighths  to  three-fourths  of  an  inch  thick,  cootmuous  under 
both.  G. 

Sheet  lead,  one-eighth  to  one-fourth  of  an  inch  thick,  between  bed  plate 
and  masonry,  G. 

Anchor  bolts,  1  to  1.25  ins  diam,  9  to  12  ins  in  masonryf  G;  fastened  with 
sulphur,  B|  with  cement,  C,  Ce,  T. 

Pedestals.  Of  riveted  plates  and  angles,  C;  or  cast  steel.  T.  Bafc 
plate  and  connecting  angles,  min  three-fourths  to  seven-ei^ths  of  an  inch 
thick,  B,  C,  T.     2  rows  of  rivets  in  vertical  legs,  C,  T. 
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G.  ffonl:  Oo«  Oab^;  P,  Pk;  B,  R'd*g;  T,  N  Y  C;  Aa,  Ce«  Oo,  HNniy. 

BxMkiitioii  BeaiingB.  FmndB  for  temperature  ranee  of  150'^  F»  A,  C9 
E»  F»  Kf  for  ezpanaion  of  1  ineh  is  100 ft,  D.  T. 

One  end  alidiiu^  uBoally  in  spans  less  than  60  to  90  ft,  G. 

One  end  on  fnetkm  rollen.  usually  in  longer  spans,  Qf  in  all  truflsea^  Tc 

Hinged  bolster  at  each  end,  in  spans  from  80  to  100  ft,  G. 

BoUflrs  rest  on  bars  3X1  ineh,  spaeed  2  ins  and  riveted  to  bed  plate,  B* 
Free  eiidB  anebored  against  lifting  and  against  moving  sideways,  €•  Y. 

Rollers.  Ot  machinery  steel,  C,  Cc.  Hin  diam,  3  to  4  ins.  A,  B,  D,  E,  P« 
Bt  3  in*  iV>  ^  ^^  ^  apMi,  1  inch  for  each  additional  100  ft,  C»  Y.  Max 
preesure  on  rolkws,  in  lbs  per  linear  inch,  700  Vd.  B|  1200  /d,  A.  B,  P| 
300  d,  C9  D»  £;  600  d,  Oo|  d  —  roller  diam,  ins.    Length,  ins,  —  900  yd,  Y. 

n.  MATBBIAL. 
Boiled  and  Cast  Steel  and  Iron. 

BoBed  ateel  in  superatruetures  in  general. 

Cast  steel  in  bed  plates  in  special  eases,  in  machinery  of  movable  bridges. 

BoUod  Iron  in  kwp-welded  rods,  Pj  in  lateials  and  unimportant  mem- 
bers. Mm 

Cast  Iron  in  bed  plates  in  special  cases  and  In  machinery  of  movable 
bnd^sa. 

Boiled  Steel»  Grades. 

Soft*     In  csneral,  in  all  principal  parts. 

Medium*  In  pins,  friction  rollers,  lateral  bolts,  bearing  plates^  eye-bars, 
■iidins  plates  and  bed  plates;  permissibly  (O  in  compression  m  chords, 
poets,  and  pedestals. 

BlTe(«    In  rivets. 

Machinery^    In  expansion  rollers,  C« 

Boiled  Steel.    Manufacture. 

(See  also  Digest  of  Specifications  of  Intemat'l  Ass'n  for  Testing  Materials.) 

All  to  be  made  by  open«hearth  process. 

Slabs  for  rolling  plates  are  hammered  or  rolled  from  ingots  of  at  least  twice 
their  eroes-section,  A«  B. 

Plates  up  to  36  ins  wide  rolled  in  universal  mill,  D,  B}  or  have  edges 
planed,  I>. 

Boiled  Steel.    Manipulation. 

Annealing.  Eye-bars  heated  to  uniform  dark  red  and  allowed  to  cool 
slowly,  Pf  membiers  worked  at  blue  heat  are  heated  to  a  uniform  bright  red 
(not  exposed  to  direct  flame)  and  allowed  to  cool  slowly,  B. 

Steel  must  not  be  welded,  B.     No  reliance  upon  welded  steel,  C. 

No  work  put  upon  steel  at  or  near  blue  heat,  or  between  boiling-point  and 
point  of  igmtioB  of  hardwood  sawdust.  C. 

BoUed  Steel.    Shop  Work. 

Sheared  edges  of  steel  thicker  than  five-eighths  inch  shall  be  planed,  B. 

All  sheared  edges  (in  medium  steel,  D)  snail  be  planed  off  to  a  depth  of 
0.25  ineh,  D«  Y|  except  web  plates  of  girders  over  36  ins  deep  when  covered 
by  flange  plates,  and  fillers  where  sheared  edges  are  not  seen,  D.  Grinding 
not  aooepted  as  equivalent  of  planing,  except  for  lattice  bars,  Y. 

No  sharp  or  unfilleted  re-entrant  comers  permitted,  D.  Y.  Where  a 
plate,  an^e  or  shape  has  been  cut  into,  the  fillet,  as  well  as  tne  out,  must  be 
finished  with  sharp  cutting  tool,  or  witn  chisel  and  file,  so  that  no  sign  of  the 
punched  or  sheared  edge  remains,  D. 

Angles  or  bent  plates,  used  as  end  connections  on  girders,  floor  beams  or 
stringers,  must  be  accurately  fitted,  so  that  when  the  member  is  milled  to 
length  not  more  than  one-sixteenth  of  an  inch  will  be  taken  off  these  connec- 
tions at  their  roots,  D.  ^ 

Material  bent  by  punching  must  be  straightened  before  boltmgup,  B. 
Web  pUtes,  if  buckled,  must  be  cold-rolled  to  remove  the  buckles,  D. 

Spueed  chord  sections  must  be  assembled  and  strung  out  in  shop  m  lengths 
of  not  leoB  than  three  sections,  and,  after  behig  drawn  up  uto  contact  at 
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jointa  and  lined  up  with  splioe  plates  in  place,  the  field  rivet  holes  ahaD  be 
reamed  to  a  tit  before  taking  apart,  and  the  aaaembled  parts,  with  their  vplsce 
plates,  match-marked,  D* 

Riveted  members  must  have  all  parts  pinned  up  and  drawn  together  beCote 
riveting  up,  D. 

In  cases  of  skew  work,  or  of  complicated  connections,  or  of  a  larse  nwnber 
of  pieces  of  one  and  the  same  kind,  the  work  shall  be  set  up  and  fitted  to- 
getner  in  the  shop,  sufficiently  to  insure  against  any  misfit,  D. 

Abutting  surfaces  at  ends  of  sections  of  compression  members,  and  eods 
of  members  to  be  framed  together,  are  usually  required  to  be  faced. 

Boiled  SteeL    Reqairements. 

See  also  Digest  of  Specifications  of  International  Association  for  Testing 

Materials.  * 

TENBIIjB  tbbtb. 

Specimens  of  Medium,  Soft  and  Rivet  Steel.    For  testa  of  full  rise  eye-bars 

see  below. 

Ultimate  Strength,  u,  and  Elastic  Limit,  el,  in  thousands  of  Ibe  per  sq 

inch.     Elongation,  s  (stretch),  and  reduction  of  area,  a,  in  peroental«es  ol 


Medium  or 
"Pin"  Steel. 

8oft< 

[>r  "Bridge" 
Steel. 

Rivet  Steel. 

u 

el       i' 

a' 

u 

0.6    u 

8 

a 

u 

..  I.I. 

A.Aa    .. 

60-70 

0.5  u    22 

55-62 

25 

48r^   0.5v|2«  .. 

B.... 

] ,  ,1 

'f^-63 

30 

25 

, , 

|51-56 

27      26  .. 

C,  Cc  ... 

(HIHW 

0.5  u    22 

,54-62 

0.5    u 

25 

, , 

50-58    0.5  u  !26  . . 

B  .... 

61.*- 70 

0.5  n   22 

■  ■  1 

[54-62 

0.5    u 

26 

48-56   0.5  a  28  .. 

E    ... 

..     I.J 

0.58  u 

27 

45, 

Oo   .. 

a(»-70 

3S      22.. 1 

52-62 

32 

25 

•• 

50HBO      80     ^26.. 

P.... 

62-70 

33       17  40 

51-62| 

28 

25 

50  48-56      28     ,28  56 

B    ... 

60  ftH   0.5  u    2ii  ,.| 

0-^"}25 

..148-56      28      28.. 

Y.... 

62-70    Oti  u    '2-,  4ri 

0.6    u     '26  50 '48-56      ..      28  55 

1     1     ll           1             1     . 

Specimens  from  metal  over  five-eighths  of  an  inch  thick,  el  ■«  0.56  a,  T« 
*'  "    eye-bars,  same  requirements  as  for  medium  steel,  !>• 

"  "  "        u  -  63,  B. 

**  *'  "        over  1.5  ins  thick,  deduct  from  el  1  for  each  one- 

eighth  of  an  inch ;  el.  min  —  20,  C« 
••  f  ••        and  pins  u  -  62-70,  I  -  0.6  u,  a  -  25,  a  - 

45,  Y. 
••  ••     pins,  8  -  15,  C,  Cc. 

"  '*        **    (medium,  soft  or  rivet)  s,  5  per  cent  less.  A* 

••  ••        "    (soft)  s  -  20,  B. 

••  •«        ••    and  rollers,  s  -  10.  D. 

••  ••    rollers  and  bearing  plates,  u  —  70-78,  s  —  22,  Y. 

BENDINQ  TK8TB. 

In  medium  steel,  specimen  to  bend  through  an  angle  of  180*  around  a  bar 
(A  diam  —  1  to  li  X  thickness  of  specimen,  without  showing  fracture  on 
*  atside  of  bend ;  in  soft  and  rivet  stem,  to  bend  flat  upon  itself. 

NICKING  TB8T. 

When  nicked  and  bent  around  a  bar  of  diam  —  thickness  of  rod,  rivet 
teel  shall  show  a  gradual  break  and  a  fine,  silky,  homogeneous  fracture,  D. 


Genter  of  hole  as  in  ordinary  pracUoe,  or  1.5  to  1.87  ins  or  2  diams  tna 
4ge  of  plate;  enlarge  to  1.25  to  1.50  diam,  G. 

Digitized  by  CjOOQIC 


TBUB8  8PECIFICATIONB.  753 
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▲NOUI  TBBT. 

AucIm  of  all  thicknesses  must  open  flat.  Angles  not  over  one-half  of  an 
inch  thick  must  bend  shut,  cold,  under  hammer  dIows  without  sign  of  frac- 
ture, B« 

TEST   PXECXS. 

Minimum  section,  usually  one-half  sq  inch.  Length,  min,  8  to  12  ins. 
Tests  are  usually  required  for  each  melt  or  blow. 

TESTS  OF  TXJVL  SICB    BTn-BARa. 

Ultimate  lbs  per  EUstio  limit  lbs  per 

8Q  ipch                              sq  inch               Elongation  per  cent 
min                                     min  min 

A    A.             f  6,000  less  than )  i^u*  t_ 

A,  Aa....    I  gniall  specimen/ 10  between  necks 

» «.ooo..... ojsuit {}§Sli;^SS&| 

C,  Ce 56.000 10 betweenneoks 

I>    68,000 30,000 12inl0ft 

B    16 

Oo   66.000 12.6  in  16  ft 

P 4a000 27,000 min  10  ft 

f  68.000  M                       nj5„u  f  13  between  necks 

R   466.000t; "■^'^* i  10  between  necks 

(48.000 1 27,000 16  between  necks 

T    68.000 33,000 10  in  20  ft 

In  general  not  over  4  per  cent  of  total  number  of  bars  in  bridge  will  be 
tested,  Bt  at  least  4  per  cent,  and  not  lees  than  3  bars,  B. 

75  per  cent  of  fracture  must  be  silky,  the  remainder  fine  granular,  B« 
Break  in  head  shall  not  be  cause  for  rejection — 

(a)  if  bar  develops  10  per  cent  elongation  (12.6  per  cent  in  15  ft,  Oo)  and 
the  reouired  ultimate  strength  (ultimate  56,000,  C,  55,000,  Oo)  and  if  not 
more  than  one-third  of  all  the  be^  tested  break  in  the  head,  A»  C,  Oo> 

(b)  if  bar  stretches  14  per  cent  and  if  a  second  bar  breaks  in  body  and  the 
average  stretch  of  the  two  bars  is  not  lees  than  16  per  cent,  P. 

Company  pays  for  bars  which  meet  requirements,  less  scrap  value,  G« 

TESTS   OF  COMPLETED   STRUCTURE. 

Specified  loads,  or  their  eouivalent,  passed  over  structure  (in  railroad 
bridges  at  a  speed  of  not  over  60  miles  per  hour,  and  brought  to  a  stop  at  any 
point  by  means  of  air  or  other  brakes)  or  maximum  load  rested  upon  struo* 
ture  for  12  hours.  After  test,  structure  must  return  to  its  original  position 
and  must  show  no  permanent  change  in  any  part,  C* 

COMPOSITION. 

Phosphonis,  max  percentage. 

In  acid  steel,  0.06  to  0.08;  in  basic  steel,  0.04  to  0.06;  in  castings  0.08. 

Sulphur,  max  percentage,  0.04  to  0.06. 

MAXIMUM   PERMISSIBLE  VARIATION   FROM    SPECIFIED  CROBfr-SECTION 
OR   WEIGHT. 

2.5  per  cent,  6,  except  in  extra  wide  plates,  D.  Oo»  P. 

In  plates  over  40  ins  wide.  In  proportion  to  width,  up  to  6  per  cent  in  plates 
00  ins  or  wider,  D. 

1.6  per  cent ;  where  plates  36  ins  and  wider  form  40  per  cent  of  total,  2  per 
eent  in  excess,  T. 

Long  plates,  i  inch  out  of  line  in  20  ft,  f  inch  in  40  ft,  R. 
Shapes  or  plates,  3  per  cent  short  in  thickness;  plates  80  ins  wide,  6  per 
cent,iU 

*  t  Medium  steel.  *  Bars  not  over  10  sq  ins.  t20sq{n8.  Proportional 
values  for  intermediate  areas,  t  Soft  steel,  i  In  bars  not  longer  than  20 
ft  between  necks.    |  In  ban  longer  than  20  ft  between  necks,    t  Max.  16. 
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Steel  CastinsB. 
Bfanafacture.    Open  hearth,  A«  Aa,  D,  P,  T|  acid,  T|  aniwrnled.  P, 
B,T.    Oirbon.  peroent.0.26to0.40.  6. 
Fhosphcrus,  peroent,  max,  0.08.  B,  T. 


C»D,E,P,] 


SiMof 

test  pieee, 
ins. 


a  square 

or 
i  round 

il  round 
about  6 
long 


Ultimate 
strongth, 
Ibe  per  ,sq 
uich«  mm. 


65.000 

to 
70,000 

0>)<      to    [ 
180.000) 


(a) 


Elastie 

limit, 

ftw  per  sq 

inch,  min. 


33.000) 

or    y 

0.5  ult  j 


0.5  uH 


min. 


10  to  15 
20 
15 


20.   P 


25 


T  (a),  for  general  purposes,  bed  plates,  pedestals,  etc.,  to  bend  00*,  toe 
radius  —  diameter  of  test  piece. 
T  (b).  for  drawbridge  rollers,  etc. 

BoUed  Iron* 

Requirements  in  Osbom's  specification  for  highway  bridcss.  Oo.  Made 
from  puddled  iron  or  rolled  from  fagots  or  piles  of  No.  1  wrought  iroo  aerap. 
alone  or  with  muck  bar.  Tensile  strength,  min.  48,000  lbs  per  sq  iaoh  (£0,- 
000.  B);  yield  point.  26.000  lbs  per  sq  inch  (26.000.  Bh  riouataoa,  20  per 
cent  in  8  ins;  in  sections  weighiiy  less  than  0.654  lb  per  uneal  ft,  15per  eent. 
Specimens  cut  from  bar  as  roUedmust  bend  throu^  an  angle  of  180*  under  a 
sttooession  of  light  blows,  when  nicked  and  bent,  fracture  shall  be  generally 
fibrous  and  free  from  coarse  crystalline  spots ;  not  over  10  per  cent  of  the 
fractured  surface  shall  begranmar ;  specimens  heated  bright  red  shall  bend 
through  an  angle  of  180^  under  a  succession  of  light  blows  not  deliveied 
directly  on  the  bend  ;  must  not  show  red-shortness.  In  flat  and  square 
bars,  one- thirty-second  of  an  inch,  in  round  iron  0.01  inch,  Tariation  either 
way  in  sise  will  be  allowed.  Oo. 


Cast  Iron. 
Tough  gray  iron,  A.  D,  E,  Bf  unless  otherwise  spedfied,  A.  B« 
Transverse  strength.    Bar  1  inch  square,  12  ins  spaOi^  beer  2.500  llw, 

center  load.    Must  deflect  0.15  inch  before  rupture,  G*  Btf  1  inch  square. 

4.5  ft  span,  to  bear  500  lbs  center  load,  E,  B. 


Phosphor  Bronx e* 

1  inch  cube,  under  compression,  elastic  limit.  20.000  lbs. 
lbs,  permanent  set  max  one-sixteenth  of  an  inch,  B« 


Under  100,000 


Timber. 

Sap  wood  not  allowed  in  more  than  10  per  cent  of  the  pieces  of  one  kind, 
and  no  piece  will  be  accepted  showing  sap  covering  more  than  0.25  X  the 
width  of  the  piece  on  any  face  at  any  point,  or  more  than  half  the  thickness 
of  any  plaak  at  its  edge,  at  any  point,  Oo« 
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m.  LOABS. 
1.  Vertical  Loads. 

(Dead  and  Live  Loads  and  Impaei.) 
Dead  Loads  In  Steam  Railroad  Bridges. 
Dead  load  —  weight  of  metal  +  n  lbs  per  lineal  ft  of  track.  C,  D»  E,  B,  T. 
n  -  400.  C,  D.  E;  n  -  500.  Bjf^  n  -  620.  Y. 

Timber  taken  at  4.5  lbs  per  ft,  B.M.,  G.     Ballast,  110  lbs  per  cu  ft,  C. 
Rails,  splices,  and  Joints  taken  at  100  lbs  per  lineal  ft  of  track,  A»  B,  C. 
Rails,  splices,  guard  rails,  etc.,  at  160  lbs  per  lineal  foot  of  track,  P. 
Two-thirds  of  dead  load  assumed  to  be  carried  by  loaded  chord,  Y;  in 
spans  len  than  300  ft.  B;  in  longer  spans  calculate  distribution,  B. 

Dead  Loads  in  Highway  and  Electric  Bailroad  Bridges. 

Iron,  3.33  lbs  per  lineal  ft  of  bar  1  sq  inch  area,  Oo. 

Steel.  3.40"     "       "     "    "    "    1  sq  inch  area.  Oo. 

Timber  per  ft  board  measure,  4,  Aa;  creosoted,  5,  Oo;  oak.  4.5,  Co,  Oo| 
other  hard  woods,  4.5.  Oct  yellow  pine.  4,  Oo;  spruce  and  white  pine,  3.5. 
Oct  white  pine  and  cedar.  3.  Go. 

Concrete,  etc.,  lbs  per  cu  ft,  130,  Aa;  stone  concrete.  125.  Oo;  cinder 
concrete.  100,  Oo.    Stone.  150,  Oo,  granite,  160,  Aa. 

Brick,  150,  Aa;  125.  Oo;  sand.  100.  Oo.    Asphalt,  130.  Aa;  90.  Oo. 

Rails,  fastenings,  splices  and  guard  timbers,  100  lbs  per  lin  ft  of  tiack,  Aa. 

Live  Loads  for  Steam  Bailroad  Bridges. 

THEODORE  COOPER'S  STANDARD  LOADING. 
The  No.  (27  to  50)  following  the  letter  E  (Engine)  in  the  class  designation 
criTee  the  load.  d.  on  one  pair  of  drivers,  in  thousands  of  pounds.  In  each 
class,  d  -  2b  -  40t  -4-  26  -  10  U.  Since  these  ratios  are  constant  for  all 
olasses,  the  stresses,  due  to  any  class,  are  proportional  to  the  class  number. 
The  weight  of  metal,  in  bridges,  is,  in  each  class,  about  10  per  oent  greater 
than  in  the  class  next  lighter. 

J.  nnnn   ^  j  ^  A^5(f)Q^  '  ^^  44^ 

FIg.l. 

TWO     CONSOUDATIGN     LOGOMOTXTEB,     WITH    THEIB    TEKDKR8     AND    TRAINS. 

Load  in  lbs.  on  one  pair  of  wheels  Train 

for  each  track.  load, 

Truck  lbs.  per 

(bogie)  Driver  Tender  lin  ft. 

Class  b  d  t  XJ. 

E  27  13,600  27,000  17,550  2,700 

.     £  30  15,000  30,000  19,500  3,000 

E  35  17.500  35,000  22.750  3.500 

E  40  20.000  40,000  26.000  4,000 

E  60  25.000  50,000  82.500  5.000 

Af  Cooper's  loading. 

B«  Cooper's  (^ass  E  50,  unless  otherwise  specified. 
C«  See  above. 
Yt  Cooper's  COasB  E  40. 

D»  £ff  F«  B»  spaces  differing  slightly  from  Owper's.     Loads  as  below.f 

b  d  t  U. 

D  22,000  50.000  28.000  4,500 

E   15,000  35,000  23,000  4.000 

P   21.000  44.000  30,000  5.000 

B  19.200  (tgggjt      {i?;ggg}t         4.800 

*  \  Driver  and  tender  axles  unequaUy  loaded.    B.'^"^^' ''  ^^^^  ' 

5& 


i 
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A,  Aa,  Am  B  Ck>;  B,  B  &  O;  C,  Ce,  Cooper*  D,  D  L  A  W;   B,  Ens; 

Al/TKKSATSYm   LOADINOS. 

Use  Ptg.  1  or  the  alternative,  fig.  2  or  3,  whichever  gives  the  greater  atitaeia. 
WW  WW 

QXl      ?■  .0.0.9 

Fig.  2.  Fig.  8. 

Load  on  one  pair  of  wheels, 
(d   -i  6  ft;  W  -  W  -  60,000  lbs.  Above  E  40,  60.000  Ibe,  <3. 
Fig.  2.^  d    -  7  ft;  W  -  W  -  65,000  lbs,  D. 

id   -  7  ft;  W  -  W  -  60.000  lbs;  U  -  4.500  lbs  per  lin  ft,  T. 
Fig.  3.  W  -  W  -  66,000  lbs:  w  -  w  -  30.000  lbs.  B. 

Add  30  per  cent  in  figuring  floor  beams,  stringers,  hangers,  suspendera, 
and  other  floor  connections.  Add  0  to  30  per  cent  for  spans  from  100  ft 
down  to  25  ft.  D. 

ON   CURVSB. 

Distribution  of  live  load  between  the  two  1 


W  —  P  ^^  ,  — ;  where  W  —  proportion  of  live  load  borne  by  the  outer 
2  b 
tniss;  P  —  live  load  at  panel  con^sidered;  m   —  middle  ordinate  of  entire 
curve  on  span ;  b  —  dist  betw  cens  of  trusses.    Make  both  trusses  alike,  B«  T. 

BPECIAIj  LOADXNOa. 

For  rivets  connecting  upper  flange  angles  with  web  in  deck  oirders  carrying 
the  floor  directly  on  the  top  flanges,  and  in  deck  spans  with  wooden  floor 
beams,  when  distance  between  trusses  exceeds  6  ft,  50,000  lbs  on  one  pair  of 
drivers,  distributed  equally  over  three  ties  or  floor  bouns.  P. 

For  floors,  the  load  on  a  single  pair  of  engine  wheels  distributed  ovc^r  4 
ties,  B ;  over  3  ties,  C.  For  trough  floors.  60.000  lbs  on  one  pair  of  wheels, 
distributed  over  two  troughs.  T. 

THRBE-TRUSB  BRIDGES. 

In  double-track  deck  spans,  all  three  trusses  of  equal  strenp^th.  C. 
In  plate  girder  bridges  of  more  than  one  track,  center  girder  figured  for 
0.75  X    the  live  load.  E. 

nrruRB  increase  of  live  loading. 
Only  70  per  cent  (50  per  cent.  R)  of  the  dead  load  shall  be  considered 
effective  in  counteracting  live  load  stress.  A,  B.     Use  1.5  X  live  load.  £• 


"  lliat  the  heavier  of  these  engines  (see  *C,*  under  'Standard  Loading.' 
above)  i.<i  close  to  the  possible  maximum,  considering  the  limitations  of  the 
permissible  cross-section  of  existing  railroads  and  the  mechanical  details  of 
design  and  proportions,  is  not  improbable.  That  the  economical  tendency 
toward  heavier  and  heavier  engines  will  in  the  near  future  reach  the  heavier 
class  E  50  upon  the  most  important  roads  is  to  be  expected.  The  cars  will 
also  follow  the  same  tendency  for  many  kinds  of  traffic,  as  experience  justi- 
fies the  advance.  There  are  now  in  use  self-dumping  coal  oars  of  a  nominal 
capacity  of  100,000  iiounds,  which  have,  on  four  axles,  a  total  load  of  146,000 
pounds  (10  per  cent  increase  over  nominal  capacity)  on  a  wheel  base,  for  two 
adjacent  cars,  of  17  ft,  2  ins.  These  cars  on  all  ordinary  bridges  produce 
strains  equivalent  to  those  of  E  33." — Theodore  Cooper. 

Members  subject  to  reversal  of  stress  must  be  so  designed  that  a  live  load 
n  per  cent  greater  than  that  spnoified  shall  not  inoreaae  thttr  unit  i 
more  than  n  per  cent,    n  -  25»  C|  60.  B|  100.^^^^,  by  (^OOglC 
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G,  genl;  Oo.Osb'n;  P,  Pa;  B,  R'd'g;  Y.NYC;  Aa,  Cc,  Oo,  H'way. 


Live  Loads  for  Highway  and  Electric  Railroad  Bridges. 

Aa, 

(Am.  Bridge  Co.) 

For  the  Floor  and  its 

For  the  Trusses. 

Supports. 

and 

Uni- 

Pcrlinftof 

Per  sq  ft  of 

Cc, 

Concentrated. 

form 

single  track. 

Crheo.  Uooper.) 

(c). 

(Proportionally  for  inter- 

Wagon     Car 
CS.         (b) 
on 
each 

mediate  spans.) 

Class* 

Per 

Spans  Spans 
up  to    200ft 

Spans     Spans 
up  to     200ft 

track. 

100  ft      and 

100  ft       and 

tons       tons 

over 
lbs        lbs 

over 
lbs          lbs 

A 

24 

12     or    24 

100 
100 

1.800     1.200 
1.800     1.200 

100            80 

B- 

80           00 

C  

12     or    18 

100 

1.200     1.000 

80           00 
Up  to 

76  ft 

D 

6 

80 

80            55 

El 

24 

1.800     1.200 

E2 

18 

.. 

1.200     1.000 

.. 

(a)  On  two  axles.  10  ft  cens  (and,  Aa.  5  ft  gage) :  in  classes  A.  B,  and  C, 
asnumed  to  occupy  a  width  of  12  ft  in  single  line  (or,  Cc,  22  ft  in  double 
line)  on  any  part  of  the  roadway. 

(b)  On  two  axles.  10  ft  centers. 

(c)  In  classes  A.  B.  and  C,  on  remainder  of  floor,  including  footwalks.  In 
class  D.  on  total  floor  surface. 

Oo.  Oabom  Engineering  Co.  Highway.  May  specify  any  combination 
of  the  following  loadings,  according  to  character  of  bridge  ana  of  load. 

Uniform  loads,  lbs  per  sc  ft.  For  spans  up  to  150  ft.  100  on  roadwav  and 
80  on  sidewalks,  or  80  on  both.     For  spans  over  150  ft,  80  or  eO  on  both. 

A  steam  road  roller;  axles  11  ft  apart,  forward  roll  4  ft  face,  two  rear  rolls 
6  ft  cens  and  each  20  ins  face.  15,000  or  0,000  lbs  on  forward  roll  and  10,000 
o  0,(X)0  lbs  on  each  rear  roll; 

A  horse  roller.  12.000  lbs  on  roll,  5  ft  face; 

A  wagon  load.  10,000  lbs  on  two  axles,  8  ft  apart,  5  ft  gage; 

Two  electric  cars  on  each  track;  Fig.  a. 

A  train  of  electric  cars  on  each  track;  Fig.  b. 

A  train  of  coal  cars  of  eO.OOO  lbs  capacity;  Fig.  e. 


{ 


tbB.\  36/}00 


ft. 


Ftg.a 

—I    I 


SOjOOO 


9 — P-- 

n      n 

h  y  H< — 

— >h  y  M 

Bm.! 

09/>00 

Fig,c 

02J0OO 

1 

n    n 

o    o       no 

o   o 

/L    fj*t*             '"              "         -    *    -                 •"               .  -  -.  « 

-T«  'p    9     »r«-r 

H-IF^,.  • 

*Class  A,  city  bridges.  Class  D,  ordinary  country  highway. 

"     B,  suburban  or  interurban.        "    El,  heavy  electric  railway  only, 
"     C  heavy  country  highway.        "    £2,  light  electric  railway  only. 
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A,  Aa,  Am  B  Co;  B,  B  A  O;   C,  Ce,  Cooper;  1>»  D  L  A  W;   B,  Eries 

rUTtTRB   INCBBASB  OF  UVB   LOAMNO.      BIOHWAT. 

In  eleotrio  railroad  bridges,  Claas  E,  only  70  per  oent  of  dead  load  streas  to 
be  considered  as  effective  in  counteracting  the  live  load  etreos,  Aju  For 
bridges  carrying  electric  or  motor  cars,  counters  so  proportioned  that  a 
future  increase  of  25  per  oent  in  the  specified  live  load  ahall  not  inoreasa  the 
unit  stress  more  than  25  per  cent,  Cc. 

Impact« 
300 
I  —  S.       -^.;  where  I  —  impact  stress  to  be  added  to  the  IiTe  load  atreft'; 

S  —  calculated  max  live  load  stress;  1  —  length  in  feet  of  loaded  distanes 
which  produces  the  maximum  stress  in  the  member,  A. 


I-  S  (O.l  +  {-^^^2^5).  Mr.  G.  Bouscaren.  C.  E. 


In  Highway  Bridges;  I  =  25  per  cent  of  live  load  stresses  Aat  I  -«  I^  ^^ 
(L  +  D),  where  L  and  D  «  live  and  dead  load  stresses,  Oo« 

9.  Horizontal  Forces. 

(Drag,  Centrifugal  and  Wind.) 
(a)  I^ongritudinal. 
Drag*    In  bridges  for  steam  and  electric  railroads,  provide  for  a  kmgitti. 
dinal  force,  at  the  rails,  «  0.2  of  the  max  live  load.    In  double  track(T>. 
provide  for  trains  moving  either  way. 

(b)  Transyene. 
(1)  Centrifugal  Force. 

F  —  centrifugal  force:  W  —  weight  of  train  on  bridge;  d  —  degint  of 

ourvature  -•  central  angle  subtended  by  a  chord  of  100  ft;  v  «  Telocity  ia 

miles  per  hour;  c  —  a  coefficient. 

A»  F  -  0  d  W.  For  d  up  to  5°.  0  -  0.03.  Deduct  from  e  0.001  for  each 
degree  over  5**.     Train  on  each  track. 

B»  R,  F  =  0.02  of  the  live  load  for  each  deg  of  curvature.  B,  up  to  6*.  De- 
duct 0.001  for  each  degree  over  6®. 

C,  F,  computed  for  v  —  60  —  3  d  on  steam, railroads,  =  40  on  electric  rail- 

roads; force  acting  5  ft  above  base  of  rail. 

D,  V  -  60. 

E,  F  —  force  due  to  that  uniform  load  which  would  produoe  the  max  speci- 
fied live  load  bending  moment  on  span;  v  *  60. 

T,  F  -  W  v«  d  -i-  85.666.  Up  to  d  -  4^  v  -  60.  For  d  over  4«,  ▼  - 
60  —  2d.      Max  train  load  on  each  track. 

(2)  Wind. 

(a)   ON  RAIUIOAD  BRIDGBS. 

Wind  pressure,  in  lbs  per  sq  f t,  «■  w;  in  lbs  per  tin  ft  «  W. 

w  »  either  30  lbs  per  sq  ft  on  exposed  surface  of  trusses  and  floor  and  oa 
that  of  a  train  ot  10  ft  average  height,  beginning  30  ins  above  rail  base; 
or  50  lbs  per  aq  ft  on  exposed  Laurlaoe  of  trusses  and  floor;  iHiicfae\«r 
gives  the  greater  stresses,  A^  P. 

In  truss  spans  over  200  ft  A 'in  plate  girders,  w  *  30  lbs  per  sq  f t  of  exiiosed 
surf  of  1  ffiraer  and  floor,  +  W  on  train  Tor  lower  chord,  as  below,  B. 

W  B  L  +  U.  L  -  pressure  in  lbs  per  lin  ft  on  loaded  chord,  U  on  un- 
loaded chord.     W  includes  both  wind  on  bridge  and  wind  on  train. 

Wind  on  bridge.     L  -  U  -  150,  B,  €,♦  »,  B;  -  200,  E. 


L  —  200,  on  double  track  300,  acting  8  ft  above  rail  top; )  j, 
U  -•  150,  on  double  track  225,  acting  at  oen  of  chord;        / 
Wind  on  train.     L  -  300.  B,  »,  B,t  Y;  -  460,  €4  -  400,  B. 


*  In  spans  over  300  ft,  add  to  U  10  lbs  for  each  additional  30  it.  Cm 

t  Acting  7.5  ft  above  raii.  B. 

t  Acting  6  ft  above  rail  base.    Includes  lateral  vibrations  of  train*. 
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€l«  Cenl;  Oo,  Oflb'n;  P,  Pa;  ]|,R'd'g;  T,  N  Y  C;  A»,  Ce«  Oo»  H'way. 

A«  Wind  stress,  8w,  in  any  truss  member,  G  (main  trass  member,  Df 
eixMrd  or  end  post,  R),  need  be  considerBd  only  (1)  when  Sw  exceeds  30  per 
Cent,  C  (25  per  cent,  D,  R),  of  max  stress,  S,  due  to  dead  and  live  loads. 
Then  increase  section  to  bring  Sw  within  limit,  C,  D.  R.  (2)  When  8w, 
alone  or  in  combination  with  temperature  stress,  can  balance  or  reverse  8,  C* 

Anchorage.  In  determining  the  requisite  anchorage  for  the  loaded  struc- 
ture, the  train  b  assumed  to  weigh  800  lbs  per  lineal  foot.  A,  B,  C,  Pj  600 
lbs  per  fineal  foot,  R« 

(b)    ON   HIGHWAY   AND   XUBCTIUC   RAIUIOAD    BRIDOEB. 

Either  30  lbs  per  so  ft  on  the  exposed  surface  of  all  trusses  and  floor,  + 
?50  lbs  (180,  Oo)  per  lineal  foot  of  a  train  covering  the  span;  or  60  lbs  per 
0q  ft  on  the  exposed  surface  of  all  tnisses  and  floor;  whichever  gives  the 
greater  stresses,  Aa^  Oo« 

On  each  chord.  150  lbs  per  lin  ft,  of  span,  due  to  bridge,  and  on  the  loaded 
ehord  150  Ibe  per  lin  ft  of  snan  additional  due  to  train.  For  spans  exceeding 
300  ft,  add  10  lbs  on  each  chord  for  each  additional  30  ft,  Cc. 

Wind  stresses  (in  tniss  members,  Cci  in  chords  and  end  posts,  Oo)  to  be 

provided  for  only  when  the  wind  stress  exceeds  25  per  cent  of  the  max  dead 

and  live  load  stresses  (of  the  sum  of  all  other  stresses,  Oo),  or  when  the  wind 

stress  (alone  or  in  combination  with  temperature  stress,  Cc)  can  (neutralise 

'  or,  Ce)  reverse  the  stress  in  the  member,  Cc»  Oo. 

lY.  STRESSES  AND  DIBIENSIONS. 

EffectlTe  Span  and  Depth. 

In  pin  spans,  span  and  depth  are  measured  between  centers  of  pins.  In 
riveted  trusses,  the  span  is  measured  between  centers  of  end  beanngs,  and 
the  d^th  between  centers  of  gravity  of  chord  sections.  In  plate  girders  the 
"  '    '  -       .  »       .  '    '  e  depth  between 

Cles,  whichever  is 

r _jtween  c« 

and  in  stringers  between  centers  of  floor  beams,  O. 

lilmitiiiir  Unit  stresses. 
Tension. 

Net  Section.  The  net  section  of  any  tenmon  member  or  flange  is  deter- 
mined by  a  plane  cutting  the  member  square  across  at  any  point.  The  lat- 
est number  of  rivet  holes  which  can  be  cut  by  the  plane,  or  come  withm  an 
inch  of  the  plane,  is  deducted  from  the  gross  section,  B.  The  rupture  of  a 
riveted  tension  member  is  considered  equally  probable,  either  through  a 
transverse  line  of  rivet  holes,  or  through  a  diagonal  line  of  rivet  holes  where 
the  net  section  does  not  exceed  by  30  per  cent  the  net  section  along  the  trans- 
verse line,  €,  Cc. 

In  deducting  rivet  holes  for  net  section,  their  diameter  is  taken  at  on»> 
eighth  of  an  inch  greater  than  that  of  the  cold  rivet,  O ;  for  countersunk 
rivets  (Oo),  one-fourth  of  an  inch  greater. 

Maximnna  permissible  tensile  stresses,  in  lbs  per  sq  inch. 

Medium     Soft 
Steel        Steel 
A«  Aa«  Under  vertical  forces  only  or  horisontal  forces  only  17,000     15.000 
Under  vertical  and  horizontal  forces  combined         21,000     19,0^^ 
B«  For  "Bridge"  (soft)  and  Rivet  Steel,  same  as  Medium  Steel  under  A. 

D«    For  soft  steel :  For  dead  load ;  live  load . 

Eye-bars 14,000  9,000 

Built  sections 12,600  8.600 

Counters   8,600 

For  dead  and  live  load. 
Hip  suspenders,  floor  beam  hangers,  members  sub- 

ject  to  sudden  loading 7,500 

Tension  flanges  of  plate  girders  and  rolled  beams 9,000 

Bracing  'gVzlJb'yL^odg'R?® 


i 


span  is  measured  between  centers  of  end  bearings,  and  the  depth  between 
centers  of  gravity  of  flange  areas  or  over  backs  of  flange  angles,  whichever  is 
the  less.     In  floor  beams  the  span  is  measured  between  centers  of  trusses, 
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A,  Aa,  Am  B  Co;  B.  B  ft  O;  C,  Cc,  Cooper;  D,  D  L  ft  W;  E,  EHt. 

Main  members  of  trusaes,  flanges  and  webs  of  f^rdexn  and  floor  hcwiWM 
for  double  track,  floors  and  girder  flanges  with  ballast  floor,  add  10 
percent 
For  medium  steel,  add  10  per  cent, 
min   stress  \ 


E.     8.000  (  1  +  ^        f 

'         \     '  max  stress/ 

Oo.    (Highway  Bridges.)     Medium  steel,  22.000 ;  soft  steel,  20,000 ; 

iron,  18,000. 

P.     M  =»  max  calculated  stress  in  member 

m  =  min  "  

Let  r    =  ™  ;  let  k  =  ~=^.    Then  M  (1  +  k)  shaU  not  exceed  15,00a 

Long  hip  verticals  must  have  25  per  cent  excess  strength;  abort  floor 
beam  hangers  50  per  cent  excess,  P. 

T*  Soft  steel.     Chords  and  web  members  of  trusses,  and  flanges  of 
plate  girders,  floor  beams  and  stringers. 

Dead  load  and  drag 16.000 

Live  load  and  centrifugal  force SjOm 

MAXIlfUBI   STRESSES  IN  TIMBER,    LBS   PER  8Q  INCH. 

Trans-  Bear- 

verse         End  ing    Shear 

For  Highway  Bridges,  Oo.  load-        bear-        Short      aeroes  akwg 


>^^  .^.      column*    fibre     fibre 


White  oak 1.400         l^SOO         1,000         550         300 

Long  leaf  pine 1.600         1,300         1,000         350         200 

White  pine 1,100  900  700         200         130 

Hemlock    950  850  850         200         100 

Extreme  fibre  stress,  in  floor  beams,  max,  yellow  pine  and  white  oak, 
1,200  lbs  per  sq  inch;  white  pine  and  upruoe.  1,000,  Aa,  Cc. 

CompreBslon. 

r  —  permissible  working  stress  in  compression  member,  in  Ibe  per  sq  ioeh. 
B  generally  the  permissible  stress  in  tennion  member,  in  lbs  per  sq  inch, 
a  —  a  coeflScient. 

L  —  length  of  piece,  in  ins,  between  cens  of  connections, 
r  —  least  radius  of  gyration  of  cross-section  of  member,  ins. 

P--V 

f  a 

.^    fin  medium  steel 17,000  11.000 

^**  t  In  soft  steel 16.000  13,500 

B.      In  soft  steel 17.000  11.000 

O.      Bee  below. 

Dead  load  Live  load 

f                   a                   f  a 

S.O0O        18.000         aooo  l&OOO 

to  to  to  to 

,    >.500  24.000  8.500  24.000 

B»    f  =  aOOO  (l  +  ??!H_^!???)  ;  ^  =  36,000  with  both  ends  fixed;  a  - 
\         max  stress/ 

24,000  with  one  end  fixed;  a  »  18.000  with  both  ends  hinged. 
Oo.  (Highway  Bridges.)    f  -  22,000  for  medium  steel,  20,000  for  soli  steal, 

18,000  for  wrought  iron ;  a  is  in  E»  above. 
P.   f  -  15.000;  a  -  13,500. 

B.  f  _  e.80O  (l  +  ^^,?^^1):  f  n«x  -  8.0005  .  -  40.000  w«h  fc. 

ends;  a  —  20,000  with  pin  ends. 
When  one  end  Ia  pinned,  p  —  mean  of  values  derived  as  above. 
For  angle  iron  struts,  see  below. 


ri2.oo< 

A     to 
il2.50( 


^L«ngth  not  over  12  X  least  side.     fHin  stress  »  dei^^7^^y|»  load 


iJ§^-nS^} 


find  and  other  posts  . 
For  highway  bridges . . 
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O,  genl;  Oo,  Osb'n;  P,  Pa;  B»  R'd'g;  Y,  N  YC;  Aa,  Cc,  Oo,  H'way. 

T*  Soft  steel  in  chords  and  web  members: 

f  a 

For  dead  load  and  drag 16.000  18.000 

For  live  load  and  centrifugal  force 8.000  18,000 

C,   Cc,  p  -  M  ~  c  — . 

For  medium  steel  in  stationary  structures : 

Dead  load  Live  load 

M  c  M  c 

Chord   segments,  stiffeners.         20,000  90  10.000  45 

For  highway  bridges 24,000  110  12,000  66 

r      17.000      f       90      f         8.600     /      46 

tol8,000     1  to  80     Ito    9,000     1to40 

20,000     f       90     )       10.000      /      46 

lto22.000     tto  80     Ito  11.000     tto40 

Lateral  struts,  rigid  bracing  1 

for  railroad  and  highway 

bridges 

For  soft  steel,  deduct  16  per  cent ;  for  movable  structures,  deduct  26  per 
cent. 
B.  Angle  iron  struts. 

With  flat  ends,  p  -  9.000  — 30  —;  with  pin  ends,  p  -  9,000—  34  — . 
In  lateral  and  cross  struts,  add  30  per  cent. 

Ijength  of  compression  members,  max,  —  40  to  46  diameters,  or  100  r 
to  120  r.  In  highway  bridges,  120  r  to  140  r,  Aa;  100  r  to  120  r.  Cct  126  r  to 
160  r,  Oo»  where  r  ■"  least  radius  of  gsrration. 

UnBupported  width  (distance  between  rivets)  of  plates  subject  to  com- 
pression, max  —  46  X  thickness,  Ooj  30  X  thickness,  C,  Ce,  Df  in  cover 
plates  ot  top  chords  and  end  poets.  40  X  thickness,  C«  Cc,  D;  or,  if  a  neater 
width  is  iised.  effective  section  shall  be  taken  as  ^  X  thickness,  C,  Cc. 
Distance  between  supports  in  line  of  stress,  max  —  16  X  thickness.  Oo. 

Timber  columns,  whose  length  exceeds  12  X  their  least  sides,  in  highway 
bridgiM,  Oo« 

Bfax  unit  streas  — jj — 

^"•"Toood* 

where  C  —  1.000  lbs  per  sq  Inch  for  white  oak  and  long  leaf  pine,  700  for 
white  pine.  660  for  hemlock;  L  —  length  of  column,  between  supports,  ins; 
d  —  iMst  side,  ins,  Oo» 

Alternating  Stresses. 

Total  sectional  area  of  member  to  be  made  •■  sum  of  areas  required  for 
both  stresses.  A,  B. 

Area  sufficient  to  resist  either  stress  plus  0.8  (0.6.  Rj  1.0.  Y)  X  the  le 
stress,  C,  Cc,  D,  B,  Y. 

Permissible  working  stress,  in  lbs  per  sq  inch : 

fiivtfi  1 1  max  stress  of  lesser  kind      \    _ 

a  -  8,auo  ^1      2  X  max  stress  of  greater  kind/*  **• 
M  —  max  calculated  stress  of  greater  kind, 
m  —  max  calculated  stress  of  lesser  kind, 

Let  r  -  S-     Let  k  -  %^^.    Then  M  (1  +  k)  shaU  not  exceed  ^  **' 
M  ^  —  r 

16,000  lbs  per  sq  in. 

Ut   BRIDOBS  rOR   HIOETWATS   ASTD  FOB   BLBCTRZC  RAILROADS. 

In  Classes  A,  B,  C,  and  D.  members  proportioned  for  that  stress  which  re- 
quires the  larger  section.  In  Classes  E  1  and  E  2.  make  sectional  area  »•  sum 
of  areas  required  for  the  two  stresses,  Aa.  Members  designed  to  resist  either 
stress  and  given  26  per  cent  excess  of  strength  in  their  joints  and  connec- 
tions, Oo.  Digitized  by  VjOOg  IC 
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A«  AAt  Am  B  Co:  B,  B  4b  O;  C»  Co,  Cooper;  D,  D  L  A  W^S  B»  Erie" 

Shear  and  Bearing  Stresses. 

Shear  In  web  plates,  max,  lbs  per  sq  inch.  10.000.  B;  4.000,  E;  6,000. 
Rl  13,000,  Pt  in  medium  steel,  10.000.  A.,  Aa|  in  soft  steel,  9,000,  A.  Am; 
aoross  grain,  6.000,  Ds  with  grain,  5,000  (net  seouon),  D|  dead  load,  10.- 
000,  Y;  hve  load.  5.000  (grosu  section),  T. 

Shear  and  Bearing  on  Blvets,  Bolts  and  Pins*  Maximum,  in  lbs 
per  sq  inch. 

Shear  Bearing 

Medium  Soft  Medium  Soft 

A,  Aa,  B 12,000 11.000 24,000 22.000 

C    9.000 9.000 15,000 15.000 

Cc        10,000 10.000 18.000 18,000 

Oo     10,000 10,000 22.000 20.000 

D,  R     7,500 7,500 12.000 12,000 

T,  Shear  •-  0.75  S  ;  bearing  *  1.50  S.  8  -•  permissible  unit  stress  in  tenaion. 

In  field  riveting,  increase  number  of  rivets  25  per  cent.  A.  Aa.  B«  Oo*  P; 
tf  machine  driven.  10  per  cent.  A,  Aa,  Pi  in  stringing  and  floor  beama,  one* 
third,  P,    Take  0.66  to  0.80  X  stress  as  above,  C,  Cc,  D,  R,  T. 

In  floor  connection!!,  use  0.8  X  stresses  as  above,  C,  Cc|  add  20  per  cent 
to  number  of  rivets,  Y. 

In  wind  and  .«way  bracing,  use  1 .25  to  1 .5  X  stresses  as  above,  C*  Cc^  I>,  R. 

Rivets  with  countersunk  heads  taken  at  0.75  X  value  of  rivets  with  full 
heads,  P. 

Bearing,  on  phosphor  bronss  disks,  6.000  lbs  per  sq  inch,  B* 

Bending  Stresses* 
Stress  In  extreme  fibres,  nnder  bending  moments,  max,  lbs  per  sq 


In  pins  and  bolts,  25.000,  B;  18.000.  Cf  20.000,  Ce|  15.000.  D.Rf  16.000. 
T|  in  pins,  olosely  packed.  25.000.  Oo|  in  medium  steel.  25.000;  in  soft 
steel,  22,000,  A,  Aa,  P«  Centers  of  bearings  of  strained  members  taken  as 
points  of  application  of  the  stresses,  A,  Aa,  R.  Applied  forces  considered 
as  uniformly  distributed  over  the  middle  hau  of  the  bearing  of  each  member. 
C,  Cc.     Bending  calculated  from  distances  between  centers  of  bearing,  Oo. 

In  rolled  beams  and  channels,  14,000,  P. 

In  wooden  floor  beams,  1.000,  A,  B,  C,  P« 

Compound  Stresses. 
Compound  (axial  and  bending),  maximum,  lbs  i^er  sq  ineh. 
In  end  posts  of  through  spans,  dead  +  live  -f-  wind  +  bending,  max  > 
15.000.  R. 
Proportion  the  member  to  resist  sum  of  direet  stress  plus  0.75  bending 

8  000 
Stress,  A,  Aa,  B,  P,  R«    Max  —  ■■■  zy ^,  whersL-  length,  ins;  r  - 

^  ■'"  40,0007* 
least  radius  of  gyration,  ins. 

If  pins  are  out  of  neutral  axis  of  section,  max  must  include  the  additionsl 
stress  due  to  the  eccentricity.  R. 

Bending  moment  at  panel  points  assumed  equal  and  opposite  to  that  at 
the  center,  A,  Aa.  U  fibre  stress  due  to  weight  of  member  alone  exceeds  10 
I>cr  cent  of  the  allowed  unit  stress  on  such  member,  the  ezoees  must  be  oon- 
sidered  in  proportioning  the  areas,  C,  Cc,  R. 

BUnlninni  Dlmenalonn. 
Mlnimain  tbidcnemi  of  plates,  in  railroad  bridges,  three^i^chths  of  aa 
inch  for  main  members^  five-eixteeoths  of  an  inch  for  laterals;  m  highway 
and  electric  railroad  bndges,  five-sixteenths  to  one-fourth  of  an  inch.  Min 
diam  of  rod,  three-fourths  of  an  inch,  Oo.  Rods  and  bars,  min  section.  1  sq 
Inch,  D,  R ;  counters  1.5  sq  ins,  R,  P.  'Posts,  in  pin  spans,  min  width  10 
Ins,  A.  In  poets  of  through  spans,  channels  min  10  vaa,  R.  Angle,  min,  ZJi 
X  8  X  flve^dxteenths,  B.  ^^ 

Digitized  by\jOOgl€ 
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6,  fanl;  Oo»  Osb'n;  P,  Pa;  B,  R'd'c;  T,  N  Y  C;  Aa»  Oe»  Oot  H'way. 

y.  P&OTECTIOX. 

At  Shop.  After  removing  loose  scale  and  rust ;  1  coat  pure  boiled  linseed 
oil.  A,  Aa,  B.  p»  BtP,  B|  raw  lineeed  oil,  C.  Cc}  with  10  per  eent  in 
weight  of  lampblack,  l>|  standard  red  lead  paint,*  T. 

InaccfiMlble  Parts.  2  coats  iron  ore  paint  in  pure  linseed  oil.  A*  Aa.  B, 
Cy  CCt  B,  Bt  standard  red  lead  paint,*  T ;  1  coat,  D j  1  heavy  ooat  ted  lead 
in  raw  linseed  oil,  P|  2  coats,  18  lbs  red  lead  in  1  gal  boiled  linseed  oil,  Oo« 

Flnbhed  Surfaces.    Ooated  with  white  lead  and  tallow.    General. 

Surfaees  in  Contact.  Painted  before  joining.  A»  Aa,  B,  C,  Cc,  R»  T| 
with  2  heavy  ooats  red  lead  in  raw  linseed  oil  on  each  surface,  T. 

Aft«r  Erection.  2  additional  coats  of  paint  in  pure  linseed  oil.  A,  Aai 
B,  C^  Cct  2  ooats  of  paint,  of  dififerent  colors,  B|  2  heavy  coats  asphaltum 
varnish,  T. 

At  least  48  hours  allowed  for  drying  of  each  ooat,  T» 

Columns,  etc.,  for  5  ft  above  surface  of  street,  etc.,  2  heavy  coats  as* 
phaltum  varnish:  nnder  sides  of  Ivrldires,  rest  <rf  oolamnst,  etc.,  2  heavy 
ooats  standard  white  paint;*  ballast  side  of  trough  floors,  1  part  by  weight 
refined  Trinidad  asphalt  and  3  parte  straight  run  coal  tar  pitch  at  80O<*  F,  T* 

Wherever  there  is  a  tendency  for  water  to  oolleet,  the  spaces  must  be  filled 
¥nth  a  waterproof  material,  C,  Cc. 

Pint  eoat  paint  of  graphite  or  carbon  primer,  Oo. 

In  highway  bridges,  upper  surfaces  of  metal  floor  plates  thoroughly  ooated 
with  asphalt,  Oo« 

TI.  EBECnOX. 

The  Contraetor  n  usuidly  required 

(1)  to  unload  materials  after  delivery,  to  furnish  falseworks  and  appli- 
ance^ to  remove  the  old  bridge,  to  alter  existing  brid^ge  seats ; 

(2)  to  drill  and  set  anchor  oolts,  to  erect  and  adjust  the  superstructure, 
and  sometimes  to  furnish  and  place  the  wooden  floor  beams ; 

(3)  to  remove  falseworks  and  appliances; 

<4)  to  keep  the  road  open  for  trafllo  and  to  avoid  interference  with  any 
other  thorouidilare  by  land  or  water  and  interference  with  other  contractors ; 
to  furnish  and  pay  watchmen ;  to  keep  material  clean  and  in  good  order ;  and 
to  assume  all  risks  of  damage  to  persons  or  property  by  reason  of  storms, 
floods  or  other  casualties; 

(6)  to  famish  pilot  nuts  for  the  protection  of  the  ends  of  pins  in  driving. 
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(2)  DIGEST  OF  SPECIPICATIOlf  FOB  COMBINATIOII   BAII> 
BOAB  BBIBGES.t 

By  Baltimore  and  Ohio  Ballroad  Co.,  1901. 

_  I.  GENEBAI.  DESIGN. 

Type,  Howe. 

Rods  of  steel,  with  upset  ends :  siandard  nut  and  lock  nut  on  each  end. 
Cast  iron  joint  boxes  and  packing  spools. 

Steel  gib  plates  from  1.25  ins  thick  for  1.25  inch  rod,  to  1.75  ins  thick  for 
2.5  inch  rod. 

Splices  in  lower  chord  generally  of  steel  construction. 

n.  MATEBIAL. 

Lumber,  Georgia  yellow  pine,  white  oak  or  white  pine. 

Rolled  steel.     Open  hearth.    Ultimate  strength  60,000  lbs  per  s^  Inch, 

*  Standard  red  lead  paint.  5  gals  contain  100  lbs  pure  red  lead,  4  gala  pure 
raw  linseed  oil,  one-haJf  pint  Japan,  free  from  bensine.  T. 

Standard  white  paint.  5  gals  contain  42  lbs  pure  white  lead  in  oil,  21  Ibi 
white  zinc  in  oil  3  gals  pure  raw  linseed  oil,  T. 

M  least  48  hours  between  coats,  and  between  final  shop  coat  and  load* 

t'To  be  used  only  for  temporary  purposss.  ,gi,i,ed  by  L^OOg le 


764  TRUSSES. 

permissible  variation,  5.000  lbs;  elastic  limit,  30,000  lbs;  eloogatioa  25  pat 
eent  in  8  ins;  to  bend  ISO*"  flat  upon  itself. 

III.  LOADS. 

Dead  Load. 
Timber  taken  at  4.5  lbs  per  foot  board  measure.    Track  100  lbs  per  lin  ft. 

Live  Load. 
Max  intended  load  +  25  per  cent,  to  provide  for  increase  and  impact. 

IV.  STRESSES  AND  DIMENSIONS. 

Umltlnis  Unit  Stresses. 

Timber,  lbs  per  sq  inch,  max    Yellow  pine       White  pine       White  oak 

Bendinff  or  direct  tenfion 1,200  800  1,000 

Columns  under  17  diams  in  length    900  600  750 

Columns  over  17  diams  in  length . .  1 ,  200-18  n  800-12  n         1,000-15  n 

where  n  —  length  •♦-  least  thickness; 
n  max  »  40. 

Shearing,  along  grain 150  100  200 

Bearing,  in  direcUon  of  grain 1,500  1,000  1,250 

Bearing,  perpendicular  to  mtin...    350  200  ^  500 

In  coiimins  made  up  m   several  sticks  placed  side  by  side,  and  bolted 
together  at  intervals,  each  stick  treated  as  an  independoit  column. 

steel  rods,  max  unit  stress  *  12,000  lbs  per  sq  inch. 

Floor  beams  designed  to  carry  the  dead  load  and  the  heaviest  engines  in 
fier\'ioe  without  impact  allowance.     Reinforoe  for  future  increase  of  To*ds. 

For  loadings  in  excess  of  that  used  in  designing,  reduce  speed  from  60  to 
15  miles  per  hour,  as  loads  increase  to  limit  of  25  per  cent  increase  of  load. 

V.  PROTECTION. 

Steel  rods,  fi^ibs,  etc.,  1  coat  of  paint  in  shop;  2  after  erection. 
Wood,  at  joints  and  at  points  of  contact,  to  be  painted. 
Bolt  and  rod  holes  to  be  saturated  with  paint. 


(3)  DIGEST  OF  SPECIFICATION  FOR  ROOF  TRUSSES* 

STEEIi  FRAMEWORK  AND  BUILDINGS. 

By  Baltimore  and  Ohio  Railroad  Co.,  lOOl* 

I.  GENERAL  DESIGN. 

Made  principallv  of  shapes.  No  adjustable  members,  except  in  lateral 
bracing.  Lateral  bracing  proportioned  for  a  full  wind  pressure  of  30  lbs  per 
sq  ft  of  exposed  surface,  acting  in  any  direction.  Tension  members  in  brac- 
ing must  in  all  cases  pull  directly  agamst  a  stiff  strut.  If  building  is  enekned 
and  the  work  is  exposed  to  the  action  of  gases,  no  open  spaces  lees  than  1 
inch  wide  left  between  members,  or  open  pockets  inaccessible  for  paintinie. 

II.  MATERIAL. 

Min  thickness,  0.25  inch.  When  subject  to  the  action  of  gases,  five-«dx- 
teenths  inch  if  building  is  open;  0.375  inch  if  enclosed. 

ni.  LOADS. 

Snow,  20  lbs  per  sq  ft  of  horizontal  projection  of  roof  surface.  Wind.  30 
lbs  per  sq  ft,  horizontal,  in  any  direction.     Min  total,  40  lbs  per  sq  ft. 

Covering.  For  roofs,  and  for  sides  unless  otherwise  ordered,  eorrncnted 
sheets.  No.  22  gage,  26  ins  wide;  corrugations,  2.5  ins;  3  ins  for  slope  of  1 
on  2 ;  6  ins  for  less  slope.    Purlins  not  more  than  4  ft  apart  between  centers. 

IV.  STRESSES. 

Columns  sustaining  roof  are  considered  as  hinged  at  base,  unless  so  an- 
chored as  to  be  absolutely  fixed. 

Unit  stresses,  if  subject  to  no  moving  load  other  than  wind,  see  B,  in 
Digest  of  Specifications  for  Steel  Bridges,  and  Digest  (2)  of  B  &  O  R  R  Speci- 
fication for  Combination  Bridges.  Stresses  given  in  the  latter  to  be  i»- 
ereased  25  per  cent. 

V.  PROTECTION. 

Three  coats  of  paint.  If  exposed  to  gases,  use  bridge  paint  (see  B  in 
Steel  Bridge  Specifications) ;  if  not,  use  standard  building  paisi^  IC 
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SITSFENSION  BBIDOES. 


Table  of  data  required  for  calcnlaUnar  tbe  niai» 

ehaiBa  or  eables  of  saspeii»ioii  brldipes*  OrlgiDal. 


Art.1. 


Lensihor 
Main  CbaiD* 

Tension  on  all 
(be  Main 
Obains  at 

eitberSiupen- 

Tension  at  the 
Center  of  all 
tbe  Main 
Cbalns ;  in 
paruofthe 
entire  Sus. 
pended  Wt. 

*Sfil?' 

Fatural      Natural 
Sineofihe  Cosioeor 

or  tb« 
CbonL 

laD«et- 

maUof 

Um  Chord. 

between  8u- 
Chord. 

■ion  Pier,  in 
I>arta  of  tbe 
entire  &IU- 
pended  WL 

of  tbe  Bridge. 

and  its  Load. 

Uonof 

tbeCbalns 

at  tbe 

Pltt-S. 

Atigle  of    "*""    '  ^    "" 
Direction 

of  the 
CbalDS.  at 
the  Pien. 

uie  Aagi9 
of  Dir4 
tlonof  the 
Cbaios  ft 
tbePlera 

1-40 

.oa 

1.002 

B.OS 

6.00 

nr 

.0096 

.9060 

1-3S 

Ji2» 

1.00« 

4.40 

4.87 

«   81 

;11S6 

.9936 

l-W 

.(B33 

I.O08 

8.78 

8.76 

7    86 

.1323 

.9913 

l-SS 

.Oi 

1.004 

S.16 

8.13 

9     6 

.1580 

.9674 

1-90 

.06 

1.006 

2.56 

2.51 

n   19 

.1961 

.9806 

1-19 

.0626 

1.007 

S.4S 

3.88 

11  a 

.2000 

.9786 

MS 

.0655 

1.008 

S.80 

3.36 

13    83 

.2169 

.9763 

1-17 

.0588 

1.009 

2.18 

3.13 

IS    14 

.2290 

.9734 

1-16 

.0825 

1.010 

2.06 

3.00 

14      3 

.2425 

.9701 

1-16 

.0687 

1.013 

194 

1.87 

14    55 

.3573 

.9663 

1-14 

.0714 

1.013 

1.82 

1.74 

15    57 

.3747 

.9616 

1-lS 

j0768 

1.016 

1.70 

1.63 

17      6 

.2941 

.9658 

i-ia 

JK3S 

1.018 

1.57 

1.49 

18    S3 

.3180 

.9480 

Ml 

M19 

1.022 

1.46 

1.87 

19    69 

M\% 

.9398 

MO 

.1 

1.026 

.86 

1.35 

31    48 

.8714 

.9286 

1-9 

.1111 

LOSS 

1.28 

1.13 

33    58 

.4063 

J»1S8 

H 

.Itf 

1.041 

1.12 

1.00 

36    83 

.4471 

.8945 

1-7 

.1429 

1.05S 

1.01 

.881 

29    45 

.4861 

.8736 

S-M 

J& 

1.058 

.973 

.838 

80    58 

.6145 

.8574 

.3 

.1667 

1.070 

.901 

.750 

83    41 

.5547 

.8320 

.S 

1.098 

.800 

.636 

88    40 

.6247 

.7808 

-m 

1.12S 

.747 

.556 

43      0 

.6090 

.7433 

s 

.» 

1.149 

.707 

.500 

45    00 

.7071 

.7071 

J 

1.206 

.651 

.417 

50    13 

.7682 

.6401 

H 
A 

.SS8S 

1.247 

.626 

.876 

63      8 

.8000 

.6009 

.4 

1.883 

.589 

J13 

58      3 

.8483 

.5294 

•-ao 

.46 

1.406 

.679 

.3T8 

60    57 

.8742 

.4859 

H 

^ 

1.480 

.659 

.350 

68    36 

.89M 

.447> 

i 


inmptlon  that  tbe  ourre  formed  bj  tbe  malo  cbains  Isf^ 
1  a  flnlsbed  bridge,  the  earve  is  between  a  parabola  and  4 


Theee  ealcnlattons  are  based  on  the  a 
parabola ;  vbleb  is  not  striotl/  eorreot.    In  a 

eateaary ;  and  U  net  saseeptiUe  of  a  rigorous  determination.  It  may  Save  l»OIBie  trOb* 
ble  In  maklnif  tbe  drawlnipi  of  a  suspension  bridge,  to  remember  tbat  wben  th% 
deteetteo  dtm  not  exoeed  abont  -^  of  (he  spaa,  a  segnent  of  a  cireie  m^  be  used  instead  of  (h| 
troe  aorre ;  inasmneh  as  (he  (wo  (ben  ooinolde  rery  elesd/ ;  and  the  more  so  as  the  deflection  bt 
OBBM  laaa  (baa  1^.  Tbe  dliMDsiau  lakan  flroB  Um  drmwtng  of  a  ngmant  will  ftnaver  all  (he  pan 
poaca  ofeetlwaUng  (he  qaantittas  of  materials. 

The  deileetioii  iiiiaalljr  adopted  by  eiiirtn««i«  for  groat  ipiaii  li 

about  ^  to  J^  (be  span.    As  much  as  -jl^  is  generally  confined  to  small  spans.    Tbe  bridge  will 
be  stronger,  or  will  require  less  area  of  oable,  if  (be  defleei 
readily  :  and  as  oadnlations  tend  to  destroy  tbe  bridge  by 


la,  (hey  mas(  be  speolally  goarded  agalns(  as 
'  tnsseing  tbe  hano-rallbig;  wbieh  with  (bis  ▼ 


this  Is  ^ 

bers  than  wonld  o(berwiae  be 
brfdgo-craaoes,  suflScicntly  high  (o  be 
wbcre  the  tmeses  are  •"  *'  *-'-'- 


deflection  Is  greater ;  bat  it  then  onAolates  mors 
loosening  tbe  Joints,  and  by  inoreasing  ( 
Tbe  usoaJ  mode  of  doii 


mooh  as  possible. 


loing 


efl9fke 


ntly 
18  ft 


In  large 


together 


r  width,  below.* 


high ;  supporting  a  single>traok  railroad 


Is  riew  may  be  made  higher,  and  of  stoater  tim- 
■pans,  indeed,  it  may  be  sapplanted  by  regular 
er  orerbead.  as  in  tbe  Niagara  Railroad  bridge, 


in  tbe  Niagai 
on  top ;  and  i 


Idgo, 

a  oommon  roadway 


■  Tbe  writer  believes  himself  (o  bare  been  (be  first  person  to  sugi^ , 

tiunias  braoed  together  transversely,  Ibr  large  suspension  bridges.  Karlr  in  1851 ,  he  designed  loeh 
a  bridge^  with  four  spaas  of  1000  ft  eaoh :  and  two  of  600;  with  wire  cables ;  and  trusses  20  ft  high. 
It  waa  latonded  ibr  erossiug  tbe  Delaware  at  Market  Street.  Philada.  It  was  pabliolj  exhibited  for 
sereral  months  a(the  Franklin  Institute,  and  at  (be  Merchants'  Kxchsnge;  and  was  flnallv  stolen 
froeithe  ball  of  the  latter.  Mr.  Roeblin*'*  Niagara  bridge.of  800  ft  span,  with  trusMslSfihifch.vRn 
not  eenmeoeed  until  the  latter  part  of  1862;  or  abont  18  months  aflcr  mine  had  been  publicly  e» 
hlbi-.^  • 
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766  BUBPEN8IOK  BRIDGES. 

▲•other  very  importaBt  aid  li  toaad  In  daep  toagltadltial  flo«r  timtaeri,  enalj  mttad  « iwre  iMr 
«ods  mMt  eaoh  otter.  Theea  ueUt  by  dieuikudiic  uaeiig  aeveral  evepender-rede,  ard  by  thai 
■waat  Aloog  e  eonelderabto  length  of  mmin  cable,  the  weight  of  heavy  pusing  leada ;  aad  tbw  pia- 
vcat  the  aadnc  ondaladoo  that  woaM  take  plaoe  if  the  load  were  ooaoentnted  apoa  eaty  t«o  arpMiM 
■aipeadere.  With  Ihle  viaw,  the  woodea  strlaflere  aader  the  raila  aa  the  Mapra  brUae  va  mmitt 
Tirtaally  4  ft  deep.    The  tane  prinoiple  i«  evldeaUy  good  for  ordinary  troseed  orldgca. 

Another  mode  of  relierlng  the  main  eablee  Is  by  meant  of  emhU'ttrnt* :  vhlA  are  ben  at  Irea.  er 
wire  ropea,  extending  like  e  y,  Fig  1,  from  the  raddiee  at  the  polate  of  eoepeasiea  e,  d,  abUqady  de«a 
to  the  floor,  or  to  aome  part  of  the  truae.  In  the  Niagara  brld|e  are  M  aueh  ataye,  of  vire  rapea  of 
IK  iaoh  dlam;  tbalongeetoT  whkh  raaeh  more  than  qnarter  wey  r " '" " 


, r  way  aotww  the  1^ 

nay  tranaftr  mooh  of  cha  aiiain  of  the  «rt  of  the  bridge  aad  tu  load  dlraotiy  ta  theaaddleB  aithe  lap 
er  the  tcwera :  iber^  ralleving  every  part  of  tbo  melB  eabia,  aad  dtmlaiabiag  aadatatioB.  Tb^ 
end  at  oaad  d,  where  thay  are  atuahed,  not  to  theoableB,  bat  to  the  aaddlea.  Thay  af  aoorea  do  aat 
relieve  the  hack  ataira. 

The  great— t  dancer  arlece  Apmii  tiM  aetf«B  afetraay  wlads 
strlkiur  belew  tbe  floor,  mnd  either  lifting  the  whole  platform,  and  letting 
it  fall  auddenly ;  or  impaniag  to  it  yMtfbt  waTallke  andaJatloBa.  The  bridge  of  1010  ft  apaa  aeraea 
the  Ohio  at  WheeUag.>y  Charlee  KUot,  Jr.  vaa  dcatroyed  in  tbto  maanar.    It  ia  aald  ta  hava  aada- 

laied  ao  ft  vertioally  before  girtag  way.  It  had  no  eflbetlTe  guarde  agaiaat  nadulatioa ;  far  althoagb 
iu  hand-railing  waa  trnaaed,  It  was  Uio  low  and  alight  lo  be  of  mach  eerrioe  in  ea  Meat  a  apaa 
Xany  other  bridgea  bare  been  either  deatroyed  or  iajnred  in  the  aanae  way.  When  the  faalghk  af  tta 
roadway  above  the  water  admlte  of  it,  the  preeaatioa  may  ba  adopted  of  Uo-roda,  ar  aaehar  roda, 
andar  tta  floor  at  difhreat  paiatt  along  tiM  apaa,  aad  earried  from  tlMaee,  laellaiac  davaward,  la 
ttaabatmaaie.  to  whteh  they  aboald  bo  vary  etroagly  ooaflaed.  In  tta  Niagara  Ballread  brMga  M 
•nah  tiee,  made  of  wire  ropee  IU  Ineh  dlam,  extend  Aageaally  tnm  the  bottom  of  the  brUcob  ta  tbe 
rooks  below.    They,  however,  detraet  greatly  tnm  the  dignity  of  a  skraotnre. 

Mr  Brnael,  la  aome  eaeea,  for  ebeoklag  aadolatloaa  from  vMeat  wlada  atriktag  leaaath  the  plat 
Jbrm,  aaed  aiao  Aieertad  or  vp-curvtrng  oaMao  aader  tbe  floor.  Their  ends  were  atroagiT  eaaiaed  m 
tta  abau  aeveral  ft  below  the  phttformj  aad  tha  aablee  were  eoaaeoled  at  latarrala,  wltt  tha  plat* 
form,  BO  u  to  hold  it  down. 

Art.  S«  The  angle  adg,  or  a  c  i,  Fig  1,  whieh  a  tang  tf ^  or  ei  to  the  curre  at 
Mther  point  of  aeapeaaiea  e  ar  d.  forma  wltt  tbe  ikor  Uae  e  4  or  ehort.  It  aaUad  tlkO  AMf  le  Of 
dlreetAOM  of  tbe  main  ehaine,  or  eablee,  al  tteoa  palaU.    Preqaaally  the  eB<« 


e  A.  aad  4 r.  of  the  obaina.  ealled  tta  baekntayS,  are  earried  away  ftom  tba  saapaaslaa  pfar: 
1aBtralghtlIaea;lawhlehaaaethe  anclealdrt  e«*,flBrBMdbe»wasa  thaharUaaalaadtbaahal 
ItmUt  baoema  the  aaglaa  of  diraerten  ef  the  baakstaya. 


Alneof  aairle  ofdireetton  a^w^  Twtottadtflwtkaah 

^ (twiee the deOeetlea^  -f  (Halfika ahafdyi 

Voti  1.    Tbe  dlreetloo  of  tte  Ung  d  p  or  e  <,  ean  be  laid  down  on  a  drawing,  thna ;  Oestiaae  the 

Mae  •  h,  maMnglt  twiea  aslaac  as  a  b:  thaa  Naaadnwn  f^em  d  ande  la  tea  lawar  aad,  wtU  ha  taaaa 

•athaparaboUaearvaatlhapeblsafeaepeaelaa.  ^^ 

NotbS.  IftlMehOMledbeMOthor,aflao«etlaeetathecMM,iaMaMle 

moat  be  meanircd  tnm  a  bor  Hae  drawa  for  the  porpoMO  at  aaah  aelat  of  eaapaaalaai  ^  iha  cwa 
anglea  will  in  ttat  ease  be  naeqnal,  the  pier*  balag  of  naeqaal  betghta. 

Tenefon   oa    aU   tlio   mala  Hair  the  eaiba  gspeafladwai^  «r  ifea  am 

elialnM  or  eablee,  tocetber, epaa  aad  its  lead;  

at  eltber  one  of  the  piers,  staeof  aagkorlkiMkaadf 

e  or  a,  Fi  V 1. 

••"-'-'--  '^     T-Ttnrapeaaad 


reilBlOB    OB    a|l    tbe    mala        Hag  Uy e»tt w  easpeaded       ^j^^  ^ 


ebalne  or  eablee,  «Oiretber,         2JJ»-Jh..i.ar.pmi  x  ^TSK.Ji'rt;'' 
at  tbe  middle,  b,  of  tbe  —  _^ »*»«>■«  — 3 1. 

spglll,  Fl^  !•  ^^  ^  **^K'*  ^  direatlea  md§ 

Half  the  eatira  aaipended  weight  af  ^  Balf  the 

or  -a  the  dear  apaa  aad  lie  load  ^      a^m 

Twloefhedefleetka 

Tbe  dWbetweea  tha  teasioaa  at  ihe  middle,  aad  attha  pelau  of  aaspaasloB.  U  so  trifflag  wHh  the 

proportloo  of  obord  and  defleetlaa  eommooly  adopted  lo  praetlee.  vis.  from  aboat  vL  ta  JL,  ttat  fe 

le  aaaally  aeglceted ;  Inasmoeh  aa  tbe  aaviag  In  the  weight  of  metal  woaM  bo  tally  TTmiiiiiialiil  for 

by  the  iaofaaaed  labor  of  maanfaetare  la  gradaally  redadag  tbe  disMaelona  af  tha  Aalaaffewm  tba 

-tolnth  of  anaponaion  toward  the  middle ;  aad  ia  prepariag  flttinga  for  parte  of  amav  dUbiwBt  alma 

-m  ladnetlen  has.  however,  bean  made  In  eoma  large  brldgee  wltt  wreagbt-baa  mala  ahalaa:  h« 

■OMI  Witt  W<— — *>J^  im  i  — ■ 


eoenamoK  wRnKmB. 
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ArU9Am  ABttkaonetiiDesoonTeniflnttofoniftnmgiildMAttliemomeotior 
ito  tU*  of  flsblM  nqatnd  Cor  a  Wdia^  m  lOfliMt  th«  Mlowtac  rate  fer  flndlnf  MproziinatelT  the 
cm  ia  aq  tna  of  toltd  Ino  la  tte  vlrtnaidredto  •■■tala,  with  a  Mft^  of  M  tb«  velgbt  of  the  bridn 
Itaalfi  tofctlMr  with  an  eztraaeoog  load  or  1.905  tong  par  fbet  nm  of  apaa ;  wbloh  oorraapoDds  to  106 
Ba  par  aq  ft  of  platform  af  IT  ft  d*ar  aaaflaftla  vUth.  This  rafBoea  tn*  a  doabla  earrtafla-waj.  aod 
*•  foocwaua.  Tha  ddlaatian  te  aaaiuMd  aft  -^^  of  tha  apaa;  aod  Iha  wira  to  hava  aa  altimatt 
Areagth  of  M  toaa  par  lolld  aqaara  laah. 

For  sprnM  of  100  A  or  more. 


+  «fr(i/«M. 


BvLB.    If «H  the  tpaa  la  feafc.  hj  tha  aqaara  root  of  tha  apaa.    OlTlde  tha  prod  taj  100.    Ttt  tha 
|pB«  add  tha  aq  It  of  tha  apaa.    Or,  aa  a  Ibmola, 

4r«ai>faouaaMlalc/aJI  afonXtfrHfai 

far  ipam  aaar  lOO/tert  MO 

Vta*  apana  laaa  tfaaa  100  Ihet,  proportloa  tha  area  ta  that  aft  100  ft. 
XT  a  Oafl  of -^  te  adopted  laatead  of  <^,  tha  area  or  tha  aahlaa  Biay  be  radaead  very  aaarly  ^  part 

The  IbHowfiNr  toble  !■  drawn  up  from  this  rale.    The  8d  ool 

giTaa  tha  aaltad  araaa  or  an  tha  aotaal  wire  eaUea,  i^aa  made  ap,  iaoladiag  toUs.    (Orlgloal.) 


Feat. 

Solid  Ihm 

in  at!  tiie 

CaUea. 

Araaa  or 
all  tha 

PinUhad 
Cabica. 

Feet. 

Solid  Tran 
In  all  the 
Oabiea. 

Areaaor 
alUbe 
FloUhed 
Cablaa. 

Feet. 

Solid  Iron 
In  all  (be 
Ceblei. 

Araaa  of 
•lUbe 

Finished 
Oablee. 

8q.  Ina. 

Bq.Ia.. 

8q.Iaa. 

8q.  In*. 

Bq.  Ins. 

Bq.Iaa. 

1000 

048 

MO 

400 

100 

188 

ISO 

80.8 

88.8 

000 

MO 

880 

860 

84 

lOB 

Itf 

15.8 

83.8 

800 

S54 

sao 

800 

80 

80 

100 

90 

86.6 

TOO 

JIJ 

271 

m 

6ft 

n 

76 

16 

19.8 

000 

m 

no 

800 

48 

64 

60 

10 

11.8 

600 

B4 

"n 

175 

80w4 

48.7 

K 

5 

0.4 

Havlaf  the  arena  of  all  the  aetaal  oaUaa,  we  out  readily  And  their  dlam.    Thus,  aoppoee  with  a 
V«a  or  600  ft,  walatead  to  nee  four  oables.    Than  the  area  oreaeh  of  them  will  be  -j-  =  43  iq  laar 


and  frwB  tha  table  of  drdei.  we  nee  that  the  oorrespondlnK  dlam  la  tall  TK  las. 

Tha  above  areas  are  supposed  to  allow  for  the  laoreaaed  wt  of  a  depth  of  troM.  and  otber  additions 
aeoaaaary  to  secure  the  brldce  from  riolent  winds,  and  from  nndne  Tibratlons  from  passing  loads. 

When  these  considerations  are  neg1e<Hed.  and  a  lesr  raaximnn  load  asenmed,  the  following  deserlp 
tbaa  or  the  Wheeling  sad  Freybarg  bridges  show  «tia(  rednetiona  are  praeiloabla.  Weight,  snffl' 
•iaatlf  prBfidad  for.  u  of  great  serTtoa  la  radnolag  audnlaCloa. 

We  do  not  think  that  dfagoaal  horlaantal  hradng  ahoold.  as  la  nsnal,  be  omlttad  nnder  the  floor. 
It  mar  readily  be  eOteted  bj  Iron  rods. 

All  ibo  oablce  need  uuft  be  at  the  gtdtM  of  the  bridge.  One  or  more  of  them  mnj  be  over  Its  axis  i 
wpeelallT  la  a  wide  bridge.    One  wide  footpath  In  the  oeater  may  be  used,  Insiead  of  two  narrow 

Tbe  platform  oir  roadway  ahoold  be  sUghUy  oambared,  or  ennred  apward,  to  the  extent  say  of  sbont 

f iff  «'*•*•■»"*■• 


i 


woahlO 


to  adToeatc  a  saflrtiy  of  '  agAiosv  lilO  lbs  per  sq  ft.  In  addition 
I.  Be  believes  that  limit  to  be  about  a  sofllolent  one  for  a  pro- 
tor  ordinary  travel ;  but  for  an  Importont  railroad  bridge,  he 
I,  *e)  adopt  a  safaty  of  at  least  from  4  to  0  agalnat  tbe  neatest 
-•'-'  *  '— '-  if  ears  opposes  a  mreat  sarraoe  to  the  aoOon  of 
I,  as  well  as  dorlng  ealms ;  but  a  Urge  ope« 
rwiad  with  paopia  iwlag  a  aavwo  atsna. 
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•  The  writer  mnai  Bot 

la  the  walchftor  the  bridge,  In  all  easea.    ,-  -  ^  ^  .«    -  ^ 

-    Oarinod  wife  suspension  bridge  tor  ordinary  travel ;  but  for  an  Important  railroad  bridge,  he 
<aeeotdIng  to  position,  ezpoenra,  *e)  adopt  a  safaty  of  a'  * — "  ' —  '  *"  "  — '—  *^'  — — — 
aaerihto  load.  aMed  to  the  wt  of  the  bridge.    A  train  of  ears  o 
Ste  wlada:  and  trains  mnat  ran  during  violent  storms, 
^^     -         ^antrafiliaBiOllMrtohadMaeljartwiad 


/oo 


SUSPENSION   BRUKJRB. 


Art.  3.   Tension  on  tbe  back-niayM.  e  h  and  tf  r,  FIff  1.  m 
■trains  on  tbe  piers,  or  towers,  or  pillars.  If  the  angle  of  direction  arfy  aad 


pend,  toaTWT      . 
upoD,  tbe  top*  of  tb«  piers. 


Art.  4.    In  Fir* 
2,  3  and  4,  tk«  pien 

dnwarewppaert  Mkei*' 
morable:  and  tbe  caMa* 
kdu,  penlBii  t^rmr  cbea, 
rest  immedtftf  ^  npea  bwi- 
•onul  rollen.  tAick  kmt  m 
MMsr  mtUm  tkmm  tkm  Vfe- 


m  ;  tte/mia  f  wMck 
iktg  ejv  nffacberf  htiitt  ^tlt- 
•d  to  tM«  top  •/ tM*  mi^r.  O* 
tbeee  roUcn  tbe  oikMce  aMa, 
vben  cbaoge*  of  loaAac 
or  of  tcapcratara  praiam 
ebaafee  in  tbeir  4lreeda— . 
In  tbU  eue  the   t«n« 

slon  on  tbe  back- 
stays U  equl  te  tbacea 
tbe  aiaia  eaMe.    See  P«ale> 
alar  MaoblM. 
To  find  tbe  dlr«eUaa  mU 

uaoBot  of  tbeprcaanro 
on  tbe nler itrom d. 

Pig  t.  S  or  T.  laj  oir^a  omi 

d  r,  eeeb  eqaal,  by  aeala.  ta 
tbe  teaslon.  la  to«a,  on  tbe 
BMia  obala  at  4 ;  aad  fraai 
and  r  laj  It  off  lo  •.  In  otbat 
werda.  draw  tte  pnmiiela 


aramdeer,  I  _  __      

3  V.  Tbea  vtU  4  •  five  tbe 
dirtetion  and  mmount  ot  ibe 
preaaore  npoci  tbe  pier. 

Wben.  aa  In  Ktc  S,  ae 
angles  a  d  f  and  rd  m  are 
etMal,  tbe  praaaare  d  v  vfl 


enr<r«  welgbt  ef   lae  dev 
•paa  and  lu  load. 

Wbea.aalnKlg8Saad4» 
tbe  angles  a  d  f  nad  f  d  a  are 
aastaef.  tbe  nraaeare  d* 
vlll  not  be  rertieal.  bat  «ll 
laellBe  fToB  d  lavard  iba 
aualler  angle. 

Wben.  as  in  Fig  Lady  oseocds  I  d  w,  the  pressnre  d  v  will  te  lest  tban  tbe  entire  walgkt  ef  tbe 
tfear  tpan  and  its  load- 

When,  as  In  Pig  4, 1  d  M  exeeeds  a  d  9,  the  preasare  d  v  will  bo  frsaler  tbaa  tbe  oatiro  wdgki  of  tbi 
elear  span  and  its  load. 

If  we  suppose  sjmmetrieal  piers,  d  a  «,  to  be  used  in  eaeb  ease,  tbe  base  m  a  of  tbat  in  Ptg  S.  tmf 
be  muob  narrower  than  in  tbe  other  two  Acs  ;  beoause,  the  direction  of  d  *  being  rertleal.  tba  pt«  — 
bas  no  tendeney  to  orertnm  the  pier.    In  Pig  S.  tbe  masonrr  ef  tbe  pier  sbonid  be  laid  ta  the  i 
borisontal  courses,  in  order  that  its  bed  Joinu  may  be  at  right  angles  to  tbe  presanre  apea  tbenk 
Bat.  in  Pigs  S  and  4.  ifthe  bases  were  made  aa  narrow  aa  In  Ptg  S,  tbe  liaea  of  direction  da.  eCtbe 


presaure,  woald  fail  onulde  of  ihem ;  and  tbe  piers  would  consequently  be  in  danger  of  oTortamlng. 
Also,  tbe  stones  of  tbe  masonry.  If  laid  In  borisontal  eoursee.  would  bave  a  teadeo^  to  elide  en  eaeb 
other.    To  prerent  this,  tbe  beds  should  be  ai  right  angles  to  d  v. 


In  Pig  S.  the  obliquitr  of  tbe  pressure  would  tend  to  slide  tbe  baoe  of  tbe  pier  « 
by  tbe  arrow ;  but  in  Pig  4.  inward.  This  tendrney  is  produced  bv  tbe  horiMontml  oompoaoateC  tbe 
force  d*.  The  amount  of  this  may  be  found  thas,  in  either  Bg:  Prom  d  downward  draw  a  vert  IliN 
■a  in  Pig  4 :  and  from  »  a  bor  one.  meeting  it  in  m,  then  *  a,  measarod  bj  tbe  aame  aoale  of  to^e  aa 
before,  will  giro  this  horisontai  force,  and  d  m  will  give  the  Tertical  component  of  tbe  praaaare  d  •. 
Tbe  eflbct  upon  tbe  pier,  of  the  one  pressure  d  *  is  precisely  tbe  sanM  as  woald  be  prcdnoed  npoa  It  hf 
one  Tortloal  force  equal  to  d  a  and  a  horisontai  one  equal  to  s  e  aeting  at  tbe  aaase  time,  aa  enplaiaed 
under  Compoeitlon  and  Resolution  of  Poroes. 

If,  In  either  fig.  we  draw  tbe  Tort  lines  sp  snd  ro,  see  Pig  4,  tbend  e,  monad  by  tbe  Ibregolag  aenK 
will  glre  tbe  tons  of  horlsonul  pull,  and  r  o  the  Tertical  pressure,  produced  on  tbe  pier  1^  tbo  bnsfe> 
stsy ;  and  p  d  and  p  s  wiu.  In  like  manner,  giro  tbe  eorrespondiog  forces  prodooed  by  tbo  naia  ehaia. 
If  we  add  together  r  o  and  p$  they  will  be  found  to  be  equal  to  d  s.  and  if  we  subtraet  d  •  ttmm  p  d, 
tbeir  dlllbrenee  will  equal  v  t.  It  is  this  dilTerenoe  only  that  tends  to  slide,  or  to  upeet,  the  pier ;  tht 
other  porUons  of  d  o  and  p  d  neutralising  each  other  In  tbst  respccu 

Tbe  foregoing  strains  may  all  be  calculated,  thus: 

Horiaontal  pnll  Inward  hr  the  main  ehain  zTeaHea  x  Oaaiaa«radf 

V«..«lsLl  «.«—!*      •"•^•■^  '^^Jt^?  back-stay  =  Tenrioa  X  Ooeteoori da 

Tertical  pressnre  by  main  cbain  =  Tension  x  aiaeor  «de^ 

*^       •^  back-stay  Dijfc    ci^Mioaxatoooridr 


ouotrisnoiuiM   iSKUJUjgB. 


Art.  5.  If  the  cablet  p«n  freely  orera  loose  pin,  d,  Fig 4  A,  Rnpporr«>4l  bv  a  link  i. 
iaaclnc  from  tlie  fixed  pin  m,  ftod  oapabte  of  moring  ftvcly  about  both 

«r  lu  pint ;  tbe  tciuion  in  (be  bMk-Knj  will,  m  beforo,  bo  oqaal  to    __,  r 

that  la  tbe  main  e»ble:  and  the  diieetion  and  amoantof  tbe  strain     Fl£.4  A       r  ..-T" 
ea  tke  plera  will  bo  foand  in  tbe  uhm  waj  u  for  Figt  S,  8  and  4;  kPOi 

nmmmXj  i  laj  off  rf  •  and  d  r,  eaeb  oqaal  lo  tbe  tonaion.  and  draw  tbe  f*ffMr 

pMralielocramrfcvr.  Tbcn  wiU^osiTotboaowantaaddlrootion  of 
iba  atraia  on  tbe  piera.  TMa  laat  will,  ofcoorao,  be  tranwaltted  tbrougb 
tbo  pina  aad  Iboliak.  Tbe  aaaoanior  tenaioa  on  tbe  link  will  be  gireD 
^  she  teogtb  of  4  v:  aad  tbe  lUk  (being  ftee  to  move)  wlU  be  in  lino 
erith  thin  tenaioa.  Tbeaboafingatralnonaaobpin  iaaUoglTen  byd*. 

Art.  6.    Bot  if  the  ends  of  the  cable  and  back-suy, 
Ftga  4  B,  4  C  aad  4  D,  at  tbe  top  or  tbe  pier,  be  OMife   '    ' 


or  wncoo  shleb  ia  rapportcd  bj  rollers  on  a  imootb  platform  on  top  of  tbe  pier,  tbe  axles  of  t't 
roUcra  bring  Aiod  in  tbe  traek  ;  tben  tbe  strain  on  tbe  back-sta;  wUI  not  be  tbe  same  as  that  on  the 


I  f«MV 
piatfori 


to  a  truck 


strain  on  tbe  baek-sU;  will  not  be 
■e  eqnal,  as  In  Pig  4  B. 


enble,  nnlms  ilm  angles  «  d  f  and  I  d  n  are 

If  a  4f  ezoeeda  !#«,  aa  la  Fig  4  C,  tbe  strain  on  tbe 
bnefc-etaj  will  bo  lass  tbaa  tbatoa  tbooable,  and  Tioe  versa 
(Fig  4  D). 

Bat,  la  either  ease,  if  tbe  top  of  tbe  pier  Is  borlxontal. 
aa  la  aaanllv  tbo  ease,  tbe  horlsontal  eomponenu  of  tbe 
swaine  on  the  eabloe  aad  ea  tho  boefc-elajs.  will  be  eqaal, 
nod  will  tfana  eoantoraot  eaeb  otbor.  and  there  will  eonse- 
qnenMj  be  ae  borlxaotal  or  oblieae  stnia  on  the  pier. 
ThBtIa,  tbe  strain  on  the  pier  will  be  vertleal. 

To  And  the  amoant  of  the  ten- 
iiloB  on  thebaeh-staj.andoftheprea. 


■are  on  the  pier;  on  dg  in  either  Fig.  4  €^       J^ — <=5\_         O  0 

B.  4  G  or  4  D,  laj  off  rfs.  eqaal,  by  sealo,  to  tbe  tension  -"Tft-;- — ^ffcrr-y-T — • 

ea  the  enble  at  rf.    Draw  4  *  poneadienlar  to  the  snrfaoe  _^-5*?Wnt^--^^          "«r-W 

maoowbieh  tbe  roUcra  rest.    Wo  assnme  that  ma  is  ''^^:^2ZSLLJ^          71            T 


a  is 

aonaootal,  ee  ie  goaemlly,  hut  wei  asesmorfl^.  the  eaw : 
and  d  V,  thcnfore,  vertfeaL    Draw  s  *  horlnoatal.  or  par- 
allel to  ma.* 
Tbea  «  «  wni  give  tbe  borlaeotnl  pnll  of  the  main  eablo 
wagon,  and  d  v  will  fi^^tbe  verdoal  prrssere  of 


tbe  tower  (to  whiefa  that  of  tbe  wheel  rf*  hNs 

beadded).  FromcT  lay  offd'oborlsoatal,  and  equal 

to  e  o;  and  draw  ro  rertieally.  Tben  cTr  will  give  the 
aBMoater  the  pall  on  tbe  beok-sUy;  aad  ro  will  gire  ibe 
fonleal  presaore  of  tbe  wbeel  iT  on  tbe  pier;  wbieb 
maat  he  added  to  d  v  for  tbe  tofoi  Tortloel  pressure. 


middle  of  span 


Or  Che  rarlooe  strains  may  be  eatealered,  thns: 
Moriaontal    p  n  1 1  )      ««.,,^,.,  „.  „ .. 

top  of  tbe  pier      j 

Stmin  d'r  In  bach, 
stay 

Pres  on  pier,  perp  >  /t 

tosorfoa  whleb  tlm  ret  f  sjv4-res( 
Icrs  rest  3  \ 


{ 


.  Tenvloo  d«  iu 
oaMe  at  d 


\  ^  Horiaontal  pan  s  vor  d'o  at  top  ef  .  p.^-,  _,,^-. 
/=        pier,  or  at  middle  of  spaa        +CoaiBeori#a. 


8lneer\  .   /Tenafaa  drr  ^ 
mdg  J~  V,cn  baekstoy  ' 


?f) 


rngAF 

.  J!^  VigA  B       Art.  7.    When,  ae  is  somotimei  the  caee  in  light 

Wt  bridges,  tbe  piers  are  posu,  P  Tig  4  R,  of  wood  or  iron,  binged  el 

tbe  bottom,  and  bavlnc  tbe  cables  and  baek'Stays  Srmly  Oxed  to 

,  .    ;  fhmi  d  draw  d  $.  eqnal.  by  seale.  to  tbe  tra»ion  on  the  main  eabic  at  d ;  and  d  w  toward 

the  foot  of  the  post.    From  t  draw  s  r  parallel  to  the  hoek-atay,  and  meeting  d  iv  lo  r.    Tben  will 
strain  In  t'^     -    -  . 


tr  give  the 
Ihepeet. 


1  tbe  baok-stay,  end  d  r  will  give  tbe  amount  and  dirsetlon  of  tbe  pressure  apoa 


Art.  8.    Ae  in  the  Nlagnra  bridge,  the  cablet  often  merely  reet  npon 

mnrshlf  tmeks,  or  saddles,  T  Fig  4  F.  earved  on  top  to  avoid  sodden  bends  In  tbo  cables,  and  rsating 
apoa  ieoae  rollers  wbieb  lie  npon  a  tbiek  horlsontal  iron  plato  bolted  to  tbe  top  of  tbe  pier,  and  are 
f^ne  to  move  borlnmtally.  In  snob  eases  tbe  sngles  adg  and  I  d'u  sre  made  equal ;  »o  that  tbe  pnl^a 

e  The  llnca  al  sad  «  v  mast  be  diawa  p^roOH  to  tU  mr/itf  m  a  ea  wMe*f*«ir«igoa  mfs.whethef 
oald  sarCsce  be  borlxoatal  or  lacHaed. 
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8U8PEK8ION   BRIDGES. 


Art.  3.   Tension  on  tlie  back-si 


■trains  on  the  piers,  or  towers, 
(be  angle  I  d  r.  betveeo  (be  b«ol    ' 
back'ttavs  will  be  equal  to  Uxafc 


tavs  will  be  equ 
rill  be  veitieal ; 


ick-stajns.  e  h  and  a  r,  Fijc  1.  a 

or  pillars.  If  the  angle  of  direction  «4<y  a 
borlaoutal,  are  equal  to  eaeta  other,  the  tcAiioQ  oa 


k-ita^s  and  the  borfaoutal,  are  equal  to  each  other,  the  t 
on  the  main  oablet  at  tbe  tops  of  the  piers ;  and  (ha  pn 


piers  will  be  vortieal ;  bat  If  the  (wo  angles  are  unequal,  then  these  tensions  and  preassrcs  viti  de- 


pend, to  a  Terj  Importanl  extent,  npon  the 
upon,  the  tope  of  the  '' — 


J 


whioh  the  ehains  or  eablee  ar«  fixed  i*.  er  taM 

Art.  4.  In  Tign 
2,  3  aod  4,  tlse  pt«n 
d  M  »  are  anppoMd  !•  he  ta- 
ntorable:  snd  the  eaUo 
kdn,  paaain*  ovot-  thai, 
rest  (mmedla,*  >  apea  hm- 
wntal  rollen.  ^kiekham  m 


tmi  «MM  ;  tkmfirumm  to  sMck 
a<f  oru  aCtaeh«rf  fteaif  «•» 
edief*«ie{pc/th«S.  Oi 
(heee  roller*  the  cmMes  B&ta. 
When  ehaages  of  lamtm 
or  or  (enperMare  imdaes 
•hangea  la  ihair  dit«edaML 
In  this  oaaa   the   t«i* 

slon  on  tiae  back- 
stays la  eqaal  te  ihaise 
the  mala  cahle.  See  Foaie- 
Blar  Maehlae. 

To  find  the  direedoa  ss4 
aneant  oTthenrcssorS 

•■»*?•  !*!*'♦ '^* 

Pig  t,  S  or  4.  laj  off  rf«  set 

d  r,  each  equal,  bj  erels.  tt 
the  leaslon,  la  teaa.  ea  tbr 
BMla  ohala  at  d ;  aad  ft««f 
and  r  lay  K  off  to  v.   la  eiaai 


e  open  the  pier. 

When,  as  la  Rig  %  Of 
angles  rndg  aad  Tda  sm 
ff  MoX.  the  preeeare  d  *  «fl 
be  vertical,  aad  a^esl  ta  tM 
ea«re  weight  e(  the  etssr 
•pan  and  iu  lead. 

Whea.aalarisaSaadt. 
the  angles  a  df  aad  I  d  a  are 
tmsfttei,  the  preeeare  ds 
will  not  be  rertleal.  bet  wil 
laellae  froia  d  tavard  the 
saialler  aacleB 

When,  as  In  Fig  S,  a  d  g  eacecdB  I  d  «,  the  presiinre  d  •  will  te  fast  than  the  entire  waicht  ef  tte 
Sear  spaa  aad  its  lead.  w^«a"»  ••  «— 

When,  as  in  Pig 4,  Ida eioawla  ad ff, the  preasare  dvvlll  be frealcrthaa the aatiia weight eTtta 
•lear  span  and  Its  load. 

If  we  suppose  syninetrleal  piers,  d  n  «.  to  be  need  In  eaoh  oase,  the  base  ■»  a  of  that  la  P|g  1.  mm 
be  much  narrower  than  in  (he  other  two  Bgs :  because,  the  direction  of  d»  belug  rwUeal.  the  pran 
has  no  tendracj  to  orertnm  the  pier.  In  >lg  %  the  masoorr  of  the  pier  shonld  be  laid  la  the  aaari 
horiiootal  eourses  in  order  that  rts  bed  Joints  may  be  at  right  angles  to  the  pressure  apea  iheaT^ 

presaure,  would  fall  ouulde  of  them }  aad  the  plert  veuld  eooseqnentlj  be  in  danger  ororrertarafaa. 
f.wl  **>•■"»«»•»  of  "»•.  ""onrj.  If  laid  la  horisontal  courseaTwould  bare  a  tendeocr  to  alldeea  eeS 
•*^«'™  T?  P'«^«"«  «»>1«.  *»»•  bed*  should  be  at  right  anglmto  d  v.  «•■■•■- 

In  Pig  a.  the  obllqultj  of  the  pressure  would  tend  to  slide  the  base  of  the  pier  ea^ 
by  Iba  arrow :  but  in  Pig  4,  Inward.  This  tendency  Is  produced  by  the  Aortsentel  e 
'•T*  -.•• .  The  amount  of  this  may  be  found  thus.  In  either  Ak  :  Pnwn  d  downwat^ 
aeln  Pig  4;  and  from  *  a  hor  one.  meeUug  It  In  *,  then  v«,  measured  by  the  same  aoale  of  tov  as 
before^lll  give  this  horisontal  force,  and  d  m  will  give  the  venioal  component  of  th«  piaaearad" 
^''••ft?*  "Pp°  **>«  Pl^'  <*' ^*  OB*  Prnsure  d  » Is  precisely  (he  same  as  wwuld  be  prcdm^danea  it  to 
one  rertioal  force  equal  to  d  a  and  a  horisontal  one  equal  to  ea  acUng  at  (he  saoM  Uaie.  aa  mWeS 
under  Composition  and  BesoluUon  of  Porces.  — -t  —  «ipwe«« 

J/'i."  ••.*?*":  '«•  •j'^'^*  the  rert  lines  s  p  end  ro.  see  Pig  4,  thend  •,  mcasd  by  the  fbtaaalag  aeala 

rill  rlre  th«  lona  nf  hArlcnntal  nnll    .nit  •  .  *K>  ->.*l^.i  .Z^ !■ ■ \v r T*^?*  y™!™- 


The  foregoing  strains  may  all  be  eaJcHlated,  thus: 

Horlaantal  pnll  Inward  bir  the  main  ekain  rrT^rfea  x  Oeataaer«d« 

▼erti<^l  nresrnr;V7iM«HhSl"^*''-^*^=^"''"^^2:^-^^^ 
Ter«ieai  pressure  bjr  »»«f  J^/^^Ib  Digitize  =  Tensi-  x  Si-  f  .  d,. 

STMitoaXSlMarida. 


back-stajr 


8UBPENSION  BBIDOEB. 


7e» 


Art.  5.  If  the  cablet  p«n  freely  orer  a  loose  pin,  d.  Fig  4  A,  Ritpportf^il  by  n  1 1nk  F. 
feaaflng;  Trmr  **—  *— '  -'-  ?.  Tinil  -ipsble  of  mo? log  freely  aboat  both 
pf  iu  pib* ;  .  .     K/  will,  M  before,  be  eqoal  to    _,, 

tJbiAt  in  ihr  ^uu  LJUHc.  viK'i  itikr  >nr>-r^ioo  ftiid  aatoaot  of  tbc  stralo     c]£r*4  A 
en   Lbe  (»ier»  viili  b«  rvuu4   id  l-bc  ianie  «oj  u  for  Flge  S,  8  Kod  4; 
]i&iu*Jj;  1AT  iitj  fj[  M  ftod  4  I',  r-uli  rquiil  to  the  tenaloD,  ond  draw  the 
phTBiirfetf  r«iQ  liter,    Tbiitu  win  4  r  :^\'/9  the  anoQDt  and  direotioD  of  ^^^ 

t^  BM^ii  oti  Uie  [i^ef*.  Thli  1%*t  *EII',  T'T  ooarae,  be  transmitted  tbrough         e^^ 
tb«  pim  «ud  il<Q  I  Inlc.  the  anjnuut  e^t  t''»o*lon  oo  the  link  will  be  glren  S  \ 

^  KM  l«tiKiti  iff4v,  Abd  Mi*  iLuk  [l>.iu(  rtwe  to  move)  will  be  in  line  ] 

wtUitbb  icutigEi.    I  lie  fhi.^nuj;  ite^rniu  >>neaohpin  ii also fl Tea  bj  dv. 


Art.  6.    Bat  if  the  ends  of  the  cable  and  back -stay. 
Figs  4  B.  4  C  and  4  D,  at  tbe  top  of  the  pier,  be  mad*  /a*t  to  a  truck 


V 

leh  la  •npportcd  bj  rollers  on  a  imootb  pTatform  on  top  of  the  pier,  the  axlea  of  t'( 
roUera  being  llced  in  the  traok ;  then  the  strain  on  the  back-itaj  will  not  be  the  game  as  that  on  the 
eable,  oataas  the  angles  adg  and  Iduaat  eqnal,  aa  In  Pig  4  B. 

If  a  rfg ezeeeds <#«,  as  la  Pig  4  C,  the  strain  oe  the 
baek-May  will  be  lees  than  that  on  the  oable,  and  vloe  wna 
(Pig  4  D). 

Bat,  In  either  ease.  If  the  top  of  the  pier  Is  horiionUl. 
mm  la  nsnallT  the  case,  the  horlsontal  components  of  tbe 
a«rmina  en  tae  eablee  and  oa  tbe  baafc-atajs,  will  be  eqnal, 
and  will  thna  oonnteraot  eaob  other,  and  there  will  eonse* 
qocotlj  be  ao  bortaontal  or  obiiqae  strain  on  the  pier. 
Tbat  is,  the  straia  on  the  pier  will  be  TertloaL 

To  And  the  amoant  of  tbe  ten- 
sion on  Ibeboek-stajr.andofthepres- 
•are  on  tbe  pier;  on  dg  in  either  Fig.  4 
B.  4  C  or  4  D,  la/  off  ds.  equal,  bj  seale.  to  the  tension 
on  the  oable  at  d.  Draw  d  v  perpaadieular  to  the  sorfaee 
■•MOBVhIeh  the  rollera  rest.  We  assoase  that  «n  is 
borlaontal,  as  la  generall.r,  bmt  nol  neecss«Hljr.  the  ea*e : 
aad  d  V,  Ihenfbre,  rertleaL  Draw  $  a  horlaontal,  or  par- 
allel to  ma.* 

Tbea  «  *  will  give  the  horizontal  pell  of  the  main  oable 
an  tbe  wagon,  and  d  v  will  giTe  tbe  vertieai  pressnre  of 
cbewbedclon  theiower  (to  wbleh  that  of  the  wheel  rf*  has 
yet  to  be  added).  Prom  (f  lay  off  dr  o  borlaootal,  and  equal 
to  a  a;  and  draw  re  ▼ertieally.  Then  d'r  will  gire  the 
naanatef  the  pall  on  the  baek-etay ;  and  ro  will  glv«  the 
wertieal  prcsaure  of  tbe  wheel  d*  on  the  pier;  wbiob 
■loat  be  added  to  rf  v  tor  tbe  ioUU  vertical  pressnre. 


Or  the  rarlons  stralna  may  be  eaJeateleiC,  thna: 

^^r'lSI'w^  ma  7hi  I  _HoriionUlpullat_Ten»ion  d$  in  vno-iB*«f-rf- 
fop  Of  the  nier        )         "****•  *    "^"    ~      "*"•  "  **  Coelneof  ad^. 

•tmlncl'rinbaek-  I  „HoriioBUipunsaor«roattopof .  «^,,„«,,^„ 

Stajr  X  ^        pier,  or  at  middle  of  span        +  Coalae  of  I<r  a. 

Pros  on  pier,  perp  ^       .     .  /Tension  d$ 


Co  aarf  oa  whleh 
Icra  rest 


'ie'^E  \  =  Je  +  ro  =  f  •or'mdn-  X  «-??' 
3  V    eableatd       ••' 


)H 


TensioB  dTr  y  Blaee 
,CB  baek-siay  ^    14*11 


gbair  topo;  fkomifdraw  dt. 


VigA  B       Art.  7.    When,  as  in  wmietimei  the  caae  In  light 


Idgee,  tbe  pfera  are  poets,  P  Fig  4  R,  of  wood  or  iron,  hinged  at 
the  bottom,  and  baTlntr  the  cables  and  back-stajs  Srmiy  Oied  te 


(be  Iboc  of  tbe  poet, 
a  r  give  the  s«ratn  In 


|aal,  by  seale.  to  tbe  troiilon  on  tbe  main  cable  at  d;  and  d  w  toward 

raw  $  r  parallel  to  the  bsck-Htay,  and  mectlnff  d  w  in  r.    Then  will 

the  back-stay,  and  d  r  will  glre  the  amoant  and  direction  of  tbe  preasnre  npca 


Art.  8.    At  In  the  Niagnra  bridge,  the  cables  often  merely  reit  npon 

■serable  tracks,  or  saddles,  T  Pig  4  P.  carred  on  top  to  avoid  sadden  bends  in  tbe  cables,  and  roattng 
•pen  loose  rollera  which  lie  npon  a  thick  horlsontal  iron  plate  bolted  to  the  top  of  tbe  pier,  and  are 
free  to  more  horixontally.  In  soeh  cases  the  sngles  adg  and  I  d'a  are  made  equal ;  lo  that  the  pnl^a 

9  Tbe  Hncs  a  I  and  $  v  must  be  dtawa  petralM  fo  th*  mt/bf  m  a  oa  «MeAfheir«igea  resfs.whettMf 
«ald  sorfaee  be  homoatal  or  Inclined. 
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4 1  nd  J*r  w««q«al.u  axtalM  «Mr  fe«ito«itel  vamnrntt  pd  — <  <r  •  *  — < 
pier  are  rertloiU ;  Md  if  ohantw  of  wpfMuw  Mr  cf  l«diiif  prodaoe  sllihc 
■  4^uidl(Pmib«  tmok  vill  <b7  rMMos  of  ik*  iMswUtr  Uiw  broa^t  alu 
;H»taI  oompooeaM)  ■»?•  Hr  mimflk  «»  rwtera  tk«  •quaUty  bMwwa  um 
horlaooMl  opbpomdu,  aod  eoMMiwntfj  Um  pr«Miii«  «p«B  tiM  pl«r  will  at 

Art.  9.  To  find,  approxInMileljr,  the  length  oTa  mala 

•  ft4|  Fft.l:haTl»f  «haqMBt^MidttesMdtedBa«*.    8m  prMNdiac uM*.  An  1. 


Is  pi 


In  Mcnai  MdM  th«  ebord  ed  b  57*^4  ft :  and  the  deil  U  4S  ft. 

Aeoordlof  la  ib«  abora  fbraiala.  tba  anOf*  leof Ua  U  WBJ  fcei.    fa  aetnal  WHaiBiwut  A*  « 

-traoiwlj  600  rbat.    Tbe  approzf mat*  rala  below  sfrea  5».7C«  ft. 

lOTt.    Tba  iaactba  obuioad  b/  tbU  rala  art  oolV  apprezlmata,  b 

"  B  •upposluoD  tbat  tha  ebalos  form  a  parabofle  eurva ;  vbaraaa,  ta  ftet.  iba  eanp«  afa  I 
tnaiiberp — '"' *"■     ''* "' ■ 


bridfe  Is  natiber  prcetwiy  a  parabola,  aor  a  emuoarj.  bat  tntaroMdlate  of  tbe  two. 

Tha  foUowlof  eimpla  rule  bj  the  writer  la  qutta  aa  appraslaiata  aa  tha  Ibrtgolac  ladtava  aaay 
vlian,  aa  U  ganaffalljF  tha  oaaa,  tha  dad  la  nai  gratear  Uhui  ^  of  tha  ahard,  or  opan. 

Langth  of  omUb  abato  wbao  dad  doaa  doi  exoead  ene-twalflb  of  tha  epaii  =  chord  -f  .n  4aC 

Art.  10.  To  anil»  approzlmateljr,  the  leu^Ui  of  the  T«rt 
Bimpendinfr  rods  ory^  *e«  Fly  1 1  MMoniMff  the  carve  to 
be  a  parabola. 

Lati^Plf  1.  baaafpotatwhatorarbthaaarre;  aiid1at««»bairavapan»tatha  Obartedi:  oMi 
K/p«rpto«ft:  than  la  an/ parabola.  aa«c>  :  ««•  :i  «»  t  »/.  Andk/thaa  temd.  added  la  »«, 
(whlob  U  soppoaad  to  ba  alreadr  kaawn,  being  the  lengtb  daoldad  on  for  tha  BlddlaaaspoadlM  i«dj 
givaa  xfi  the  length  of  rod  raqd  at  tha  point  K|  aadaa at  aaj  attar  palat. 

ir  6/  thnM  roniMl  be  taken  fVoni  the  middle  deflection  gi  b» 

^        it  leavi'M  tr  Jr  ;  and  tliui  auv  dvflaction  lo  s  of  Uie  main  chain  or  cable,  maj  to 
^       fouad  when  we  know  Its  hor  dUt,  •  w,  nnom  tha  oaatar. «.  of  tha  span. 

In  the  roreffulug  rule,  the  floor  of  the  bridge  Is  suppoeed  la  be  Mraigbt :  hat  gaaaralij  U  la  raised 


^ 


tbe  center ;  and  In  t  ^_, 

and  tha  rsqeWta  dadvailons  ba  made  aftrrward.  Whaa  U  risaa  In  twa  stimaght  Uaaa  isstlag  la  the 
center,  tba  method  of  doing  this  is  obTlons.  When  an  arc  of  a  circle  is  nacd,  lu  ordlnaioa  ■•*  ba 
calealated  and  deducted  from  the  laaa ths  ebtaiaad  bj  thia  ndr. 

Or.  haflng  drawn  the  ennra  bv  tha  role  for  drawtng  a  paniliain,  the  algieoslsns  can  be  appiBi. 

tmatcd  to  br  •  Male.  Tba  adiostmaats  to  thajireetos  laagtba  moat  ba  made  during  the  nosoal  aaa> 
•iniotiou  of  the  bridge,  bj  neani  af  nou  on  their  bwar  s«aw-andSf  Tha  loda  rsqalva,  thaaakn^ 
only  to  be  made  Um/§  enetipih  at  Brat. 


Tbe  towers,  piers,  or  pillars,  wbieb  npboM  tho  nhnlaa  or 
cables,  admit  of  an  endless  variety  In  desl|rii*    Aoeordlng  to  dr^ 

cnnstanars,  thej  nuy  oonsUt  each  of  a  singia  Tortieal  plaoa  of  timber,  or  a  pmar  of  oast  or  vraqghi 
Iron ;  or  of  two  or  mora  soah,  placed  obUqndj,  aitbor  with  cr  wUhoot  ooaaantiac  pieaca;  liha  the 
beau  of  a  trestle.  Or  the/  maj  be  made  (with  aa/  degree  af  or- 

namenutlon)  of  cast-iron  plates «  as  la  toon  hoasa-froats.  Or  th^  omj  ba  of  MMsmy,  hrtsfe.  ar 
aaacrote;  ar  of  an/ of  thaea  combined. 

Eaeb  of  the  suspendln^^rods,  throogh  whioh  th«  floor  of  tbo  brliga  ia 

aphdd  b/  tba  main  chains,  rsqolres  moral/  straagth  aulDdeat  to  snppart  salU/  tha  ai  aalsst  lead 
that  can  come  apoa  tha  latorrsl  batweea  It  and  halr-ws/  to  tha  aaafsst  rod  oa  aaeh  alda  of  tt;  la* 
dlnding  tha  wt  of  the  platform,  Ac,  along  the  same  interraL 

In  anehorlnar  tbe  baefcstajs  Into  tbe  frronndt  it  to  seeeamy  ta 

Oscars  Ibrtham  a  aaOottntl/ eats  laslstaaoaaoiBSt  a  pan  equal  to  tha  fUala,       apaatkabaafcaa^. 
As  to  the  ancborace  of  tbe  cables  TmIow  the  mxrfkoa  of  Um  grosBd, 

natural  rock  of  drm  character  is  tha  most  fsrorabla  material  that  can  present  Itself.  ITkan  it  la  ael 
present,  serioos  axpansa  la  maaoor/  must  ba  laoorred  la  large  spaas,  la  ordar  ta  seeara  tte  aaaaasarr 
weight  to  resist  the  poU  of  the  cables.  Oar  Figs  i,yi  give  Ideas  of  tha  modaa  moat  firaqaMUj  sJspiaL 
For  a  TctT  email  bridge,  each  as  a  short  foot-bridge,  Ibr  lastanoe,  tha  backsu/s  ma/  sfaapty  ba  aa* 
chocad  to  large  stones, C.  Fig  A,  burled  ta  a  snflMent  ^pth.  Or.lf  the  pnU  Is  tea  graal  Mr  aa atmals 
a  precantlon,  the  block  of  maeonr/,  mm,  ma/  be  added,  endoetag  the  baoks^/.  A alaaa  aosarbg 
af  the  mortar  or  cement  of  the  masonrr  has  a  protecting  eflbct  upon  the  trea. 

To  arold  the  necessit/  far  ezteadlag  the  baoksia/a  to  so  great  a  dist  n«derfWa»i,hiyamaamBy 
cnrred  near  where  the/  descend  belcw  the  snrfboe,  as  shown  at  B.  D,  and  K;  so  as  aeeaar  la  read 
the  reqd  depth.    Thk  carving,  howarer.  givaa  rlaa  to  a  new  otraln,  la  Iba  dtoaetlca  ahttva  k/  the 

arrows  ia  Figs  B  aad  D.    Tho  aatare  of  this  atraia.  aad  tha  mode  of  flndlag  Its  amoi —   ** * — 

the  pall  oa  tha  backsta/,)  ars  Terj  slmpls;  aad  AaU/  enlalned  under  the  head  of  I 


ahina.  The  masenr/  must  bs  disposed  with  raferenoe  to  resisting  this  strain,  aa  wdl  as 

that  of  the  dlraet  pull  of  tba  baoksta/.    Wfth  this  view,  the  blocks  of  stoaa  aa  whloh  tha  bead  rssls 
ahoald  ba  laid  la  the  posittoa  showain  Fig  O ;  or  b/ the  single  block  la  Fig  B.    Somettaaaa  tba  bead 


le  made  otct  a  oasi-Iron  chair  or  ■taodard,  as  at  x,  rig  F,  flrmi/  belted  to  tha 

Pig  B  shows  tha  arrangement  at  tbe  Niagara  rail  wa/  bridge  of  8Zl  )^  ft  spaa.    Tha  apftra 

«id  at  CO}  and  ftaai  there  down  ta  tbeir  anchors,  the/  oonslst  of  haav/  ohalaa;  aaoh  Itak  af  wbieb 

4i  eempeeed  of  (altetmalal/)  7  or  8  parallel  bars  of  flat  Iroo.  with  e/e  cads,  thrau^  wbkb  paaa  balm 

Bash  arUM  7  bare  of  aacb  Uak  Is  1.4  Ins  thtek,  b/  T  lao  vMs^  near  «hi 
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.  Vut«r  tha  Aata;  tat  ttaj  pwdMar  teiTMM  fk« 

■alto «i«h  tte  vira eaUe,  Um moHmiaI araaof  Moh  ItaA liie «4 

•  emm  ttanmcli  the  maaiiTe  appraMh  wmU*.  (38  ft  high,)  and  ' 

ft  dem  te  tk«  aolld  roek.    Hew '" " ^  ^" 

ft»cdKcl«w 


»f  aboltS] 
•f  aboBtW 


Ik.  Hero  Umj  mm  throusli  Um  eaat-lroQ 
IM  lo«  diaa.  The  asehor-pUte*  an  §H  i 
»faMb7«lM»  BttbaeaMarwkOTatliaal 


»«pw»i<,iitfl  ate,e,wlMN  lh«y 

laa.   TbewOlialabaoknaTspaMin 

•oend  rertieally  down  ihaha  «, «,  16 

•platca,  to  whieh  tbar  are 

aadtKtaatMak; 


•halaa  paaa  (kvMfli,  trtera  thiqr 


Throof b  thla  thkk  pari  ta  »  aeparato  «p«n|nf  for  eaeh  bar  Mopoilog  tbe 
ProB  (his  part  at«D  radlato  to  th«  outer  adfet  of  the  lowtr  face  of  the  plate,  elcht  rihe,  iH  ioa  tklok. 


,  ^ , . — jFTof  Oiea 

aboT«fr««Bd ;  aod  U  6  ft  tbiek  at  top.  and  10}<  ft  thick  at  li 

- ,  ....  .  \  in  aoM  aaiee,  i 

I  eldefly  «p«B  whethar  It  fa  aaok  thraogli  nwk,  or  ibrovgh  earth.    It  throngh  firm  rock,  tbea 


d  lOH  ft  thick  at  Ita  baM  en  the  natural  rook. 

.  _  naj  he  Med  in  not|  aaiee,  for  bridgee  of  any  span. 

and  ikm  avea  of  traasrene  eeetloa  of  iha  thaA,  and  eonaeqaaatly  the  oaaatlty  of  i 


rajTMiBd; 
.ng8  4». 


Tbe  depth 
'n  it.  vill 

.     .  .        _  ock,  then 

if  lla  aldea  be  made  Inregatatr,  and  the  maaoarr  atade  to  fit  seoarely  Into  the  Irregularities,  maoh  re> 
boea  maj  be  plaoed  npoa  It  to  aaaiat  the  vnfbt  of  the  mwoniy  in  naUting  the  poll  on  the  baok' 
ataja.    Barth  al«o  aMlsu  materiaUj  in  thla  reepeet 

P  Is  Che  arrangement  in  the  ChelMn  bridge  of  SSS  fsetapaii,  neroa  the  Tbamee,  at  London ;  Thos. 
Paaat.  ens.  The  ipaee  f^oaa  ene  wall »  »,  to  the  owooila  one,  la  45  feet;  and  t«  built  up  lolld  with 
brieinvork  and  oeaereto;  exaept  •  |niwaf>  way  4  f»  wide,  and  (  ft  high,  along  the  baoksu^ ;  and  a 
saana  efa««iber  behind  the  anehor-platai.    Ifc  reata  ohiefly  on  pflei. 

Tbe  smngencst  by  Kr  Branet,  fa  tlie  Obaring  Oran  i)ridfS|Len4en,*liTcry  •Imllar.  Jn  it  also 
the  eaUra  ahataeei  reau  en  pUea ;  and  la  40  ft  high,  80  ft  thlek,  and  soHd,  except  a  narrow  paaaage- 
wsT  along  the  ehalna.    The  baokatars  extend  into  It  60  ft.    Span  676  feet.    DeQ  50  feot. 

O  la  intended  nwrv^  as  a  general  nlnt,  wlUoh,  rariooely  medifled,  mar  flod  lu  applioatlnn  in  the 
eaae  of  a  email  temporary,  or  even  permanent  bridge ;  far  the  nnraher  of  pieeec,  <.  t,  Ac,  may  be  In* 
crawedle  any  Deoeeeary  extent;  and  thcgr  may  be  nado  of  iron  or  stone,  instead  of  wood. 

Tn  •»«€»  tlMt  tlie  iMMkatajs  nuiy'  b«  aoeeaalble,  they  nre  tn- 

qnemily  earriad  tbroogh  openlngi  left  In  the  maaonry  fbr  the  parpoae    Thoa.  the  ma-oMs,  »  m, 
af  ■■  ■anof  y.  at  A  and  B,  PIga  4H,  feaatemd  of  being  made  eolld,  may  eonslet  of  two  parallel  valla. 
I  whIeh  tbe  beefcetaj  a^y  paea;  and  the  aaehor^tooea.  or  aoehor'plnteB.  will  extend 


< 


reee  tbe  epnee  bete eeu  tbe  vaUa.  and  have  their  bearinga  againat  tbe  ends  of  the  walls.  In  D, 
mad  P»  tbeeableBav  be enppeeed  either  to  be  dghUy  sumnnded  by  the  maaonty  and  granted  to 
ereJaetebeennreiiaiedly  neyUnarlonlpaaaage-wayllkeaealyert,soaste  be  at  all  tlmeeaocee- 


Soft  ftteble  atone  mast  be  eareAiliy  exelnded  tnm  snob  peris  of  the  anehsraga  as  are  most 
Areetitf  eppeeed  te  tbe  poU  of  the  baekataya. 

If  biaeke  of  atanebvge  enough  tor  seooilng  feed  bond  ere  net  proenrable.  heary  T-nU«»  bare  ol 
iroa,  er  J'beame*  me/  be  edTaatageooslly  introdnoed  Un  that  pnrpoae. 

Tbe  maesea  meat  he  fraaded  at  aueb  a  depth  as  not  te  slide  by  the  yielding  of  the  earth  ia  bnot 
of  them. 

Per  eaflsiy,  tt  la  well  te  disregard  the  eibet  of  frietfcm  tn  dlminlnblng  tbe  tensten  on  the  beokaiar. 
and  ie  regard  that  tension  as  eaatlnniiic  mlformthroa^iont  tbe  baelniay  to  lis  end,  even  when  the 
hefkstay  Ie  enrved  and  imbedded  In  the  maaonry,  as  atE,  Pigs  i^. 

The  sMe  parapets  should  be  high  and  stout,  so  as  to  act  as  stlflbning 

I  abSMW  not  be  restrleted  to  seryiee  aa  mere  hand-rails  or  gnarde.    As  a  rule  of  thumb 

-J  the  depth  be  not  less  than  that  required  tbra 

eoostructed,  with  special  attention  to  the  atrenxth  of 


their  depth  maybe  muUmHf  span,  prerldsd 

haad«n&.    The  parapete  Aotud  be  stratly  eonati 

their  Jelata,  for  Ibeae  are  evposed,  by  the  nndulatiens  and  lateral  motions  of  the  bridce. 


Jsraeglnglbreeetnani 


•BsMMred  te  Cllflen,  Baglaad.  In  IStt,  and  replaeed  by  aa  Iron  trass  railway  and  foot  bridge. 
54 


Digitized  by\jOOgl€ 


772 


BIVEIB  AHS  BITEmrO. 


MVETS  AND  KIVETING. 


TbewlslrtS  la  th«  lhItowli«teU6  af  oowMtodiiae  th«bMA;  bat  t 
^Uk«a"QDdarth«  b«Ml;"or  MvUioMorUM  saaiiksoiilj.  bpraedoc, 
per  01  in  wt  maf  IM  expcoMd. 


■\. 


■'«rV«rl 


Lngth 

iAm. 

•rShMk. 
las. 

X  1 

H  1 

«   1 

%            Ji      1 

1 

iH 

I3i 

WlBlifrt  ar  !••  BiT0lib  iB  1 

^MBifc 

^ 

8.0 

M 

, 

....... 

....... 

_,^ 

8.8 

9.9 

'l7.8 

...  ... 

....... 

»•■... 

•  ...M« 

„  , 

1* 

4.6 

11.2 

194 

26.6 

88.9 



....... 

.... 

0.4 

12.6 

21  J$ 

28.7 

48.1 

66.8 

9\Ji 

188 

'  2 

6.2 

ia9 

28.7 

81.8 

47Jt 

70.7 

98.4 

138 

2 

OJ) 

15.3 

26.8 

84.9 

61.4 

76.2 

106 

149 

7.7 

16.6 

27i> 

87.9 

66.6 

81.6 

112 

180 

8.5 

18.0 

80.0 

41.0 

09.8 

87.1 

119 

188 

4 

9.2 

19.4 

82.2 

44.1 

64.0 

92JS 

196 

167 

'  a 

10.0 

20.7 

848 

47.1 

68.1 

98.0 

188 

176 

8 

10.8 

22.1 

86.4 

60.2 

T23 

108 

140 

184 

IIJS 

28.5 

38.6 

68.8 

76.5 

109 

147 

198 

vL 

12.8 

24.8 

40.7 

66.4 

80.7 

114 

104 

981 

n 

13.1 

26.2 

4^8 

69.4 

84.8 

120 

161 

910 

4 

18.8 

27  J) 

46.0 

62.6 

89.0 

125 

le? 

918 

14.6 

28.9 

47.1 

66.6 

08.8 

181 

174 

927 

VZ 

16.4 

30.8 

4A^ 

68.6 

97.4 

186 

181 

298 

G 

16.2 

81.6 

SiA 

71.7 

102 

142 

188 

944 

6 

16.9 

38.0 

6&6 

74.8 

106 

147 

195 

17.7 

84.4 

66.6 

77.8 

110 

108 

90S 

981 

tz 

18.4 

85.7 

67.7 

80.9 

114 

166 

908 

97f 

0 

19.2 

87.1 

60.9 

84.0 

m 

168 

216 

S78 

6 

20.0 

88.5 

62.0 

87.0 

122 

169 

928 

987 

% 

21.6 

41.2 

66.8 

98.2 

181 

180 

998 

804 

7 

28.0 

48.9 

70J5 

99.8 

189 

191 

990 

t9t 

^ 

24.6 

46.6 

74.8 

106 

147 

2U 

964 

888 

8^ 

26.1 

49.4 

79.0 

112 

166 

218 

978 

986 

9 

29.2 

54.8 

87.6 

124 

178 

284 

806 

10 

82.2 

60.8 

96.1 

186 

189 

2S6 

888 

488 

11 

86.8 

65.7 

106 

14B 

206 

278 

861 

487 

IS 

88.4 

71.2 

118 

161 

228 

800 

888 

mi 

Tbe  dlAm  of  rlveta  for  bridse  work  is  fW>m  ^  to  1  inch ;  osuallT  %  to 
^:  and  for  plates  more  than  .5  inch  thick,  it  is  about  IJS  times  tbe  thicKnesi-. 
and  for  thinner  ones  about  twice;  but  tbeee  proportions  are  not  cloeeiy  adhcied 
to  Tbe  common  ftortn  of  rivets  as  sold  is  shown  at  R,  Fin  8,  a  lieti* 
and  the  nbank  in  one  piece:  and  8  shows  the  same  when  after  being  heated 
white  hot  it  is  inserted  into  its  bole,  and  a  second  head  (conical)  formed  oa  It  bj 
rapid  handriyeting  as  it  cools.  When  lonfrer  tlian  abont  •  Ins  they 
are  cooled  near  the  middle  before  being  Inserted,  lest  their  contraction  in  oooUng 
thonid  split,  off  their  heads.  The  hemispherical  heads  often  seen,  called  mm*%^ 
beadfti  are  formed  bv  a  machine.  Tbe  two  beads  alone  reonlva  abool 
M  much  iron  as  8  dums  length  of  shank.  I^enctb  •f  a  IiomI  w  nbtni  1 
dlam  of  shank;  and  its  widto  aboat  2  dianis  of  shank. 

Blvetlnff  of  Sleam  and  Water  Tli:l>t  Jotaia. 

Joints  for  boilers  and  watertight  cisterns  are  oraallf  proportioned  about 
as  per  the  following  table  by  (airbairn ;  and  are  made  as  shown  either  by  Fie  1 
or  Tiff  2.  Fig  1  is  called  a  slnffle-riveted,  and  Fig  2  a  doablo-rlweted 
lap-fplnt.    The  dist  a  a.  or  0  e,  is  the  lap. 

flr'Falrbairn  considera  the  strength  of  the  single-riyeted  lap^int  to  be  about 
JJ6;  and  that  of  the  double-riveted,  about  .7  that  of  one  ofthe  IVilI  unbdlcd 
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plates,  when  both  Joints  are  proportioned  aa  in  hia  following  table.    But  some 

later  experimeD  tors  coDsider  about 

^  r^    ^  a     ^       /^ .5  and  .6  as  nearer  the  correct  aterw 

^      '             \          ^    V      '  1  ^-^  age.    Experiments  on  the  subject 
„-_i                  „ ._j«       ^^  q^j^  conlUcting;  and  It  Is 

plain  that  no  one  set  of  propor- 
tions can  precisely  suit  all  the  dif- 
ferent qnaiitles  of  plate  and  rivet 
iron.  With  iUr  quallUes  of  both, 
there  is  every  reason  to  rely  upon 
__.        .  .r-i*       «^  '^  >»^  '^  (or  about  one-scTenth 

Fig  1.  Fig  2.  part  leas  than  Fairbairn'sassump. 

tlon)  as  safb  for  practice.    These 
proportions  indode  ftieiloii  (Art  4X  without  which  they  would  be  abotU  A  and  US. 


Falrbalm^s  table  for  proportlonlnsr  the  rlvelinir  for  steam 
and  water-tiicbt  lap-Jolute. 


15-16 


Ungtbofetaak 
bvCon  drlTiag. 


eeniar  of  livett. 


Ids. 


Lap  lo  vlDcie 
liTeting. 


lu. 

2 
2Vi 


Lap  Id  dottbi« 
riveting. 


KIwetlBff  of  Iran  ylMlers,  bridires,  Ac 


Art.  1.  The  sabjeet  of  rlwetlnir  Is  abstmse,  and  inTolred  in 
much  uncertainty ;  andexperimental  results  are  very  discrepant.  We  here  pro- 
pose merely  to  confine  ourselves  to  what  is  considered  the  best  Joint;  and  for 
safety  we  shall  omit  firiction :  see  Art  4.  In  girder  and  bridge  work  the  la|>- 
iointe  aboye  described  are  seldom  used.  Instead  of  them,  the  (dates  p,  Figs  3,  to 
be  ioined^are  butted  up  square  against  each  other,  thus  forming  a  bntt-jolnt, 
i  «,  Fig  jD;  and  are  united  by  either  a  single  eoverlnc-plate,  cover, 
wrapper,  fteh-plate,  or  welt  s  e,  Fig  K ;  or  the  best  of  all  by  two  of  them, 
as  at  A,  or  o  0, 0  0,  Fig  B.  In  what  follows,  the  term  plale  nerer  includes  the 
eooen.  The  single  cover,  like  the  lap-joint,  allows  both  plates  and  oover  to  bend 
under  a  strong  pull,  somewhat  as  at  w,  thus  weakening  them  materiall/ :  whereas 
the  doable  cover  o  o,  o  q,  Fig  B,  keeps  the  pull  directly  along  the  axis  of  the  plates, 
thus  avoiding  this  bending  tendency.  It  also  brings  the  rivets  into  double  shear, 
thus  donbling  their  strength.  When  there  is  but  one  cover,  it  should  be  at  least 
as  thick  as  a  plate;  and  when  there  are  two,  experience  shows  that  each  had  bet- 
ter be  aboat  iwo4Mrd»  as  thick  as  a  plate,  although  theory  ^requires  isach  to  be 
bat  ka(f»a  thirk  as  a  plate.  igti^ed  by  ^OOg IC 


I  pull  In  one  direction,  against  those  oo 
lirectlon.  Therefore  in  deaigoinff  each 
on  one  side,  as  is  done  in  what  follows. 


774  BTTBIB  AND  RIYEnNQ;. 

'Hie  lenirtli  w  w  of  eowers  across  the  Joint  Is  equal  to  that  ef  the  joint 
Batta  reqnire  twl«e  as  many  rivets  as  laps,  because  in  the  lap  eadi 

riret  passes  through  both  the  Joined  plates ;  and  in  the  butt  through  ouIt  one. 

The  rivets  and  plate  on  one  side  only  (right  or  loft)  of  tbejoini- 
line  i  <  of  any  properif  proportioned  bntt-J olnt  D,  represent  the  fiiU  strength 
of  the  joint,  inasmuch  as  those  on  one  side  pull  In  one  direction,  against  those  on 
the  other  side,  which  pull  in  the  opposite  dire< 

toints  we  need  keep  in  mind  only  those  on  t_ 

Thus  a  single,  double,  or  triple-rireted  bntt-J  olnt  D  implies  one.  two,  or  three 
rows  of  rivets  on  eaeh  side  of  the  Joint-line  i  L  and  parallel  to  It.  In  a  prop- 
erly proportioned  lap  the  strength  Is  as  all  the  rireta,  because  one-half  of  Ihem 
do  not  pull  against  the  other  hall^  but  one  end  of  e  veiTr  rivet  puUs  in  one  direc- 
tion, and  its  other  end  in  the  opposite  direction. 

The  net  Iron,  net  plate,  or  net  Joint,  Is  that  which  Is  left  between 
the  rivet  holes,  and  outside  of  the  two  outer  ones,  all  on  a  straight  line  drawn 
through  the  centers  of  the  holes  of  one  row.  Its  width  and  area  are  called  the  net 
enes  of  the  Joint.    That  between  olAer  rows  does  not  increase  the  strengtii. 

Ill  Figs  H,  N,  and  K,  the  rivets  are  In  sini^l®  sltear,  while  those  in  A  and  B 
are  in  double  shear. 

Art.  2.  Bridse-Joints  are  not  required  to  be  steam  or  water- 
ttgrht  liketlioseof  boiiei-s  or  cisterns;  and,  therefore^  by  iuereasing  thebreadth 
of  the  uverliip,  or  the  length  of  theoovers,  the  rivets  may  be  |»laced  iu  aeveral 
rows  beliinil  each  oilier,  as  the  3  rows  of  8  rivetsesch  iu  M  and  I»,  in»tead  of  only 
one  ruw  of  9  rivets,  as  in  L.  By  this  mtians,  without  losing  any  of  the  slreugtb  of 
rhe  9  rivets,  or  of  the  net  iron,  we  may  narrow  the  width  of  tlie  plate  to  an  ex> 
tent  equal  to  the  combined  diaius  (6  in  this  case)  of  the  holes  thus  dispensed  with 
in  the  one  row.  Moreover,  by  usIuk  more  than  one  row  we  lessen  the  weakeninf 
effect  shown  at  W.  This  moae  of  placing  the  rivets  directly  behind  each  other  in 
several  rows,  as  at  M,  and  at  the  left-hand  half  of  Fig  U,  oonstltutes  Mr  Fair- 
bairn's  ehaln  rivetiufr;  but  the  ioint  will  be  somewhat  stronger  1/ the  rivets 
are  placed  in  xiir**MPliMr  order,  as  in  the  right-hand  half  of  Fig  D. 

The  dist  apart  oithe  rows  fk^m  cen  to  een  should  not  be  Im 
than  2  diams.  it  is  questionable  to  what  extent  this  increase  in  the  number  of 
rows  may  be  carried  without  an  appreciable  Ices  of  strength  in  the  rivets  conae- 

Suent  upon  the  impoasibility  of  quite  equalizing  the  strains  on  the  separate  rows. 
at  it  is  probable  ttiat  if  we  do  not  exMed  2  or  3  rows  in  laps,  or  the  same  num- 
ber on  each  tide  of  the  Joint-line  in  butts,  we  may  in  practiM  assume  that  each 
row,  and  each  rivet,  is  nearlv  eoualiy  strained. 

Rivet-boles  are  usually  or  about  one-sixteenth  inch  greater  diam  than  the 
original  rivet,  so  as  to  allow  the  hot  rivet  to  be  easily  inserted.  The  subeequeot 
hammering  swells  the  diam  of  the  rivet  until  it  filb  the  hole.  We  may  either 
take  this  increased  diam  of  rivet  into  consideration,  as  we  have  done,  in  calcula- 
ting its  shearing  and  crippling  strength,  as  explained  ikrther  on.  or  with  reference 
to  increased  safety  we  may  omit  it.  Drilled  rivet-holes  are  said  to  be  better 
than  punched  ones,  as  the  drilling  does  not  injure  the  ircNi  around  them;  but  on 
the  other  hand  their  sharper  edges  are  said  to  shear  the  rivets  more  readily. 
Hence,  such  edgee  are  sometimes  reamed  ofit  Both  these  points  are,  however, 
disputed :  and  both  modes  are  in  common  use. 

The  dist  Apom  the  ed|re  of  a  hole  to  the  end  of  a  plate  or  cover  shoold 
not  be  lea  than  about  1.2  diams,  to  prevent  the  rivets  from  tearing  out  the  end 
of  the  plate;  nor  nearer  the  side  edge  of  a  plate  than  half  the  clear  dist  between 
two  holes  as  given  by  the  Rule  in  Art  5.  The  first  is  rather  more  than  Falrbaim 
direcu. 

Rivet  holes  weaken  the  net  iron  left  between  them,  not  only  by  the 
loss  of  the  part  cut  out,  but  either  by  disturbing  the  Iron  around  them,  or  perhMa 
by  changing  the  shape  of  the  net  line  of  fracture,  which  may  not  then  resut 


tension  as  well  as  while  it  was  a  continuous  straight  llna  Some  denr  both  canae 
and  eflbct  entirely,  each  partv  basing  its  opinion  on  ezperlmenta.  Bnt  the  aaaw 
of  evidence  seems  to  the  writer  to  show  that  the  net  iron  kaea  on  an  aven^ 
alMHit  oneHieventh  of  the  strength  doe  to  the  net  width.    With  a  view  to  f-'^^ 


which  we  consider  to  be  of  paramount  Importanoe,  we  ahidl  In  what  faHowa 
ajHume  (until  the  question  Is  definitely  settled)  that  there  Is  aooii  a  leaa  of 
str*>ngth  in  the  net  iron. 

Riveted  Joints  for  resisUn|r  eompression  should  depend,  not  as 
might  be  supposed  upon  their  butting  ends,  but  upon  ettber  the  ahoarinror  tbe 
crippling  strength  of  the  rivets;  for  oontzaetion  or  bad  work  may  throw  tbs 

Digitized  by\jOOgl€ 


tavmB  AND  BIVBTINO. 


775 


I  on  the  xiTels.  MaelktiM  rlTetlnir  ^  tomewhat  stronger  than  that 
(as  la  awnmed  in  oar  examplet)  by  band.  Tlie  ililckn«Mi  of  pli»tc« 
osea  in  girders,  tabular  bridges,  Ao,  is  usual!/  .25  to  Ji  inch ;  with  thicker  ones 
ap  to  1  inoh  sparingly  in  large  ones.  A  pAekflnir  picee,  as  the  shaded  piece 
In  P,  is  ono  inserted  between  two  plates  to  prevent  their  being  bent  or  drawn 
together  by  the  rireta. 

Art.  S.  A  rlTei«d  Joint  mmr  yield  In  tliree  wnyu  after  being 
propertr  proportioned,  namely,  by  the  shearing  of  its  rlrets;  or  oy  the  pulUnr 
apart  of  the  net  plate  between  the  rivet  holes;  or  by  the  erlppliny  (a  kind  ol 
oompression,  mashing,  or  crumpling)  of  the  plates  by  the  rivcls  when  the  two  are 
too  ibrdblv  palled  against  each  other.  It  also  compresses  the  rivets  themselves 
tranaverselT.  ist  n  lens  ntrsUn  thi»n  tlie  nhenrlnif  one;  and  this  partial 
yielding  of  both  plates  and  rivets  sllows  the  Joint  to  •trvten,  and  may  thus 
prodaoe  ii^arious  unlooked-for  strains  in  other  parts  of  a  strooture,  considerably 
before  there  is  any  danger  of  actual  firaetare.  Or  in  steam  and  water  Joints  it  may 
eaose  leaks,  wlthont  fortber  ineonvenience,  or  danger.  Fbr  a  long  time  thu 
crippling  had  entirely  escraed  notloe,  and  it  wsssuppMed  that  the  only  important 
point  in  designing  a  riveted  Joint  was  that  the  tenrtle  strength  of  tiu  ' 

and  the  shearing  strength  of  the  rivets  should  be  oqoal  to  esch  other. 

The  erlppHnir  ntrenctii  of  n  Joint  is  as  the  number  of  rivets,  in  a  lap, 
or  the  nnmber  on  one  side  of  the  joint4ine  in  a  butt  x  diam  x  thickness  of  JoinM 
plate.  This  product  gives  the  crippled  area  of  the  Joint.  We  shall  here  call  the 
diam  X  thickness  of  plate,  the  erippllnff  nrea  of  a  rivet.  If  there  are  2  or 
more  plates  (not  covers)  on  top  of  each  other  at  one  Joints  their  united  thickness 
is  used  for  finding  the  crippling  area.  Tlie  nltlmiste  erippllny  nnit, 
by  which  the  above  product  is  to  be  multiplied  for  the  actual  ultimate  crippling 
strength  of  the  joint,  may  be  safely  taken  at  about  60000  lbs,  or  26.8  tons,  per  sq 
inch. 

Tke  dlmni  of  n  rlwot  In  Ins  to  roslst  nnCelir  a  given  single-shearing 
force  is  foand  thus:  Mult  the  shearing  force  by  the  coef  of  safety,  that  is  by  the 
number,  8, 4,  or  6^  Ac,  denoting  the  required  degree  of  safety.  Call  the  product  g. 
Mult  the  ultimate  shearing  strength  per  sq  inoh  of  the  rivet-Iron,  by  the  decimal 
.7«li.  CUl  the  pioduct  b.  IMvide  g  by  b.  Take  the  sq  rt  of  the  quotient  The 
shearing  force  and  the  shearing  strength  must  both  be  in  either  Ibe  or  tons. 

Or  by  a  formula,  

~         Shearing  force  X  coef  of  safety 


:? 


>  stiength  of  the  net  plate, 


i 


DlMnlmlns 


-V 


Uit  shearing  strength  per  sq  loch  X  .7854 


ir  the  rlwet  In  to  be  donble-olieAred,  first  mult  only  half  the  shearing 
force  by  the  coef  of  safety.    Tlien  proceed  as  before. 

Or,  near  enough  for  practice,  mult  the  diam  in  single  shear  by  the  decimal  .7. 

Tme  ultimate  nnenrlny  unit  for  average  rivet-iron  may  be  taken  at 
about  4SO0O  I>s,  or  20.1  tons  per  sq  inch  of  circular  sheared  section. 


Tnfoto  nf  nltimnte  nlnirlc  nliMMrlnir  ntrenirtli  of  rlweto, 

(market  dses),  in  single  shear;  at  46000  lbs  or  20.1  tons  per  sq  inch. 

Tlito  table  le  not  to  be  need  when  as  in  oar  ^^Ezample,"  Art  S,  the 

erippllttc  strength  of  the  rivet  governs  the  strength  of  the  Joint. 

ir  tlte  rlwet  Is  In  double  shear  it  will  have  twice  the  strength  in  the 
tablei 

For  the  diam  In  donble  shear  to  equal  the  strength  In  the  table,  mult 
the  diam  in  the  table  by  the  decimal  .7 ;  near  enough  for  practice ;  strictly,  .707. 


Warn. 
Ins. 

Dlaa. 
laa. 

»«. 

Tom. 

■r- 

DUm. 
Int. 

As. 

Tom. 

Diam. 
Ina. 

Diam. 

IM. 

Ite. 

Too*. 

Vg 

.125 

562 

.246 

.562 

11183 

4.99 

1 

1.000 

35843 

15^ 

.187 

1242 

A64 

« 

.625 

18806 

6.16 

1.062 

39899 

17.8 

H 

.290 

2209 

.966 

.687 

16706 

7.46 

1V6 

1.126 

44731 

20.0 

.812 

8452 

1.54 

K 

.760 

19880 

8.88 

1.187 

49838 

22J2 

H 

SJ5 

4f70 

2.22 

^12 

83882 

10.4 

1'^ 

1.250 

65224 

24.6 

.4S7 

6766 

8.02 

J6 

.875 

27060 

12.1 

1.312 

60885 

27.2 

H 

MO 

8886 

894 

.987 

81064 

18^ 

IH 

1.875 

66820 

29.8 
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The  ten»Jle  ^irciiicth  of  a  |»roper]y 

eqiinlW  asi  eithtT  the  st^ili'nniil  nnra  of  tlj(?  ti<M  fjlaiT 
t43rs  of  only  one  r*}W  c*i  rirei-j  or  aa  thf  shi^riug  > 
iniiy  twri  arvtts  of  all  thn  nv«  t^  in  »  lap,  or  of  all  the  foL-. 
Jaiat'line  in  »  butt,  Tho  t<^n»ilp  *tren(ftli  affair  quality 
rivet  ln>|i.'.H  are  matic,  avtrvme*  aliout  10<mjo  Itm,  f>r  20J  to 
jhull  for  safi'ty  aewjunK,  a*  ^taU■<i  in  Art  :;,  that  tlie  inAkl 
ihe  slr»!■n^rtlt  of  IL«^  net  iron  that  b  left  abont  ooe-sete] 
or  i7:i  tojjis  n^  r  eq  inoli. 

Rem,  Even  ttilii  in  conaklerabljr  too  §[wm 
with  one  cover,  owing  to  the^  weakening  of  tho  Iron  in  auc 
ul  W,  Fig»  3.    But  vre  eiru  not  speakintc  of  ducb. 

Art.  4,    The  frieUon  lielween  the  i>lal«a 

Clfttes  and  the  corersln  a  butt,  proiiuciHi  by  thflr  betng 
y  ike  cantr»eLioi:i  of  the  rlveLa  in  cuotict^,  adds  lauch  U 
while  new,  ptfrha[js  as  much  aa  Li's  tn  :i  toni<i  per  sq  Lih  i 
riveffl  in  a  lap,  or  of  all  on  one  side  of  a  Nltiglcnrover  t 
one  tilde  of  a  duuble-covor  btitt,    In  qnl-t  ^tnu  nirrs,  1 1 
to  exi«>t,  (I'ilhorwbolljor  in  |iii  ;    mI; 

ject  lo  ioc«!r!ii^ant  and  viob>n(  pn 

or  entirely  duaipatrd.     ITpik  i       uimci 

it  is,  tberLTufLS  omitUxl  in  what  I'-ll-jWr.. 

Art,  5,    We  now  give  rulei  for  flndlnit  the  nniober* 
tloiiUIP  «-ovrr  Uuit-Joint  ctho  only  Hind  of  which  i 
c\<MiT  or  net  di»taiiice  apart.    This  dht  +  one  djmm  is  the 
ibiMr  dLst  from  center  to  coutcr.    Tho  principle  of  tbo 
liirtlier  on^  ut  Art  7. 

l-^irwt,  S'l'ltx't  a  diam  of  rivet  elthor  equal  to  or  gn[ 
tbii-'knes»  of  the  plate.  In  practice  they  are  gcnemlly  IJH 
or  nior*.'  thick  ;  and  2  for  thinnor  than  h^  In. 

fti?COll«|.  rault  tbo  ^n^atngt  totnl  pull  in  potiticli  i),  r 
Joif4  M  th*'  ix«>rf.t  4,  or  0.  At}  i>f  aitfyty,  and  c^\  tlh*  i- 

Tlilrd,  lotdtiply  tJue  crippling  af<J^a  of  the  rivet  jtli.a  . 
nt»ss  tt(  plnte)  by  GOViO.  ThL^  prtwi  \a  lh«  ultcrlppUn»(  *lreu 

Foiirtti«  dividt^'p  by  m.  Tbe  qtiotieot  will  be  the  uvm 
Ihe  given  pull  witb  the  re^qd  degree  of  safety, 

TUvDt  l^ue  clear  ctiHinnce  apart  will  ha 

Numr.ef  of  rowa  y  Plani  X  WWO 
3S500 

FtfUli.  The  clonr  diet  frvnn  wittier  erid  bolo  of  a  row  (o  I 
fiioidd  be  not  I«m  tlian  tialf  thu  ii]<»4*r  disc  ln'twccn  two  --•■"' 

Example*  A  double-covi  r  1<urt-Joint  in  .6  inch  th. 
poll  of  33760  lb«,  with  a  wfety  of  4;  or  not  to  bniik 
ia5n<X>  fh#.     How  Ciatiy  riiryt^  mo*t  it  bATe;  and  how  iut  a| 

FlrNt^  Ih^n  .9A  tim^a  tht*  tlil<  knt^i  vf  the  plat«  iM  A^ 
foro,  our  riveta  miut  not  bo  lesa  tbu,ii  ,126  inch  in  diocn}  1 
dintn, 

Net'oncl.  The  gr«atest  i>uH  X  co*f  of  •afety  :-  33760  X 

ThIrtI,  Th«  crippting  area  of  «  rivet  X  ^0000  »  .76  X  • 

Fourth.  ^  »  -^-: —  =>  <1  rirota  riMiukrad  on  each  sida 

M         2UdOlJ 

And  th»  rlear  space  or  oRt  wJdth  t»<}tween  tbeni  will 
nrelii  one  rotrt 

Biain  X  eoOOO       45000 


38600 


a»t600 


•  i.tdsa  im 
+  J» 


And  tht  pitcli  —  net  space  ^  diam  -«  1,1 
M  2.5€  d|i\fit«. 

fw  pnic-lire,  to  ^Tc>td  troiildc«on>e  dt^cimal*,  we  mlahi  ma 
Ami  the  p)tch  1  8o;  but  to  idtow  BiTtbi»r  on  tit*  workiiig  t 
i\m  toorf  fijcaci  onot. 

Fifth,  Tb«)  clear  dl4t  fWin  «acU  and  lio1«  feo  tJie  aide  «d| 

The  entire  wiHtli  of  n«l  Iron  U  «(]na1  to  one  c 
tivvlm  =»  l.tflKg  X  ^1  =  7/JliiH  iriH;  uiid  Iho  etilire  wliltli  i 
Ditch  X  numb«r  of  rlvot*,  —  1J>1^^8  X  0  —  11^128  Int. 
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RIVBIB  AS1>  BITBTDia  777 

tiM  MM  or  eras  MetioD  of  nnliotod  pkle  ii  1U18B  X  JB  -  ft.TM4  tq  tea :  its  t«ik 
lik  strength  liefbre  the  hales  Are  made  It  6i,7664  x  46000  -  8d0038  Ibt 

The  ttTeagtb  ct  oar  joliit,  omitting  fHction,  it  therefore  ^-..^^r  «  .52  of  that  of  tht 
original  noholed  plate.  259038 

If  the  •  rivets  are  in  S  rows  of  8  rivets  each,  the  clear  dist  be* 
tween  two  rivets  in  one  row  will  be  twice  as  great  as  before,  or  twice  1.186fl 
-  &3376  ins.  Plteh  i»  2.8876  +  .75  ^  8.0876  ins  «.  8j0676  -i-  .75  »  4.12  dJams 
Clear  dlsi  from  end  hole  to  side  edge  of  plate  =-  half  of  2.3S76  » 1.16S8 
Entire  width  of  net  Iron  »  2.8376  X  3  <-  7.0128  ins.  Entire  width 
of  pla<e  »  3.0870  X  3  »  ^2628  ins.  Area  of  cross  section  of  nnholetl 
plate^-0J!6S8x.5»4.68l4  Ains.  ITltlniate  tensile  strength,  nnholcd 
»  4.6314  X  45000  -  2064181be.   Vlt  strength  Of  riveted  jolnt»  omlttii>« 

135000  •■  » 

frictioB  «■  20^13  *  .65  Of  that  of  the  nnholed  plate. 

ThoB  we  see  tbat  the  arrangement  with  two  rows  gives  the  same  strength  as  one 
row,  with  a  leas  total  width  esd  ana  of  plate.    It  of  oonne  reqaires  longer  eotert. 

If  the  6  rlTCfs  are  in  S  rows  of  2  rivets  each,  the  area  of  cross 
iecilon  of  the  nnholed  plate  is  4.2565  sq  Ids.    Ito  tensile  strenfpf  h, 

191542  lbs.    Strength  of  riveted  Jotot  i»  TEf^  ^  -^  ^'  ^^**  ^  ^^^  nnholed  plate. 

The  entire  width  of  net  iron  (7.0128  ins):  it^  area  (7.0128  X  .5  —  8.6U64  sq  inn): 
sod  its  nltiniate  tensile  strength  (3.6064  X  88600  ^  135000  lbs),  are  the  same  in  ench 
case.  The  last  is  the  required  ItrealciDg  strength  of  tlie  joint,  as  in  the  beginning 
of  our  example ;  and  is  equal  to  the  ccubliied  crippling  strength  of  the  six  riveta. 

Art.  6.  The  fllntance  apart  of  the  rows,  fVom  center  to  center  of 
rivets,  should  not  be  less  than  two  diameters  of  a  rivet-hole. 

Rem.  1.  With  our  constants  for  tension,  shearing,  and  compression,  I  he 
rivela  will  not  yield  first  by  shearliifr  in  a  double-cover  butt  (and 
of  course  in  donble  snear),  except  when  the  diam  is  either  equal  to  or  less  than 
^5  of  the  thickness  of  the  plate,  which  will  rarely  happen.  At  .85  the  crippling 
and  shearing  strength  of  a  rivet  are  equal  when  using  our  assumed  coelTs  of  crip- 
pling, shearing,  and  tension. 

Rem.  2.  Our  example  was  chosen  to  illustrate  the  rule.  It  will  rarely  hap- 
pen iu  practice  that  the  rule  will  give  a  number  of  rivets  without  a  fraction ;  or 
that  maj  be  divided  by  2  and  by  3  without  a  remainder.  In  case  of  a  fraction,  it 
b  plainly  best  to  call  it  a  whole  rivet ;  althoush  the  joint  thereby  becomes  a  trifle 
stronger  than  necessary.  Or  rivets  of  a  slightly  dltf  diam  may  be  used.  If  the 
DuiiiMr  of  rivets  comes  out  say  7  or  9,  we  may  make  2  rows  of  3  and  4,  or  of  4  and 
5,  Ac.  Moreover,  the  width  oi  the  plate  is  frequently  fixed  beforehand  by  some 
requirement  of  the  structure,  and  we  muBt  arrange  the  rivets  to  suit,  taking  care 
iu  all  cases  to  maintain  the  calculated  area  of  net  iron  in  one  row,  &c. 
Rent.  8.  We  have  (as  we  at  first  said  we  should  do)  confined  ourselves  to  the 
simple  butt^-joint  with  2  covers,  and  with  the 
y  ?   .      I      rivets  in  either  1,  or  in  2  or  more  parallel  rows 

I  ^  ij     <      on  each  side  of  the  joint^line ;  this  being  the 

{     ^     strongest  and  the  one  in  most  common  use  in 
en^^ineering   structures.     Necessity    at   times 
calls  for  less  simple  arrangements,  for  which 
we  cannot  afford  space^  and  the  strength  of 
i     ^     which    is    not   so    readily    calculated.    These 
c  g  sometimes  yield  results  which  appear  stranee 

to  the  uninitiated ;  thus,  this  lap-joint  breaks 
JTOHs  the  net  iron  of  one  plate,  along  either  c  e  or  o  o,  when  tfiere  u  mtMU  qfil^  and 
where,  therefore,  it  might  be  suppos^  to  bo  the  strongest. 

Rem.  4.  The  followiniT  table  shows  approximately  the  comparative 
strengths  of  the  common  forms  of  joints  when  properly  proportioned ;  varying 
«dth  quality  of  sheets,  and  of  rivets - 

WItbnat 
friction. 
1.00 
M 
.52 
.40 
.62 

I  I  -^ 
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With 
fdctton, 

The  original  unholed  nlate 1.00 

Double-riveted  butt  with  two  covers 80 

DouWo-rlveled  butt  with  one  cover 65 

Slngle-rivetod  butt  with  one  cover /iO 

Doublo-rivetedlap 65 


i 


B,^^r^y^ _ "•"     XoOglC 


R^ni.  5.  The  above  tabular  Btrengtba  fbr  the  lBp>Joflato  wUl  be  tmprox* 
Imately  atuined  bT  adopting  the  fbllowing  proportloni,  aooordiog  aa  the  Joint  is 
double-  or  aingle-riTeted. 


Calling  thickness  of  plate^ 

fhen  make  diam  of  nret 

"        "     breadth  of  lap.» , 

"        "     pitch  fh>m  een  to  oen.... 
*•        **     dist  from  end  of  plale  to 

edffe  of  holes 

"        **     dist  apart  of  rows  from 
oen  to  ceo 


1. 

1.97 
9.0 
7.0 

2.0 

8.88 


.6 
1.0 
5.4 
4.2 

IJ 

2.0 


1. 

1.67 
5.67 
4.5 

2.0 


.6 
1.0 
8.4 
2.7 

1.2 


•  6.    If  twe  or  mere  pl«(«s  on  lop  of  ench  oUior*  as  the 

four  InABorMH^aretobe  iointed  together  so  as  to  act  sa  one  plate  of  the 
thickness  e  e,  the  diams  of  the  riTets,  and  the  thickness  of  the  covers  ee.es  will 
depend  upon  whether  the  functions  of  the  plates  are  all  in  one  line  with  each 
other  as  at  e  e^  in  A  B,  or  whether  they  break  joint  with  each  other  as  at  0, 1, 2, 8 
in  M  U. 


► 


It  is  plain  that  the  two  cotots  e  e  by  means  of  their  connecting  xiyets  convey 
from  A  to  B.  across  the  Joint  e  e,  all  the  strength  that  partly  compensates  for  the 
severance  of  the  four  plates  at  that  Joint;  whereas  the  two  covers  ee,  e cl  and 
their  rivets  in  like  manner  convey  from  n  of  one  single  plate,  to  o  of  the  adjoining 
one,  acroes  the  Joint  between  those  two  letters,  only  the  strength  that  partly  com- 

rnsates  for  the  severance  of  that  single  plate ;  and  so  with  the  Joints  at  1,  2,  and 
Therefore  the  covers  e  e,  and  their  rivets,  must  be  four  times  as  strong  as  those 
at  any  one  of  the  four  Joints  0. 1, 2,  8.  The  first,  e  e,  are  to  be  regarded  as  toining 
two  solid  plates  A  and  B,  eacn  of  the  fourfold  thickness  e  e ;  and  the  others  as 
Joining  two  of  the  single  thickness.  The  covers  e  c  will,  therefore,  each  be  about 
two-thirds  of  the  thickness  e  e;  and  the  others  each  about  two-thirds  as  thick  as 
a  single  plate.  Thus,  suppose  each  of  the  4  plates  inABorMHtobe?:^  Inch  thick , 
making  c  e  3  ins.  Then  esch  cover,  e,  is  ^  of  3  ins,  or  2  ins  thick  ;  or  the  two  covers, 
ec,  together  4  Ins,  which  is  thud  the  effective  thickness  of  the  joint,  ce.  But  each 
cover,  ««,  is  only  %ot%  Inch,  or  V^  Inch  thick;  and  the  effective  thickness  of  joint 
at  eitlier  0,  1,  2,  or  8,  is  that  of  the  '6  unbroken  plates  plus  that  of  the  2  coven,  or 
(8X?i)+(2X}^)  =  3'4ins. 

Art.  7.  Principle  of  the  Rale  In  Art  5.  With  our  constanto  for 
riiearing  (45000  lbs  per  square  inch)  and  for  crippling  (60000  lbs  per  square  Inch),  and 
with  diameter  of  rivet  equal  to,  or  greater  than,  .85  times  the  thickness  of  the  plate, 
as  by  our  rule,  the  erippUmg  strengUi  of  a  double  cover  butt  Joint  will  be  eoual  to,  or 
less  than,  Its  shearing  strength.  Therefore,  to  avoid  waste  of  material,  either  in  the 
plate  or  In  the  rivets,  we  must  make 

vJjJJwf  NX  Thickness  ^  Tension  _  Crippling  arsa  ^  Crippling  ^  Total  number 
plate  ofpUte   ^     unit     "    of  one  rivet   ^      unit      ^     of  rivets. 

Now,  by  Art  8,  the  crippling  area  of  a  rivet  Is  »  diam  of  rivet  X  thickness  ol 
plate.  We  take  the  crippling  unit  at  00000  lbs;  and  the  tension  unit  at  88600  Iba 
Therefore  (transposing)  we  must  make 

*r«»-i  «^»  -M»K       ^'*"  o'  V  Thickness  ^  m^^m  ^  Total  nnmbef 
Total  net  width  _     H»«t    X    «#  „!-,«    X  WWTO  X      „*  Hw«t« 


of  plate 


of  plate 


,  of  riveti 


Thickness  ot  pUte  X  SSfiOO 
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'By  malcing  the  clear  distance  between  each  end  rivet  of  a  row  and  the  side 
edge  of  the  plate  =  half  the  clear  distance  between  two  rirets  in  a  row ;  aud 
cafliiis  the  sum  of  the  two  end  distances  one  space,  we  hare 

Number  of  spaeei  _^  Number  of  rivet* 
in  a  row         ^         iu  a  row. 

•  dl«tett«e  between  twe  rlwete  in  n  row* 

^    Total  net  width  of  plate 

Number  of  Mpaea  in  a  row 
is  also 

*"    Total  net  width  of  plate 

Number  of  rivets  in  a  row 

Dian.  of  ^  Thickness  ^  entu)ti  \^  Total  namber 
rivet     ^    of  plate    ^  ^'^^  ^      ^f  rfyets 
■*        Thickness  w  oowm  -^  Number  of  rivets 
of  plat«    X  ^^'^  ^        in  a  row. 
But 

Total  number  of  rivets 


Number  of  rivets  in  a  row 


>s  Number  of  rows. 


Therefore,  omitting  "thickness  of  plate,'*  common  to  both  numerator  and 
denominator,  we  have^  as  in  rule  in  Art  6, 

Clenr  dtotenee       Diam  of  rivet  X  60000  X  Number  of  rows 
•P^'*  ""  88600 

Bat  f r  tlie  dlAineter  of  the  rivete  to  leM  than  0.85  tlnie«  the 
thfleUoecM  of  the  plntee«  the  aheoHng  strength  of  a  double-cover  butt  j4iint 
(with  our  assumed  constants  for  shetirjiig  and  crippling)  is  less  tljaii  It.s  crippling 
strength.    In  such  cases,  for  the  clear  distance  betweeu  two  rivets  in  a  row,  say 

ri«i»  AtaAMiee  =.  Cifcq^"  *'^«  of  >  rt^et  X  Shearing  unit 
Clear  <Ustanee  =.      thickness  of  plate  X  Tension  unit       ^  ^ 


i 


,  1.  Batt  Jetnte  In  donhle  shear,  or  with  2  covers,  being  the 
eiil7  ones  here  considered,  and  inasmnch  as  rivets  may  always  be  vsed  with  a  diam 
greater  than  M  of  the  thickness  of  the  plate,  we  may  in  practice  alwi^s  use  the 
Rn!«f  in  Art  5  for  such  joints;  and.  therefbre,  we  gave  it  alone. 

Bern.  2.  When  natnir  these  rules  for  other  kinds  of  Joint, 
nich  as  laps,  or  butts  with  tingle  covers,  remember  that  the  rivets  in  sucTi  are  in 
slnarle  shear;  and,  therefors.  we  can  nse  Rnle  in  Art  &  (for  crippling)  only  when 
the  diam  is  oither  1.7  or  more  times  the  thickness  of  plate.  If  leiM^  nse 
Rnle  abore  for  shearing;  all  on  the  assumption  that  our  foregoing  coefs  of 
erippUnip  and  shearing  ate  tised. 

Bnt  the  eoef  for  tension  must  be  changed  for  e&ch  kind  of  these 
other  Joints,  to  allow  for  the  weakening  effects  of  the  bendlns;  shown  at  W,  Figs 
S,  as  deduced  approximately  from  experiment  The  writer  believes  that  the  fol- 
lowing tension  units  will  give  safe  approximate  results  without  friction.  For 
donble-eover  bntfs,  aouble-riveted,  88500  lbs  per  sq  inch,  as  adopted  above. 
For  donble-ri  veted  laps,  or  one-cover  butts,  28000.  For  sln|rle-ri  veted 
laps,  or  one-cover  butts,  24000.  But,  as  before  remarked,  no  great  certainty  is 
attainable  in  riveting. 

Bern.  S.  A  Joint  may  fell  by  erippllnir  without  the  facts  being 
known  or  even  suspected,  for  it  does  not  implv  that  anything  breaks,  but 
merely  that  the  Joint  has  stretched ;  and  this  might  not  be  detected  even  on 
a  digit  inspection  of  it  Still  it  might,  and  probably  often  has  sufficed  to  endanger, 
and  even  destooy  both  bridges  and  roofo  by  generating  strains  where  none  were 
provided  for. 


Digitized  by  CiOOg  IC 


^ 


780  KAILEOADS. 

RAILROADS. 
TRACK. 

GSUVBRAIi 

1.  Railroad  track,  as  ordinarily  cooatrncted  in  the  U  8,  conaiats 
of  the  following  parts. 

2.  Ralls,  n  83.  The  wheels  of  the  rolling  stock  roll  upon  the 
heads  of  the  railSt  the  wear  of  the  wheel  treads  coming  upon  the 
upper  surface  of  the  heads,  and  that  of  the  flanges  coming  upon 
the  Bides  of  the  heads.  The  rails  serv  also  as  short  girders  span- 
ning the  spaces  betw  the  ties,  the  heads  there  theoretically  taking 
compression,  the  webs  shear,  and  the  bases  tension ;  but,  since  the 
rails  must  act  as  continuous  girders,  the  stresses  in  the  heads  lod 
bases  arc  necessarily  reverst  over  each  tie.  The  base  of  the  rail 
servs  also  to  distribute  the  load  over  the  tie,  and  to  afford  a  grip 
for  the  spikes.    It  offers  the  chief  resistance  against  lateral  flexure. 

3.  Joints*  M  145,  etc.  The  rail  ends  are  held  together,  and  in 
line  with  each  other,  by  means  of  rail-Joints,  splice-bars,  or  "flsh- 
plates,"  which  are  clampt  to  the  sides  of  the  rails,  near  their 
ends,  by  means  of  bolts  passing  thru  holes  in  both  the  plates  and 
the  rail-webs. 

4.  Spikes,  UK  96,  etc,  driven  into  the  ties  beside  the  rails,  hold 
the  rails  down  to  the  ties  by  means  of  their  overhanging  heads 
which  grip  the  edges  of  the  rail  bases;  and  their  shanks  resist 
lateral  sliding  of  the  rails  on  the  ties. 

5.  Tie-plates*  H  If  135,  etc.  are  largely  used  to  distribute  the 
rail  pressures  over  a  larger  area  of  tie  surface.  They  thus  reduce 
the  unit  pressures  on  the  ties,  and  the  crushing  effect  of  the  loads. 

6.  Ties,  f  H  31,  etc,  serv  to  distribute,  in  and  thruout  the  bal- 
last, the  vert  loads  and  the  hor  thrusts  delivered  by  the  rolling 
stock. 

7.  Ballast,  Ifll  19,  etc,  not  only  takes  the  loads  and  transmits 
them  to  the  roadbed  or  ground,  but  it  usually  has  the  additional 
function  of  prolonging  the  life  of  the  ties  by  permitting  water  to 
flow  away  thru  it  from  them. 

8.  Roadbed.  The  track  proper,  including  the  ballast,  rests 
upon  the  ground,  or  roadbed ;  which  must  not  only  be  of  sufll- 
cfently  firm  material  to  hold  the  ballast  and  track  up  to  level, 
but  should  also  be  so  prepared  as  to  drain  away  any  water 
that  may  collect.  For  tnis  purpose,  ditches  must  often  be  pro- 
vided alongside  the  roadbed,  to  carry  off  the  water  draind  from 
the  track,  except  where  the  road  is  on  an  embankment 

Specilleatlons. 

••  Thruout  this  article  on  Track,  liberal  nse  has  been  made  of 
Specifications  and  other  printed  records  of  standard  practice; 
and,  where  such  data  are  quoted,  or  abstracted,  the  fact  is  indi- 
cated by  the  use  of  foot-notes,  the  proper  foot-note  mark  being 
placed  both  at  the  beginning  and  at  the  end  of  each  such  paragraf 
or  quotation,  accompanied,  in  some  cases,  by  figures  denoting  the 
year  of  publication. 

The  references  most  frequently  made  are  the  following: 

*  foot-note  refers  to  American  Railway  Engineering  Associa- 
tion ;  Manual,  1915. 

t  foot-note  refers  to  Pennsylvania  R  R  Specifications  for  the 
Construction  and  Maintenance  of  Standard  Railroad;  1909,  and 
other  P  R  R  Specfns,  1908-1914. 

t  foot-note  refers  to  Union  Pacific  R  R  Co.  Rules  and  Regu- 
lations for  the  Maintenance  of  Way  &  Structures ;  1909. 

•Am  Ry  Engg  Assn.    fP  R  R.    |U  P  R  R. 

Digitized  by\jOOgl€ 


TBACK. 


781 


ClMutflcatlon  of  Traek 

Am  By  Eng  Assn,  Manual,  1915,  p  15. 
10.  Railways,  and  portions   ("districts")   of  railways,  are  classi- 
fied  by   the   AREA,   according   to   the  volume  and   character   or 
the'r  traffic,  as  follows  : — 


Class 

Class  A,  B  or  C  includes 

all  districts  of  a 

railway 

Prtcar    |  Passr  car 
mileage  ;    mileage 
per  year   :  per  year 
per  mile   ;  per  mile 

Max  speed 
passr 
trains 

miles/hr 

A 

B 
C 

haying    (1)    more   than 
one    main    track,    or 
(2)  single  main  track, 
with  traffic   < 

single  track,  with  traf- 
fic <  A.  and   < 

not   meeting  the   traffic 
require  ments      of 
Classes  A  and  B. 

150,000 
50,000 

10.000 
6,000 

50 

40 

11.  SUtffle  track. 

«A  R  B  A     Fig  1 

Sodding  of  roadbed  shoulder  next  to  ditch,  and  of  slopes  of  ditch, 
recommended. 


Width,  ins 

Depth, 
ins 

Slope 

~  a~ 

A 

Q 

5 

D 

d 

Crusht  stone  and  slag 

Class  A( 

120 
96 

84 

96 

102 

78 
64 

39     19 

12 
9 

12 
9 

6 

8 
8 

2:1 
2:1 

.T:  1 
3:1 

3:1 

Class  B    

80 

61 
39 

18 

80 

86 

16 

19 
16 

18 

15 

15 

Gravel,  cinders,  chats,  etc 
Class  AS 

Class  B    

Cementing  gravel  and  chert 

Class  C*    

tUnlon  Pacific.  1909 

Broken  stone  or  slag.  Fig  1  . . . 

Gravel,    burnt    clay    or    cinder, 
Fii  1    

Earth, 
Sand, 

See     Fig     2 
See     Fig     3t 

•Am  By  Bngg  Assn.  tP  R  R.   tU  P  R  R.  See  also  Specifications  p  780. 

S  Clnss  A  dimensions  give  mln  depths,   ti,  under  ties.     They  are 
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In    Fill  /«    Cut 

•t  Double  trAck.     13  ft  between  centen  of  tracks. *t 


ROADBED 

Specifipatfon*.    (See  Pigs  and  table  above.) 
Dltrb«K. 

V2*  Pitches,  af  almensions  and  slopes  ample  for  jrood  drainage. 
lire  not  only  cssyntial  to  economy  of  maintenance.  Tney  mar  also, 
by  Improving  tlie  drainage,  permit  the  use  of  cheaper  ballast 
nmti  uuuld  otherwise  be  acceptable.  In  long  cuts  of  slight  ^rade. 
It  may  bo  Decei».-)ary  to  give  the  ditches  a  slope  greater  than  that 
of  the  rtKidway.  necessitating  a  gradual  increase  in  their  depth, 
from  the  Hummit  downward,  with  corresponding  increase  in  tneir 
Tcldth.  8loi>es  t  commonly  4  to  6  Ins  per  100  ft]  and  dimensions 
nf  tUU'Uvs  riiii^t  bo  governd  by  the  conditions  of  the  given  case; 
Burb  a»: — leD|;ih  and  depth  of  cut;  character  of  material  (im- 
pervious matcrUils  requiring  larger  and  steeper  ditches)  ;  cost  of 
width  of  rotidwaj',  area  and  character  of  water-shed,  whether 
wat(?r  issiieK  rrom  the  slopes  of  the  cut,  etc.  The  cross-section 
whtcb  l»e<xt  facilitates  flow  is  that  which  gives  the  greatest  area 
relative  I J  to  the  wetted  perimeter,  see  pp  523,  528,  563,  etc. 

13.  Ff»r  henvr  flows*  especially  in  loose  material,  the  ditcb 
should  W  paveJ   or  rip-rapt 

l-l.  Thp  slopo^  of  cuts  and  of  embankments  are  often  protected 
frotii  f^orface  drnlnage  by  *%arface  ditches",  paralleling  the  line, 
!iDd  ppt  H>  or  15  ft  or  more  back  from  the  upper  edge  of  the  cut 
or  tu<^  of  bank. 

15.  rtidet-d rains.  Some  B^peclflcations  require  the  use  of  6-lncb 
tile  dininii.   plac^^d  2  ft  below  the  ditches. 

illi  M  ee  111!  iif*ou  s. 

IG.  Mr.  Don  J.  Whittemore  recommends  the  rounding  o/T  of  the 
an(;h  t  nbicb  firt^  commonly  shown  In  roadbed  cross-sections. 
A  S  r  JC  Tran*;.  1SV>4,   Sept. 

17.  Crown.  To  facilitate  drainage  of  the  ballast,  it  is  usual 
to  give  tlie  roadbf?d  a  "crown",  making  its  elevation  one  or  two 
Incbps   hltjhpr   in    the  center  than  at  the  sides.     The  cross-section 

r^^#yflb*   iwxy  In-  u    i?urv.  or  may   consist  of  straight  lines,  descend- 
ng  diagonally  from  the  center. 

tK.  Sod  line.  On  embankments,  a  strip  of  sod,  about  a  foot 
wide,  rujiDlni;  along  the  roadbed,  next  to  each  edge,  protects  the 
Hhoiilder  af^^atntit   wash,  and  diminishes  loss  of  ballast. 


•Am  Ity  Engg  Asan.  fP  R  R.    }U  P  R  R.  See  also  Specifications  p  780. 
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BAIiliAST. 

19.  Stone.  *  Stone  broken  by  artificial  means  into  small  frag- 
ments of  specified  sizes.*  Broken  stone  is  the  universally  preferd 
ballast  for  flrst-class  conditions.  The  stones  preferd,  in  approz 
order  of  preference,  are  trap,  granite  (or  syenite,  granite  contain- 
ing hornblende  instead  of  mica),  limeetone  and  %andetone, 
Screeningt,  from  the  stone  crusher,  are  commonly  used  in  station 
platforms,  and  as  ballast  for  side  tracks;  but  they  chum  badly 
under  the   ties   when   wet,     Requirementa ; —  f  "Trap   rock,   or  an 

acceptable  Igneous  or  equally  hard  and  suitable  stone 

regarded  as  standard  material."  Crushing  stress  <  12,000  Ibs/sq 
Inch;  limestone,  <  10,000  Ibs/sq  inch.  Must  be  broken  in  cubical 
form.     Must  pass  thru  3"  ring,  but  not  thru  1.25"  ring.t 

20.  Gravel  is  cheap,  when  found  near  the  work,  and  is  easily 
applied.  Sand  and  clay,  in  gravel,  impede  drainage;  while  sand 
ana  dust  cause  wear  of  tires  and  journals.  Requirementa. 
•Pebbles  to  pass  a  2.5  inch  ring,  and  be  retaind  on  No.  10  screen. 
1915.*     t  <  2.6  ins:  1906.t 

21.  SlsMg.  Hard  -—  .  Blast  furnace  slag,  deposited  and  coold 
In  air.  If  it  contains  but  little  free  lime,  it  is  hard  and  glassy, 
and,  when  crush t,  rivals  broken  stone  as  ballast  material ;  but  it 
stometimes  affects  the  ties  chemically.  An  excess  of  free  lime 
leads  to  disintegration,  and  sometimes  to  setting,  like  that  of 
mortAT. 

22.  Slag.  Granalated  —  .  Slag  into  which,  when  molten, 
water  has  been  injected.  It  consists  of  particles  of  very  uniform 
size,  about  equal  to  that  of  very  coarse  sand  grains.  It  Is  easily 
applied,  and  is  used  In  yards  and  on  side  tracks.  It  is  apt  to 
slake,  solidifying,  and  Impeding  drainage,  if  much  free  lime  is 
present 

2S.  Cinder.  Taken  from  locomotiv  ash-pits.  Cinder  ballast 
drains  well,  but  yields  under  heavv  traffic.  It  sometimes  affects 
the  ties  chemically,  especially  when  wet.  'Recommended  for 
branch  lines  with  light  traffic,  in  sidings  and  yard  tracks  near 
point  of  production ;  as  sub-ballast  in  wet.  spongy  places ;  as  sub- 
ballast  on  new  work  where  dumps  are  settling ;  and  at  places  where 
the  track  heavs  from  frost.  Make  provisions  for  wetting  down 
cinders  soon  as  drawn.     1915.* 

24.  Barnt  eiay  ballast  drains  welL  It  is  easy  to  work,  and 
stands  well  under  light  traffic.  Requirementa; — *nse  black 
gumbo  or  other  suitable  clay  free  from  sand  or  silt  Before 
establishing  kiln,  test  material  thoroly  in  a  small  test  kiln.  Bum 
hard  and  tnoroly.  Fuel  shoold  be  fresh,  and  clean  enough  to  bum 
with  a  clean  fire.  Keep  enough  fuel  on  hand  to  prevent  Interrup- 
"-(on  of  burning.  Cool  the  ballast  before  loading  out  of  pit. 
Absorption  of  water  >   15%  by  wt     1911.* 

28.  Chats.  'Particles  of  quartz,  about  as  large  as  wheat 
grains.  They  are  the  tailings  from  mills  in  which  zinc  and  lead 
ores  are  separated  from  the  rocks  In  which  they  occur.*  Chat 
ballast  works  easily.  It  keeps  down  weeds,  stands  wet  weather 
and  holds  its  surface  well;  but,  owing  to  lack  of  cohesion,  it  is 
easily  shifted  laterally.     It  Is  dusty  under  high  speeds. 

2Sa.  Sand  ballast  is  easily  handled.  It  does  not  become  plas- 
tic when  wet;  but  It  is  heavd  by  frost,  and,  when  dry.  It  is  very 
dusty,  and  therefore  annoying  to  passengers,  and  Injurious  to 
rolling  stock,  causing  hot-boxes. 

25b.  Dirt  ballast,  In  wet  wether,  becomes  mud.  The  more 
sand  it  contains,  the  better. 

25e.  Gnnsbo.  *A  term  commonly  used  for  a  particularly  ten- 
acious clay,  containing  no  sand.* 

25d.  Chert.  *An  impure  flint  or  hornstone  occuring  in  natural 
deposits.* 

*Am  Ry  Engg  Assn.  fP  B  B.   tU  P  R  R.  See  also  E^dfications  p  780. 
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Cross  S«ctloiui  of  Ballast. 

See  Figs  1-3. 

26.  Depth.  Ballast  should  be  of  such  depth  that  the  load,  dis- 
tributed to  the  roadbed  shall  not  crush  the  ballast  or  break  tbo 
ties. 

27.  Width*  Ballast  section  should  be  wide  enonffh  to  hold  the 
track  firmly  in  line.  The  width,  necessary  for  this,  depends  oo 
the  weight  and  angularity  of  the  material.  The  ballast  side 
slopes  should  be  such  that  the  section  will  retain  its  form  under 
the  Jar  of  trains. 

28.  The  economy  In  first  cost,  effected  by  the  adoption  of  too 
narroto  a  roadbed  may  be  offset  by  Increase  in  cost  of  malnte> 
nance,  due  to  difficulty  in  providing  proper  drainage,  and  in  keep- 
ing ballast  in  place.  In  cuts^  a  narrow  roadbed  increases  the 
difficulty  of  replacing  ties. 

29.  Ties  In  ballast.  With  broken  stone,  hard  slag  and  other 
ballasts  favorable  to  drainage,  the  top  surface  of  the  ballast  is 
made  flush  with  the  top  of  the  ties;  and,  in  very  light,  non- 
packing  material,  the  ballast  sometimes  buries  the  ties,  and  ex- 
tends a  foot  or  two  beyond  their  ends,  at  each  side  of  the  track; 
but,  in  materials  unfavorable  to  drainage,  the  end  of  the  tie  Is 
left  exposed,  in  order  to  facilitate  evaporation  and  to  prevent 
chuminer  In  wet  weather.  In  wet  situations  the  ballast  shoald  be 
deeper  than  ordinary. 

*0n  Class  C  lines,  use  any  material  which  makes  better  track 
than  does  the  natural  roadbed.     1915.* 

Handllnip,  placing,  tamplnir*  eleanlnfp  and  costs  of  ballast; 
see  under  ''Laying  and  Maintenance",  K  If  18S,  etc 

30.  Cubic  yards  per  iiiie-mlle.    Deduct  for  ties.     See  f  41. 
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20 

21 
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8085 

8427 
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0112 

21 

TIBS. 
•  Definitions* 

81.  Checks.    Small  cracks  in  the  wood,  due  to  seasoning. 

Cull  tie.    A  tie  which  does  not  conform  to  the  specifications. 

Doty  tie.     AfTected  by  fungus  disease. 

Face.    The  upper  or  lower  plane  surface  of  a  tie. 

Half-round  tie.  Having  greater  width  on  lower  than  on  top 
face. 

Head  block.  A  member  or  members  of  a  set  used  to  support 
the  switch-point  operating   mechanism. 

Heart  tie.  Showing  sapwood  on  one  or  two  comers  only:  aap- 
wood  measuring  >  one  inch  on  either  corner,  on  lines  drawn 
diagonally  across  the  end  of  the  tie.     See  also  Strict  heart  tie. 

Intermediate  tie.     Any  tie  used  between  Joint  ties. 

Joint  tie.     A  tie  used  under  a  rail  joint 


•Am  By  Engg  Assn.  fP  R  R.   *U  P  R  R.  See  also  Sl 
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Peeky  tie.  Made  from  a  cypress  tree  affected  with  a  fun^tis 
disease  known  locally  as  peck. 

Pole  tie.  Made  from  a  tree  of  such  size  that  not  more  than 
one  tie  can  be  made  from  a  section.  Hewn  or  sawn  on  2  parallel 
faces. 

Quairterd  tie.  Made  from  a  tree  of  such  size  that  four  ties 
onlr  are  made  from  a  section. 

Sap  tie.  Showing  more  than  the  prescribed  amount  of  sap* 
wood  in  cross-section. 

Shakes.  Separations  of  the  wood  fiber,  due  to  the  action  of 
the  wind. 

Slab  tie.    A  tie  made  from  the  first  or  outside  cut  of  a  log. 

8iabl»ed  tie.     Sawd  on  top  and  bottom  only. 

Spilt  tie.  Made  by  SDlltting  from  a  tree  of  such  size  that  two 
or  more  ties  can  be  made  from  a  section. 

Strlet  heart  tie.    Haying  no  sapwood.     See  also  Heart  tie. 

Sobiitltiite  tie.     Any  tie  other  than  a  wood  tie. 

Switch  tie.     Tie  of  a  set  used  to  support  a  turnout. 

Tapped  tie.  Made  from  a  tree,  toe  resin  or  turpentine  of 
which  has  been  extracted  before  felling. 

Treated  tie.  A  tie  which  has  been  subjected  to  a  process 
designd  to  protect  it  from  decay. 

Wane  tie.  Squared  and  showing  part  of  the  original  surface 
of  the  tree  on  one  or  more  corners.* 

GeneraL 
Dlmeii»iona»  Bearlns*  etc* 

32.  A  tie,  acting  as  a  continuous  beam,  seryg  to  distribute  the 
rail  pressures  to  the  ballast  under  it,  and  its  dimensions  should 
be  such  as  to  enable  it  to  effect  this  distribution  with  tolerable 
uniformity.  Where  a  tie  is  more  firmly  supported  at  the  middle 
of  its  length  than  near  the  rails,  it  is  said  to  be  center-bound.  A 
tie  of  sufllcient  length  transmits  a  fair  proportion  of  the  load  to 
the  ballast  beyond  the  rails,  correspondingly  relieving  the  portion 
betw  the  rails.  The  thickness  is  commonly  fibout  6  or  7  inches. 
A  6-lnch  tie  is  hardlv  stiff  enough  for  heavy  traffic,  especially 
where  center  binding  Is  likely  to  occur ;  and  is  apt  to  be  split  by 
the  spikes,  since  these,  when  driven,  extend  to  very  near  the 
lower  face.  Since  beam  stiffness  varies  as  the  cube  of  the  depth, 
the  resistance  to  bending,  in  a  7-lnch  tie,  is,  to  that  in  a  6-liich 
tie,  as  343  to  216,  or  as  100  to  63.  A  thickness  of  7  Inches  is 
rarely  exceeded  except  with  soft  wooda 

33.  If  more  than  about  40%  of  the  rail  length  bears  on  the  ties, 
the  closeness  of  the  ties  interferes  with  tamping.  The  min  clear 
distance,  betw  ties,  is  about  11  Ins.  With  usual  tie  spacing,  a 
tie  thickness  of  more  than  7  ins  interferes  with  the  work  of  tamp« 
ing.  With  extremely  wide  ties,  the  full  bearing  value  is  not 
always  utilized  because  such  ties  are  seldom  as  thoroly  tampt  as 
are  narrower  ones. 

34.  When  the  spike  enters  the  wood  tangentlally  to  the  growth- 
rings,  it  is  apt  to  split  the  tie. 

35.  Ties  should  be  laid  with  the  heart  side  down,  in  order  that 
the  growth-rings  shall  be  In  such  position  as  to  shed  water. 

3«.  Pole  ties  give  a  rail-bearing  of  heart  wood,  which  resists 
abrasion  better  than  sapwood,  and  the  bulging  sides  give  addi- 
tional bearing  surface. 

37.  Cutting  by  rails.  Moisture,  collecting  betw  rail  and  tie 
promotes  decay ;  and  the  load,  aided  by  the  undulatory  motion  of 
the  rail,  cuts  away  the  decayd  fibers.  This  "rail-cutting"  is  the 
principal  cause  of  tie  failures. 

88.  '"Ties  should  be  protected  against  failure  from  mechanical 
wear  by  means  of  iie-plaiet  and  torew^pikee."  A  RE)  A  Procs 
1915  Vol  16,  p522. 

•"The  use  of  treated  ties  wherever  practicable  is  recommended."* 

•Am  By  Engg  Assn.  fP  R  R.   |U  P  R  R.  See  also  Specifications  .n  780. 
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39.  Cedar  is  light,  and  resists  decay  well;  but  Is  ^bmUj  cmsht 

by  the  rail.  On  tracks  having  light  traffic,  or  where  protected  by 
tie  plates,  cedar  ties  may  last  from  15  to  20  years.  Sound  dead 
cedar  makes  as  durable  ties  as  live  cedar. 

White  oak  ties  are  preferd.  When  well  seasond,  they  hold  the 
spikes  very  firmly;  and  resist  rail  cutting  until  the  wood  decays. 
Life,  from  5  to  10  years;  average  of  many  roads,  8^  years.  A 
Bawd  and  seasond  white  oak  tie,  7  ins  X  9  ins,  8  ft  Ions,  weishs 
about  185  lbs. 

Rock  oak  is  less  tough  than  white  oak.  Its  life  is  about  the 
same. 

Soutkem  yellow  pine  ties  last  from  4  to  6  years  in  the  soatb : 
and  from  8  to  12  years  in  the  north. 

Chestnut  ties  last  from  7  to  9  years.  Chestnut  checks  badly 
in  the  sun ;  but  holds  spikes  well,  and  is  of  medium  hardneaa. 

Redwood  is  soft,  but  durable.  Redwood  ties,  with  tie  plates; 
last  from  10  to  14  years. 

Wild  cherry,  locust  and  walnut  ties  last  about  8  years. 

401.  Specifications.  *Wood8  usable  for  ties  «ithoui  pre««rvaM9 
treatment :  white  oak  family,  long-leaf  strict  heart  yellow  pine, 
cypress  (other  than  white),  redwood,  white  cedar,  chestnut,  catalpa, 
locust   (other  than  honey),  walnut,  black  cherry.* 

•Woods  preferably  requiring  a  preservativ  treatment  approred 
by  the  purchaser:  red  oak  family,  beech,  elm,  maple,  gum,  foblollv. 
short-leaf,  lodgepole,  western  yellow  pine,  Norway,  North  Carolina 
pine  and  other  sap  bines,  red  fir,  spruce,  hemlock,  tamarack.* 

Switch-ties,  tusable  vrithoui  preservativ  treatment;  white 
oaks,  black  locust,  black  walnut,  black  cherry,  longleaTd  pines. 
Usable  only  after  preacrvativ  treatment ;  red  oaks,  beech,  hickories, 
hard  maples,  birches.   1913.t 

See  also  under  Turnouts,  Part  I,  HH  128,  etc 


41.  Classification. 
101. -|,  p  50. 


Dimensions. 

Dimensions  from  Am  Ry  EhuT 


Manual, 


Volume  of  one  tie,  in  cub  ft 

•Class 

Thick- 
ness, 
ins. 

B\ice 

width, 

ins. 

Length,  8  ft 
cub  ft 

Length.  8.6  ft 
cub  ft 

Length.  8  ft 
cub  ft 

•A 
B 
C 
D 
E 

7 
7 
7 
6 
6 

10 
9 
8 
0 

8 

8.889 
3.500 
3.111 
8.000 
2.667 

4.182 
8.719 
S.S05 
3.188 
2.883 

4.375 
3.938 
3.500 
8.875 
S.0OO 

*  Permissible  excess  t — in  thickness,  %  inch :  in  width.  2  ins ; 
in  length,  1  inch.  In  pole  ties  with  rounded  sides,  and  in  half- 
round  ties,  the  face  width  may  be  <  above  (  <  6  ins).  proTlded 
cross-section  area  <  that  corresponding  to  tabular  dimensions. 
Thickness,  <  6  ins.* 

Spacing. 
42.  JTumber  of  ties  required  under  one  raU_ length :— - 

'   On  main   |    On  side    i 
I   running    .   tracks  ft 
tracks     '  branches  ' 


SS-ft  rail 

1  If  ties  are   <   standard, 
t  According  to  wt  of  traffic, 

SO-fi  rail 

If  ties  are  <  s tandard, 


18t 

201 

16  to  20t 

16t 

i8i__ 


161 

16t 
14t 


layarda 
and  on 
sidings 

let 

14t 
14$ 


For  shorter  raiU,  use  a  proportional  number  of  ties.t 
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MazlHtvai   allowable   distuee   betweem   bearing   surf aees. 

tBetween  joint  ties,  11  Ins;  betw  intermediate  ties  in  main  running 
tracks,  18  in&t 

Tie  Timber  Conaerratlon. 
4S.  On  account  of  Increasing  scarcity  and  cost  of  tie  timber,  re- 
course is  had  (1)  to  chemical  treatment,  H  H  44,  etc.,  (2)  to  fores- 
try, f  f  54,  etc,  for  the  growing  of  trees  for  use  as  ties,  (3) 
to  redaction  of  wear  on  ties,  as  by  tie  plates,  If  V  135,  etc.,  and 
(4)  to  the  use  of  ties  of  other  materials,  as  steel  or  reinforced 
concrete,  H  tf  61,  etc. 

PreaerratlTS. 

44.  The  eeonoBsy  of  treated  ties  lies  not  only  in  their  increast 
length  of  life,  but  in  the  reduction  of  the  labor  of  tie  renewals  and 
of  the  resulting  disturbance  to  the  embedment. 

45.  Inferior  tiasber.  Chemlcnl  treatment,  and  the  use  of  tie 
plates,  permit  the  use  of  timbers  not  otherwise  suitable,  and  of 
sound  dead  timber. 

4e.  Steaming.  For  thoroly  alr-seasond  ties,  preliminary  vacu- 
um <  24  ins  mercury,  maintaind  <  10  mlns.  Preservativ  then 
admitted  without  breaking  the  yac* 

*  For  ties  not  thoroly  alr-seasond,  a  pressure  of  20  lbs  per  sq 
inch  must  be  attaind  withlu  from  30  to  50  mins,  and  maintaind 
(not  exceeded)  from  1  to  5  hrs,  depending  upon  character  and  con- 
dition of  timber.  A  vent  must  be  kept  open,  in  bottom  of  cyl,  or 
in  drain  therefrom,  for  escape  of  air  and  condenst  steam.  After 
steaming,  vacuum  <  24  ins  of  mercury  at  sea  level  (corresponding 
degs  of  vac  at  other  altitudes)  mnlntaind  for  half  hour.  Preserva- 
tiv then  admitted  without  breaking  vac.* 

*  IJnseasond  ties,  which  are  to  be  creosoted,  may  be  given  long 
steaming,  or  seasoning  in  hot  creosote  oil.* 

47.  *Zlne  chlorid  treatment  (Barnettlainir).  See  also  p  1135. 
Solution,  heated  to  <  140*  Fahr,  to  be  admitted  without  other- 
wise reducing  vacuum.  Wood  must  absorb  0.5  lb  dry  soluble  chlorid 
per  en  ft.  Solution  must  be  only  strong  enough  to  give  this 
absorotion,  and  >  6%.  Steam  pres  maintained  in  steam  coils  of 
machine  daring  treatmt.* 

*  Chlorid  must  be  slightly  basic,  without  free  acid ;  iron 
>  0.25%.* 

*  Sample  borings  to  be  taken,  from  time  to  time,  from  •<  6  ties 
treat<^  In  the  same  run.  Bore-holes  to  be  tightly  and  completely 
closed  with  creosoted  plugs.* 

*  Ties  must  be  allowed  to  dry  (in  order  to  harden  surface) 
before  placing  in  track.* 

48.  *Zlne  ehloHd,  tannin  and  srlne  Treatment.  See  p  1135. 
Zinc  chlorid  as  above.  Solution  then  blown  or  run  off.  Ties  dralnd 
15  mins.  2%  tannic  acid  solution  (6.67  lbs  of  30%  extract  of  tan- 
nin to  100  lbs  water)  applied  half  hour  under  pres  of  100  ibs/sq  in. 
Tannin  solution  run  off,  and  1%  glue  solution  (2.1  lbs  glue,  con- 
taining 50%  gelatin,  in  100  lbs  water)  applied  for  half  hour  under 
same  prea* 

49.  *Creo«ote.  See  p  1134.  Coal-tar  creosote  oil;  at  38* 
Centigrade,  completely  liquid,  and  <  1.03  sp  grav ;  >  3%  water; 
heated  to  160"   Fahr.     Pressure,  100  Ibs/sq  inch.* 

50.  *Zlnc-ereosote  Emnliilon.  Emulsion  to  contain  <  10% 
creosote.  Heated  to  <  140"  Fahr.  Pres,  100  Ibs/sq  inch.  Wood 
to  retain  an  avge  of  0.4  lb  dry  soluble  chlorid  and  from  1.2.5  to 
1.5  lbs  creosote,  per  cub  ft.  Zinc-chlorid  solution  not  stronger  than 
3.5%  :  to  contain  >  0.25%   iron. 

•Am  By  Engg  Assn.  fP  B  R.   $U  P  B  R.  See  also  Specifications  p  780. 
55 
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51.  *  Tw««lBjectl#m  Zlnc-creoiiote.  Zinc  lolutlon  iit 
tban  5%  :  healed  la  <  140*  Fnhr.  Wood  to  recclv  < 
soluble  cbtorld  r"?r  cub  ft.  Solutloo  thtrn  run  off,  creoflot 
Pahr;  Jmt£iedkLHy  adtnittt^a  and  preft  npplted;  3  lbs  oil  j 
Water,  exceedio^  6%,  to  be  removed.* 

SS.  Z/fM  Creo&ot^  ptne  tlea  I&fit  abotit  15  jfS,  cm 
18  yrf?.  find  crw>»oted  beech  20  jt^^  in  inaiti  tmek :  mud 
quent  Ferris,  about  one  tbird  as  long,  la  side  traclL. 

SS.  Unjionsond  tips  to  be  piled  for  acaaoning:  green  tie 
from  partly  seasond  ties :  all  resting  on  treated  nirln, 
<  6  ins  ah'  space  under  lowest  tier;  top  tier  laid  ^loplti 
a  wrtter  sbed.  Betw  pllea,  leave  alleys,  4  ft  clear  wM 
direction.  I  ft  in  the  other,  Heqislred  degrre  of  settaot 
detemiind  by  test,  finding  that  weight  at  which  each 
best  receive  the  treatmeot.  Ties  threat  end  with  cheelcln 
protected  by  S  Irons,  bolts  or  other  devlc^fl.  Adalog  or  \ 
tifhpiaies  or  screw  splkeflY  mtiAt  be  done  before  treat maat, 

ForeiitrT* 

54.  Culture  of  timber  should  be  undertaken  only  by  i 
esterK,  We  here  outline  only  fundAOierilals  of  general  1 
eDglneers. 

55.  FtlUng  woMon.  Whatever  season  Is  selected  for  i 
trees,  the  tlea  made  frono  tbena  should  have  at  least  a 
for  seasoning  before  going  into  track.  However,  the  m 
cutting  and  for  tie  renewals  come  pd  close  together,  tl 
difflrnk  to  oljHerr  without  holding  the  ties  orer  a  year. 
cut  preferably  from  Oct  to  Mar  ;*     IBep  to  Mar.f 

50.  Bark  should  be  peeld  soon  after  felling,  to  hfl«tei 
tlon   siiid   to   pn-vent  "f^ourlns".     liacingr  ti**«   In,   track, 
on.  mit  only  hastens  decay »  but  renders  the  tle«  more  In 
*  Bark  to  be  removed  from  all  ties  before  their  delivery 

57.  MrthotU  of  cuiting  trees  and  of  cutting  tie*  from 
usually  wasteful.  Wood  In  frequently  lost  by  leaving  uni 
large  Ktumpw.  and  thru  fiilhne  to  follow  as  far  up  as  po 
the  lre4>;  larpe  trees  sMmierluirs  iiJTordlnff  ties  from  *helr 
Much  is  frequently  lost  by  cutting  trees  which  ar«  « 
enough  to  afford  pole  ties  (one  from  each  section »  ;  w 
waiting  five  or  ten  years,  two  ties  could  be  obtaind  from 

5S.  Forefttation.  The  early  praetiee  waa  to  plant  on 
growing  trees;  but  It  has  ttecn  found  I  bat  other  Impo 
slderatlons  (such  au  llablUty  to  ntUck  hy  parasites,  loi 
or  short  life  !n  the  track,  etc*  may  well  lead  to  the  m 
slowergrowiuiiir  tribes.  ICach  tract  of  available  ground,  t 
be  cari'fuUv  studied  as  to  what  species  it  can  best  prodi 
frequently  'better,  also,  to  develop  existing  imperfect  tlnj 
than  to  attempt  complete  reforestation  from  the  seed. 

50*  Fire  prcrffitifyn  may  freouently  warrant  conslderttfl 
tnres  for  piiirollng,  eapociaJlj  in  dry  wether, 

Datlngr  Nalia. 

eo.   'Iron  or  steel,  evenly  galvflnlssed^  H  Inch  dlam.  2U 
head   %  inch  diuui,  stampt  l/ltil  Inch  deep  wUh  2  ntnn 
long,    designntlng    the   year.      Nail    driven    iu    upper 
treated  tic,  10  tus  lu^lde  of  rail,  on  line  side  of  tracli, 
of  laying.     Each  treated  tie  stnmpt  also  with  year,  on  ttot 
treating   plant,    before    treatment.* 

•Am  Ry  Engg  Asan.  fP  B  E.   |P^  R WjldgkEK>  SpeelflaMI 
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GcneraL 

•1.  A  sabBtltttte  tie  Is  "any  tie  other  than  a  wood  tie.*'  Am  By 
Sng  Assn  Procs,  1915,  Vol  16,  p  522;  Ties  Committee  Report. 

62.  Owine  to  the  rapidly  fncreaaiiig  scarcity  of  suitable  timber, 
substitute  ties  are  largely  used  iu  Europe;  and  their  use,  ezpeil- 
mentally  or  in  senrice,  has  been  actlvly  taken  up  by  many  Ameri- 
can railroads,  including  some  Important  systems. 

The  use  of  substitute  ties  IuvoIts  bo  radical  a  change  In  R  B 
practice  that  considerable  experience  In  their  use  will  be  required, 
to  determin  satisfactorily  their  relatiy  adTfintages  and  disadvan- 
tages. 

6S.  Owing  to  their  uniformity  in  cross-section.  In  strength,  and 
In  bearing  surface,  substitute  ties  (and,  especially,  steel  ties)  hold 
track  to  better  line  and  surface,  and  the  rail  wear  Is  more  uniform. 
Wood  ties,  even  those  of  the  same  wood,  vary  In  quality  when  laid, 
compressing  unequally  under  a  given  load,  and  they  deteriorate 
rapidly  and  unequally  under  exposure.  When  fully  ballasted,  steel 
ties  furnish  a  smoother-riding  and  quieter  track. 

Substitute  ties  are  heavier  than  wood  ties  and  more  expensive 
in  first  cost  It  has  been  found  difficult  to  provide  satisfactory 
rail-fastenings.    See  Screw-spikes,  H  H  107,  etc. 

With  the  growing  use  of  electric  signal  circuits,  the  matter  of 
insulation  has  become  one  of  importance;  and,  in  general,  substi- 
tute ties  offer  greater  difficulties  in  this  respect. 

Substitute  ties.  Is  Id  alternately  between  wood  ties,  hasten  the 
deterioration  of  the  latter. 

Other  things  equal,  the  greater  weight  of  substitute  ties  tends 
to  greater  stability  in  track. 

Substitute  ties  are  either  steel,  concrete  (usually  reinforced)  or 
coraposit  (composed  essentially  of  two  or  more  materials).  Am  Ry 
Eng  Assn,  Procs,  1915,  Vol  6,  p522.     Ties  Committee  Report. 

8te«l  TIeiu 

•4.  T7P«a.  In  Europe,  much  use  has  been  made  of  "longitudi- 
nala"  or  steel  sleepers,  placed  under,  and  parallel  with,  the  rails, 
and  of  Inverted  cast  iron  "bowls",  placed  opposit  each  other.  uDder 
the  rails,  ^t  intervals,  and  connected  by  ties  extending  acrosn  the 
track ;  but,  in  America,  practice  and  experiment  with  substitute 
ties  have  been  practically  confined  to  cross  ties  having  functions 
generally  similar  to  those  of  the  wooden  tie. 

65.  The  earlier  experiments  were  with  inverted-trough  ties:  and 
such  ties  are  still  used  under  light  traffic ;  but  the  inverted-T 
type,  represented  by  the  Carnegie  steel  tie,  K  ll  70,  etc,  is  much  the 
most  largely  used. 

•6.  A  flat  bottom,  as  distinguisht  from  one  having  downward 
projections,  facilitates  tamping. 

67.  Tbe  fastenlns*  consist  generally  either  of  bolts  and  clips, 
or  of  wedges.  They  should  permit  a^ustment  for  differences  of 
gage  and  of  rail  section. 

68.  Tli«  emrt  of  steel  ties  Is  usually  from  4  to  6  times  that  of 
good  oak  ties;  bat  the  steel  should  have  a  longer  life  than  the  o»k 
tie,  and  considerable  scrap  value  when  no  longer  available  for  tie 
purposes. 

66.  IferHs  md  deaaerlts.  Steel  ties  hold  trach  absolutely  to 
gage.  Owing  to  their  uniformity  in  cross-section,  in  strength  and 
in  bearing  surface,  they  hold  track  to  better  line  and  surface:  and 
the  rail  wear  is  more  nearly  uniform  than  with  wooden  ties. 

In  the  absence  of  sufficient  data  from  experience,  their  lite  Is 
usually  estimated  at  two  or  three  times  that  of  wood  ties. 
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Owing:  to  their  small  metal  croas^sectlon,  steel  ilea  re 
balluat  than  do  wood  ties  of  the  same  external  dimeusU 

\Vfcn3i]  }+h'*>|  ties  have  been  puaebt  with  sQcire  lioleji,  s$ 
been   fiiuod  tu   begin   In    tbe  comers  of  sucb   boles. 

Slvei  ilea  are  exposed  to  dt'tcrioration  from  rust,  ea 
dump  Bituntion^,  such  CiB  tunnel k,  aud  under  brine  drip 
refrlKerator  ears.  Prittcctiv  ct^aiinga  bave  been  used; 
are  dlfBenlt  of  apijUcailon  to  ties  io  service, 

Tbe  iill-KL*«el  tie  Is  a  satisfBcttiry  eubstitnt**  under  beai 
speed  traflle.  It  is  diiraWr,  Liij,e  nrid  surface  can  be 
(!*f^e  Maint  co^ts,  tf  7^>.  It  bag  Bufbck-nt  resltience,  and  c 
lated.  Tbe  fnstenlntfs  are  usually  luadequate.  Aia  Rf 
Fiocs  19 V2^  Vol  i:!,  Comm  on  Track. 

70,  Carnegie,  Fls»  4  repres<Mit  the  stetd  He  of  tb 
Sttel  Co.  ,1,  plan  of  whole  tie;  D^  side  elevation:  0  i 
Inri^ed  cross-sees  at  m  it  and  op,  Fti;  A,  respectlvly  ;  E  A 
anr)  elevation  showing  rail  and  stiindard  faKtenlngs.  ] 
coftTRe  gravel  ballKPt,  a  ad  on  descemliniif  grades  under  be 
the  Inwc-r  flnriKe  may  be  erirnpt,  us  Hhown  In  A,  B  and  I 
Intt^rfrres  wltb  liallagt  tamplag.  The  tie  may  he  piincl 
weights  of  ruiL 


A    Plan  , 


^^ 


^^b 


jP_  Sid*  £'l#va*ta»A^_^ 


FlR,  4. 


Dltue&siotia.  In  Ins,  etc. 


Tie,  8.5' 


lower 


Section 

lbs/ft 

loag, 
wtjbs 

I>epth 

fiange 

width 

M24 
M25 
M21 
H28 

9.5 
14.5 
20 
27.8 

81 
123 
170 
236 

3 
4^ 

B 

6 

6 

10 

The  faiiening  allows  about  %  loch  play,  t-ert  and  1 

71.  Jnitulation  consistB  of  %  Inch  fiber,  of  which  ther 
plate  iH^tw  tbe  steel  tie  plate  t^bowa  in  Kig  4  F  and  the 
tie,  i'l\  ^  wttj^ber  tinder  ihe  rivet  wanher,  and  (31  a  busbl 
the  rivet  shank. 

72.  7'/<e  firgt  Carnegie  steel  ties  were  placed  OH  tb©  £ 
Lake  Erie  (a  Carnegie-controlled  roadi  In  19(14.  ThejJ 
wrll  ittulrr  heavy  freight  tragic  at  moderate  speeds.  Ij 
speeds,  their  rigidity  ha*  been  fouud   objectionable. 

Owing  to   restriction   of  movement  betw  rail  aod  tle> 
been  found  to  reduce  crt-cpinih 

In  renf^yiini/t  it  has  been  found  that  a  guig  cas 
tbem  than  of  wood  ties.  In  « ngi(*eii^S^.gnr 
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As  a  protection  againat  rust,  they  have  been  dipt  in  hot  tar,  at 
a  cost  of  5  cts  each. 

The  insulation  (see  f  71)  has  been  found  to  work  well  while  in 
good  condition ;  but,  In  3  or  4  years,  the  fiber  plates  wear,  and  the 
t>olt8  become  loose  in  consequence.  See  f  73.  Many  have  been 
remoyed  upon  the  installation  of  automatic  signal  systems. 

The  cost  may  be  taken  at  from  $2.00  to  $2.60  per  tie:  with  20 
cts  additional,  per  tie,  for  fastenings.  This  is  rather  more  than 
double  the  cost  of  wood  ties. 

73.  On  the  Pittsburgh  d  Lake  Erie,  Carnegie  steel  ties,  with 
bolt-and-clip  fastenings,  were  laid  In  new  limestone  ballast,  Aug 
1907,  on  4400  ft  of  main-line  freight  tracks,  speeds  to  30  miles/hr. 
Maintenance  costs  as  follows. 

1908    1909  1910  1911  1912     Total     $/mile 

peryr 
White   oak  $417       95     128     116       04         850         204 

Carnegie    steel  $280     153     428     184     348       1393         334 

In  1911,  the  white  oak  tie  track  was  renewed  once ;  the  steel-tie 
track  three  times.  The  first  17  fiber  plates  gnve  out,  cut  by  rail 
base;  20  bolts  loose  in  steel-tie  clips.  In  1912  the  cost  included 
$102  for  renewing  1000  fiber  plates.  "Practically  no  signal  trouble 
whatever." 

Other  roads  have  reported  less  trouble  in  track  maintenance  than 
with  wood  ties. 

74.  Annual  loss  of  weight,  due  to  rust,  attrition,  etc.,  has  been 
Tsriously  reported,  from  diff  roads,  as  ranging  from  0.7  lb/tie,  or 
0.40%,  in  Blag  or  gravel,  to  4.5  lbs/per  tie,  or  2.55%  in  cinder. 
After  seven  years  of  service,  they  have  shown  little  external  evi- 
dence of  corrosion.  Laid  on  the  Pittsburgh,  Sbawmut  &  Northern 
in  1907,  and  reported  as  giving  "eminent  satisfaction"  In  1913, 
they  appeared  to  be  "failing  quite  rapidly  of  late"  in  1915. 

Carnegie  steel  ties,  laid  on  the  Erie  In  April  1909,  were  found 
rusting  and  depreciating  in  salt  air  in  1913. 

75.  On  the  Duluth,  Missabe  &  Northern,  they  gave  great  satis- 
faction as  substitutes  for  wooden  ties  which  had  given  great  trouble 
on  swampy  ground. 

7C  Where  wedge  fastenings  are  used,  trouble  has  been  experi- 
enced in  keeping  them  tight. 

77.  On  the  Lake  Shore  &  Mich  Southern,  near  Sandusky,  under 
heavy  trafflo  at  high  speed  in  1905-6,  Carnegie  steel  ties  were  laid, 
with  a  wooden  block  fastend  on  top  of  the  upper  flange  under  each 
rail  at  each  tie,  at  a  cost,  complete,  of  $2.25  to  $2.50  per  tie.  The 
blocks  were  fastend  by  bolts,  passing  thru  metal  U-straps  under  the 
tie.  This,  by  confining  the. wood  fibers,  increast  the  pulling  resist- 
ance of  tne  spikes.  Up  to  1908,  the'to  ties  gave  no  more  trouble 
than  wood  in  regard  to  insulation ;  but  trouble  with  the  insulation 
was  experienced  later ;  and  all  of  the  ties  had  been  removed,  in 
1915,  on  account  of  softening  of  the  timber. 

78.  The  L  S  &  M  S,  near  Toledo,  in  1907,  laid  Carnegie  steel  ties 
from  which  the  upper  fianges  bad  been  removed,  and  to  which  two 
wooden  blocks,  one  on  each  side,  had  been  bolted  thru  the  tle-web 
under  each  rail,  and  bearing  on  the  tie  fianges ;  the  rails  being 
spiked  to  the  wooden  blocks  as  to  a  wooden  tie. 

In  1910  these  were  reported  "In  fine  shape",  and  to  have  "held 
surface  and  line  as  well  as  any  track  on  the  L  6  &  M  S." 

70.  The  inverted-trough  section,  owing  to  its  downward  projec- 
tions, is  unfavorable  to  tamping.  Hence,  it  is  made  shallow,  and 
this  renders  the  tie  weak  vertically.  It  is  still  used  under  light 
trafllc,  as  in  industrial,  construction  and  mining  tracks,  etc. 
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80.  Plga    5    fthow    (TWO    formfi   of   tbe   Carnegie  «tecl 
*!kannel  tic,  with  tbetr  faBtealogs. 

Til"  r4>1lci'Wtnir  sections  aro  farnlBht^  dlmensloni  IB  Iild 

Section  lbs  per  ft       Depth  Extreme  Width       Weh  tbidfc 
MIfl          2.5                  %  A 

M2G  3.2  I'A,  4"/„ 

M20  6  2  e 

M27  r»  214  T 


Fi0.  5. 


For    iwinr    irort.    thp    clips*    arr*   preft    out    of,    or 
horlxotiiiil  potrlion  of  the  tie  Ueelf, 

In  in^OO  19U1,  /'ifrtrtrr  Carnegie  steel  trough  ties,  ire 
lbs  PHch.  were  Inntnltpd  on  fh*':  firxm^mer  rf  Lafte  firte. 
ycuris'  service,  tliey  hrtd  lost  2.5  Ihe/he/jr,  —  1.25%/yr, 
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no  ftppreclahle  wear  under  the  mlli 
Cancr^te  and  Compoiilte  Ties. 

81.  IH«rltA  aQil  demerits.  Concrete  and  composltt'^^ 
fllly  heavier  ttian  Kteel  ties  for  the  same  service  ;  hut  le* 
Motith^  are  required  for  proper  set  of  concrete.  Cone  1 
not  protected  by  metal,  arc  vulnerable  to  blowa,  aji  In  d 
It  i^  d  I  then  It  to  provide  uitisfactorjr  faBtenlngs.  Their  1 
the  roughue»i}  of  their  Burfs  are  favorFtble  to  lateral  sta 
the  aheeoec  of  dowowanl  proiectJofi&  la  favorfihle  tp  tn 
to  removaL  The  cone  lt«elf  furnishes  tolerable  Insulotl 
Qal  circuits;  but  tbere  H  danger  of  contact  thru  the 
metaL 

TJn^lt    have    ffrncrullp    faihf,    bj    reason    of    brlttleneai 
weight    I  renderini^  hHudllng  dlfGrultl    and   deterioration 
fng  wU^n  this  Is  of  nspbait  mttstir. 

Am  lly  Enji  Assn  Procs,  1012,  Vol  13.    Report  of  Tie  ' 

82.  The  followlnjf  rerorda  of  experience  with  eoa 
may  lie  of  vnbie  as  iodlcating  what  has  lieen  done  and  IC 
be  avoided*  In  makiug  eucb.   ties. 

82a.  1:2:3  concrete,  reinforced  by  2^  Inch  longltTi 
Iron  pipes  aud  a  sbeet  5  x  8-^  los  of  heavy  wire  oett 
each  mil  Weight,  321  lbs;  fastealnF^s^  35  lbs  addltki] 
to  ^1.75  each. 

83b*  Trapexoldal,  with  batterd  enda.  Reinforced  bf  c* 
meth.  No  ie  iraKe,  %  Inch  pitch,  and  by  ^"^  rods.  CoBt  i 
In  Scully  y»rd,  Penna  Lines  West  Installed  1906,  lo  doc 
under  heavy  slow  t rathe.  RailK  spiked  thru  tie  platei 
blocka:  IH  tlea  to  .^C>-ft,  R5  lb  rati.  Crumbled  under  ri 
loosend.      R&D   creeping  turnd   clips  around,   un clamping 

S2<?.  An  luvertf*d  65-lh  scrap  rail,  Imbedded  hi  conci 
terd  ends,  Narrowd.  ot  •fUter  of  track,  to  width  of  I 
This  narrowlnjo:  prt^vents  lateral  movemenL  $0,05  -f-  fMt< 
180  Iha  scrap   ralL 

L  S  &  M   S.    Still  Jn  tm5|^,4|lb^^»fl4cwidttlan. 
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PS  Ft  W  &  C.    Placed  1908.    All  remoTod  ISOe.    Cone  broke  awmy 
from  steel. 
Placed  190a     Light  medium-speed  trafBc.     Broke. 
Removed  1903. 
'The  most  snccessfal  of  all  the  cone  ties  I  hare  seen,  and  under 
faTorable    conditions    It    certainly    makes    a    fine    looking    track." 
Stands  derailments  well.     Rock  ballast  may  be  too  rigtaT     Gravel 
may  be  better.     Am  Ry  Bng  ft  M  W  Assn,  Procs  1907,  Vol  8,  p  465. 
A  R  BMW  A  Bulletin   108,   Feb  1909,   p  174   givs  favorable  ac- 
counts from  L  B  ft  M  S,  and  unfayorabie  accounts  from   Penna 
Lines,  Chicago  Junction,   Lake  Brie  ft  Western, 

RAILS,  Ac 

General 

88.  Wea«kt.  Rails  weighing  from  75  to  85  lbs/yd  are  in  com- 
mon use  on  lines  of  heavy  traffic;  but  90^Ib  and  100-lb  rails  are 
uaed  under  extremely  heavy  traffic.  StUl  heavier  rails  have  been 
rolled,  but  difficulties  In  their  mfr  militate  against  their  extensiv 
use. 

84.  Lenfftk,  standard—,  «33  ft  at  60*  Fabr;  1915.*  fSS  ft  at 
60*  Fahr.  10%  of  order  accepted  in  lengths  of  30  ft.  27.5  ft  and 
20  ft  Variation  of  ^  inch  from  specified  lengths  allowd.  1912.t 
Ralls  60  ft  long  are  sometimes  used  at  highway  crossings,  etc,  to 
avoid  the  occurrence  of  joints  under  the  planking  and  paving, 
where  they  would  be  inaccessible  for  tamping.  They  are  used,  also, 
In  track  in  general,  to  reduce  the  number  of  joints. 

Bekavlor 

85.  Wear  of  rails  is  most  rapid  on  sharp  eurv»,  where  the 
flanges  grind  against  the  side  of  the  rail  head.  It  decreases  as  the 
stiarpness  of  curvature  decreases.  On  curvs,  the  wear  of  the  top 
of  the  rail  head  is  very  small  In  comparison  with  that  of  the  side 
of  the  head. 

86.  On  iangenU,  rail  wear  occurs  principally  on  the  top  of 
the  head,  and  la  due  to  the  tractlv  effort  of  the  loco  drivers  and 
to  the  slipping  of  wheels  of  unequal  dlams  fastened  to  the  same 
axle. 

87.  On  grades,  and  at  ataUons,  owing  to  necessary  increase  of 
trnctiv  effort,  both  In  starting  and  in  stopping,  rail  wear  is  greater 
than  on  level  track  or  betw  stations. 

88.  The  allotoahle  Ximit  of  wear  of  top  of  rail  heads  is  generally 
taken  at  abt  %  Inch ;  but,  before  this  limit  is  reacht,  the  rail  must, 
in  many  cases,  be  removed  on  account  of  roughness  of  running  sur- 
face, causd  (1)  by  silvering  of  the  metal,  or  (2)  by  bending  and 
excesslv  wear  at  the  rail  ends,  especially  at  the  receiving  end  of 
the  rail  in  double  track. 

89.  Life  of  rails  is  variously  estimated  at  from  100  to  250  mil- 
lion tons  of  traffic  past  over  them,  depending  partly  upon  alinement 
and  grades,  and  upon  condition  of  track. 

SO.  Under  Aeory  iraf/lc  or  on  sharp  curvs,  the  rails  may  have  to 
be  tumd  end  for  end,  or  renewd»  as  often  as  once  in  two  years.  On 
rapid  transit  lines,  renewals  of  rails  on  curvs  must  In  many  casea 
be  made  much  more  frequently,  in  some  instances  oftener  than 
annually. 

•1.  "f^^irraKmUva^  of  rail  heads  has  become  very  annoying  and 
expensiv,  especially  on  curvs  and  In  track  traverst  by  electric  roll- 
ing stock.  It  consists  of  a  series  of  low  worn  spots  on  the  rail 
head*  the  spots  being  usually  some  fraction  of  a  foot  apart.  Mo 
agreement  seems  to  nave  been  reacht  as  to  the  cause,  in  spite  of 
numerous  theories  put  forward.  A  plausible  theory  is  that,  since, 
in  rounding  a  curv,  one  wheel  or  the  other  of  a  pair  must  slip 
longitudinally,  the  slipping  may  take  place  In  jerks,  the  truck 
frame  and  the  axle  being  alternately  twisted  slightly  and  releast. 
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The  low  frlc  coef  of  slipping  would  permit  an  appreciable  sliding 
(and  consequent  excessiv  wear)  along  the  rail  top  before  one  wheel 
caught  up  with  the  other;  and  then,  when  rolling  of  both  wheels 
was  re-establisht,  the  high  static  fric  coef  of  rolling  would  prerent 
slipping  until  the  curv  had  been  traverst  far  enough  to  compel 
slipping  once  more.  Wheels,  traversing  a  cuir.  must  slip  side- 
wise  as  well,  and  this,  like  the  longitudinal  slipping,  may  take 
place  in  Jerks  simultaneous  with  the  longitudinal  slipping;  and 
these  slips  probably  resoly  themselves  into  a  diagonal  slip.  An- 
other theory,  based  largely  upon  the  observation  that  corrucatloiis 
vary  with  tie-spacing,  etc.,  attributes  corrugation  to  vibrationa  of 
the  track  and  ground. 

Composttioii,  requirements,  ete. 
SH^eBt  of  Speelfleatlons. 

R,   American  Railway  Association.     "Recommended  Practice"  propoeed 
by  Committee  on  Standard  Rail  &  Wheel  Sections,  Mwrch  ^,  1906. 
W,  American   Railway  Engineering  A   Maintenance  of  Way  Aasociadoiu 

"Manual  of  Recommended  Practice,"  1907. 
H,  American    Society   for  Testing    Materials.      Standard    SpecificatioDa, 

adopted  Sep  1,  1907t  ProcsriQOT,  Vol  VII,  p  44. 
C,    American  Society  of  CiyII  Engineers.     Specifioations  recommended  by 
Special  Committee  on  Rail  Sections,  July  9, 1907,  amended  Jan  l90iS. 
Procs,  Aug  1907.  Vol  XXXIII,  No  6.  p  290;  Feb  1008,  Vol  XXXIV. 
No  2,  p  85. 
A,   All  ->  B,  W»  H,  €. 

ComposUlon. 
ComposHlon,  R.    American  Railway  Association. 
lbs  per  yd  60  70  80  90  lOO 

Carbon  %*         0.37-0.47      0.40-0.50      0.43-0.53      0.45-0.55      0.44M>.56 

Manganese  %      0.80-1.10      0.80-1.10      0.80-1.10      0.85-1.15      0.90-1.20 

Phosphorus  %*  >  0.10 ;     sulphm-  %  >  0.075 ;     silicon  %  0.10  to  0.20. 

Open  Hearth. 
llMperyd  60  70  80  00  lOO 

Carbon  %t  0.50-0.60      0.55-0.65      0.60-0.70      0.65-0.75      0.70-0.80 

Manganese  %  0.75  to  1.00  for  ail  weights ; 
Phosphorus  %t    >  0.04  ;     sulphur  %    >  0.06 ;     siUoon  %  0.10  to  0.20. 


Compoflltlon,  HI.    Am  Soc  for  Testing  Materials. 
llMperyd       50toQ0     OOtoOO     70to70     80«o80  OOtolOO 

Benfsemer  and  Open  Heartli. 

Oirbon  %t         0.35-0.45      0.38-0.48      0.40-0.50      0.43-a63      0.45-0.55 
Manganese  %      0.70-1.00      0.70-1.00      0.75-1.05      0.80-1,10      0.80-1.10 
Phosphorus  %    >  O.lOt ;     aiUcon  %   >  0.20. 


Componition,  W,  €.    Am  Ry  Eng  &  M  W  Assn,  Am  Soo  Gi^  Engrp. 

Ibsperyd  70to70     80«o80   OOtolOO 

Beaaemer. 

Carbon% 0.5O-0.60      0.63-0.63      0.55-0.65 

Manganese  % 0.75-1.00      0.80-1.05      0.80-1.05 

Phosphorus  %   >  0.085 ;     sulphur  %    >  0.075 ;    silicon  %    >  0.20. 

Basle  Open  Heartb. 

(Full  chemical  determination  for  each  heat.) 
Ibaperyd  70«o71l     80«o»0  OOtolOO 

Osrbon  % 0.53-0.63      0.58-0.68      0.65-0.75 

*  With  lower  phoephonis,  carbon  should  be  increased  in  proportion,  B, 

J  With  higher  phosphorus,  carbon  should  be  reduced  in  proportion,  B. 
Carbon  may  be  reduced  to  suit  local  conditions,  W. 
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Manganese  %  >  0.90 ;  pbosphoras  %  >  0.05 ;  sulphur  %  >  0.06 ; 
silicon  %  >  0.20. 

Mana  factnre. 

InfpotH  kept  vertical  (in  the  pit-heating  furnaces,  W,  M,  €)  until  ready 
to  be  rolled,  or  untU  the  metal  in  the  interior  has  had  time  to  solidify,  A ;  use 
of  "bled"  S  ingots  forbidden,  A. 

"^  I>ifi€ard/'t  to  be  sheared  from  end  of  bloom  formed  from  top  of  ingot, 
sufficient  to  insure  sound  rails,  K;  subject  to  agreement,  M;  <  25%,  more 
if  necessary  until  steel  appears  solid,  W,  C. 

Shrlnkagre*  Number  of  passes  and  speed  of  train  to  be  such  that, 
on  leaving  the  rolls  at  the  final  pass,  temp  of  rail  shall  be  >  to  require,  at 
the  hot  saws,  a  shrinkage  allowance,  for  33  ft  100  lb  rail,  of  6.5  ms,  R; 
7^6  ins,  M ;  6Tie  ins,  W,  € ;  U  inch  less  for  each  10  lbs  decrease  in  sec- 
tion, R;  Vis  inch  less  for  each  5  lbs,  W.  M,  C;  allowance  decreased  0.01 
inch.  M  (V4o  inch,  W,  €)  for  each  second  of  time  between  leaving  finishing 
rolls  and  sawing,  W,  M,  €. 

C^»olliiff.  Kails  must  not  be  artificially  cooled  between  "leading"  and 
"finishing '^passes,  R;  or  after  leaving  the  finishing  rolls,  R,  C-:  between 
finishing  pass  and  hot  saws,  W,  M ;  or  held,  before  sawing,  to  reduce  temp, 
R,€. 

Brand.  Maker's  name,  weight  of  rail,  month  and  year  of  mfr,  rolled 
in  raised  letters  on  web  ;  number  of  blow  stamped  on  web  where  it  will  not 
be  covered  by  splice  bars.  A;  also  "A"  on  rails  from  top  of  ingot,  then 
"  B,"  *'C,"  etc,  consecutively;  "A"  omitted  where  top  discard  <  20%: 
"A"  rails  shipped  in  separate  car8»  R;  open  hearth  rails  to  be  marked 
"OH."  R. 

Stralirht^nliiif.  Rails  on  hot  beds  to  be  protected  against  contact 
with  water  or  snow,  R;  rails,  varying  >  5  ins,  M,  C  (>  3  ins,  W,  R)  from 
a  straight  line  in  any  direction,  on  reaching  oold-etraightening  machine, 
or  having  short  Idnks,  to  be  classed  as  2nd  quality,  A  ;  and  so  marked,  R : 
and  so  stamped,  W,  M,  €  %  supports  of  rails  m  gagging  press  <  42  ins 
apart,  R.  W,  91 ;  supports  to  have  flat  surfaces,  R :  finished  rails  to  be 
straight  in  line  and  surface  and  smooth  on  head,  final  straightening  to  be 
done  cold,  sawn  square  on  ends,  variations  >  ^^2  inch;  saw  burrs  removed 
and  ends  cleaned  before  shipment,  A. 

Permisiilble  Varlatlonii. 

In  fleetion.  In  hight,  V^s  inch,  R;  Vii  inch  less.  Vsa  inch  greater, 
lir,  BE,  C;  in  flange  width,  Vio  inch,  A  ;  rail  must  conform  to  fit  oT  splice 
bars,  R,  W,  €• 

In  welffbt.  0.5  %  on  entire  order;  rails  accepted  and  paid  for  by  actual 
weights,  A. 

In  lengrtb.  0.25  inch,  A.  Standard  length,  33  ft,  A ;  10  %  of  order 
accepted  in  lengths  of  30,  28,  26  and  24  ft,  R ;  in  lengths  varying,  by 
even  feet,  to  27  ft,  W,  91,  €;  all  No  1  rails  <  33  ft  to  be  painted  green 
* '  on  the  end,"  W,  M ;     on  both  ends,  R,  €• 

Testa. 

I>iH»p  test.  "Tup,"  2000  lbs.  A;  striking-face  radius.  5  ins,  R;  >  5 
ins,  W,  91,  C;  anvil  block,  20,000  lbs,  R;  <  20,000  lbs,  W,  91,  C; 
supports  to  be  part  of,  or  firmly  secured  to,  anvil,  A :  test  piece,  length, 
<  4  ft.  >  6  ft.  A;  test  piece  to  be  taken  from  top  of  ingot,  A;  placed, 
head  upward,  on  supports  (5  ins  top  radius,  R),  3  ft  apart,  A ;  one  drop 
test  from  each  blow,  R,  W,  (for  Bessemer,  €):  every  nfth  blow,  M;  two 
from  each  heat  for  basic  open-hearth,  € ;  hight  of  fadl : 
lbs  per  yd    60-80    00-100  45-55    55-65    65-75    7&-«5    35-100 

fall,  ft  16        17    18,  R;      15  16  17  18  10,     91; 

lbs  per  yd    70-70    80-80    OO-lOO: 
faU,  ft  18  20  22,     W,  C. 

Temperature  of  test  pieces  between  32^  and  100^  F,  R.  Report  to 
state  atmospheric  temp,  W,  91,  C 

'-^ 

9  Ingots  from  the  interior  of  which  the  liquid  steel  has  escaped,  R. 
f Metal  from  top  of  ingot,  whether  cut  from  bloom  or  from  rail,  R. 
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If  niece  breaks  without  Bhowiag  "pipe" 
tbat  hf^t  &re  rejectefi,  Hm 

If  broken  piece  aboWa  **pipe"  or  physical  defect,  the  top 
loffot  r>f  that  heJit  b  rejectcHl,  and  the  ia«p«otur  selects  a  p 
not  fnjm  Imp  of  io>tr>t.  If  lht«  piore  breaks,  the  rest  of  the  nu] 
rei»*ete«h  if  not,  they  are  «3ie(^^itt*i«i<  It. 

If  first  te^t  piece  doea  not  break,  it  Li  tefltft^I  f*. 
thaws  "pir^^*'  or  phymcjiLl  di«f(M't,  the  top  mil  from  r 
real  aocepitHi*     If  not,  nil  tiie  raibt  of  ihe  heat  tin 

It  tttst  piece  breuka^wo  afMilinutil  t^^t.-^  are  niaJc  . 
from  Inp  fif  ingot,  W,  M,  C)  from  wnme  binw.     If  cirh<?r  . 
all  the  rnilu  of  the  blow  are  rejected.     If  not,  all  are  acc«  ^ 

92.  inamcniieM  steel  rails,  hflth  caae  aDd  rolled, 
otbor  speciai  st*'i^ls,  aio  used  on  curvs  of  city  ritpiii 
Steam  riiatla  have  uised  »och  rails  but  liitl*».  \t  nt  ft 
ganese  steei  l,«i  largely  used  iu  «witr!i  and  ero»Rfaj£ 
enrly  maDp^newe  ai*it  et**!*!  rails,  iiM-d  no  curir»  Iti  Be 
Rltho  ten  timed  more  exi^ensiv  than  wrdinary  ralla, 
and  more  times  lon{ri>r. 

Wbere  a   morp   rlnrahlo   mil   1$   used,   rnil   renewals 
i|tient.      Oq    tbe    Bosfon    mrvs    mentlond,    ordinary 
renewal  twict*  la  abuut  3  months. 

Rail    Sections. 
Am  Soc  C  K  Standaril  Rail  Seetlotin, 


Plff.  a 


03.  Fig  6.     Tninf<net!on*i.  .Tttne  l.Sf)n.  Vol  28. 
Final  Ileporr  of  Kie  CouimUteo  on  Itall  Btfctloa*. 
In  .mil  tslzi'9^ 
UurfluH   of   top   of   bond     =     radius   of   side 

Iiiehc^s : 

Other  radii    I  In   inchPif»    and  angles,  as  shown  ll 
BaKi?- width,   f     —     mil   bight,   a; 
Distribution  of  cross-eec  area;  In  head,  42%;  ti 
In  base,  37%. 

The    following    properties    of   JLB  CE    faUa   are    fr 
Pocket   Compauion  :^ 

A     =     crosn-ti^cHoti  ofmi 

if      —     height  of  1^1  nv  t^n  nbove  baae 

/       =      inerfU  nj**meiil,  |j  4rt>i 

J     =r     e««ctlon  modulus,   p-HTj     Jnhoat  axil 


nuove  oaae ; 


i 
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For  BtandaHl  nU  eeetkms  of  Am  By  Awn,  Me  pp  798,  799. 

Fior  tluMe  of  Am  By  Bng  Amb,  see  f  94. 

For  chemical   and  physical   requirements  of   rails,   see   pp   794- 
796  and  1150^1158. 

MmM^tmmm€  Bswm  «!▼•  DlBtensloiui  In  slzty-fowtkji  of  an 

iaeh. 

A  In  sq  ins;  If  and  r  in  inches.    See  also  f  and  ||. 


Badl  wt 

lbs  per  yd 

40    45     60    65     00    66     70    75     80    85     90    95  100 

•    =    f 

284SMS48S60S7S184296S08S208S3S4436«S68 

» 

eS     68     72     75     78     82     86     91     96     99  102  106  109 

e 

119  126  1S2  169  145  152  158  166  168  176  188  191  197 

d 

404244464960625456     67     6990e2 

e 

120  128  126  144  162  164  156  158  160  164  168  172  176 

0 

25272830S182S3648586868686 

A,    sqins 

3.9    4.4    4.9    6.4    5.9    0.4    6.9    7.4    7.8    8.8    8.8    9.8    9.8 

V,  ii^ 

1.7    1.8    1.9    2.0    2.1    2.2    2.2    2.4    2.4    2.5    2.6    2.7    2.8 

/  f 

6.6    8.0   9.8  11.9  14.5  16.9  19.6  22.9  26.2  80.0  84.0  38.6  43.8 

XI 

3.6    4.2    4.9    6.8    6.7    7.4    8.2    9.810.011.012.013.3  14.6 

r,  ins 

1.30 1.36  1.42  1.40  1.68  1.68  1.70  1.78  1.83  1.90 1.97  2.06    2.1 

94.  Heavy  n^ll  aeetlonfl»  Am  Ry  Eacr  Asan*  If  annal,  1916» 

pp  77-83.     See  Fig,  p  798. 

Bold-faced  ^gwtem  sfve  linear  dlmenslona  In  64tha  of  an  Inch. 


(Areas  In  square  inche&     See  also  f  and  ||.) 

Adopted 

Suba^tted  1 

Procs,Voll6,1915. 

by  Committee  1 

pp  397, 1117. 

Lbs/yd  Nomnl 

901       100          110 

120 

130 

140 

Actl 

89.96    101.49     110.36 

120.87 

a 

860          884          400 

416 

432 

443 

h 

94          106          HO 

114 

118 

122 

0 

202          216          218 

226 

236 

246 

a 

64            68            72 

76 

78 

80 

€ 

164          179          178 

184 

•  . . 

f 

828          844          852 

868 

884 

400 

COtS 

86            36            88 

40 

42 

44 

4              4              4 

4 

4 

4 

y 

168          176          181 

187 

194 

201 

m 

896          886          896 

896 

896 

896 

n 

24            24            24 

24 

24 

24 

Area,  sq  ins 

head 

8.30         8.80         4.04 

4.40 

4.63 

4.93 

web 

2.12         2.26         2.49 

2.69 

8.02 

3.28 

base 

8.60         8.90         4.29 

4.76 

5.06 

5.37 

total 

8.82         9.95       10.82 

11.86 

12.71 

13.58 

Inertia  Mom 

/f 

38.7         49.0         57.0 

67.6 

77.4 

89.2 

Section  Mod 

, 

XI 

head 

t2.66       16.1         16.7 

18.9 

20.8 

23.1 

base 

16.28       17.8         20.1 

28.1 

26.6 

28.4 

'*No  new  designs  for  sections  under  100  lbs  are  proposed." 

f  /      =     inertia  moment,  In  biquadratic  inches.     See  p  468. 
|X     =     section  modulus  in  square  inches.     See  p478. 
i  Identical  with  Am  By  Assn's  90-lb  rail,  type  A,  p  799. 
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•5.  Rail  section*,  splice  bars  and  Joints.     Table,  p  799. 

American  Railway  Association,  Procs,  Feb  7,  1008,  Apr  22, 
1908. 

Rail  sections  proposed  by  Comm  on  Standd  Rail  &  Wheel  Sec- 
tions, for  adoption  as  "recommended  practice."  Splice  bars  and 
joints  recommended  by  Mfrs'  Comm  representing  Maryland. 
Lackawanna,  Illinois  and  Carnegie  Steel  Cos  and  Penna  R  R  Co. 
appointed  to  consider  splice  bar  specifications  and  design,  and  re- 
ported by  Am  Ry  Assn's  Comm  on  Std  Rail  &  Wheel  Sectns.  Types 
A  and  B  represent  divergent  views. 


Typ*A 


SiflT.  7a. 


0  1 


1  '  I  •  I  M  '  I  '  I  '  I  '  I  '  I  M  '   I  M — • 

2  8  4  6  6  7  8 


Inches 
Fl«.  7b. 


d  by  Google 
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If ote«  To  avoid  tke  prlatlnir  of  fraction*,  linear  dimensioni 
(except  for  R;  see  foot-note  f  t>  below),  are  given  In  bold-face, 
and  are  In  slxty-foortka  of  an  Inch.    Areas  are  in  square  inches. 

Liower-case  letters  a,  b,  c,  etc,  refer  to  dimensions  of  rail  and 
splice-bar.  Splice-bar  dimensions  are  figured  on  the  right-hand 
bar.  CAPITALS  refer  to  dimensions  of  joint,  or  of  the  combination 
of   rail  and  spUce-bar. 

Rnll-Jolnta.      Bold-faced   tkgurem   give   linear   dlmenalons    In 
64th»  of  nn   Inch. 


TYPE 
Rail 
lbs/yd 

A 

B 

60 

70   80   90!  100 

60   70   80   90   100 

Roll 

o 

288 

304  328  360  384 

268  291  316  337  361 

5 

7» 

86   92   04  100 

80   87   94  103  109 

0 

157 

160  174  202  216 

132  145  158  168  183 

d 

S2 

58   62   64   68 

56   59   64   66   69 

e 

144 

152  160  164  176 

136  152  156  164  170 

t 

256 

272  296  828  352 

236  259  284  305  329 

coth 

30 

82   33   36   36 

31   33   35   36   36 

4.0 

4.0   4.0   4.0   4.0 

angrleA  =  13* 

i 

64 

64   72   80   96 



i 

186A  140^  147^  162^  176.0 

125.0 138.0  145.5  156.5 168.0 

20 

24   24   24   24 

29   29   31   31   31 

I 

4 

4    4    4    4 

4    4    4    4    4 

m 

806 

896  896  896  896 

768  768  768  768  768 

n 

24 

24   24   24   24 

24   24   24   24   24 

P 

24 

24   24   24   24 

20   20   20   20   20 

For  areas,  etc,  see  next  page.              | 

Bar 

q 

99^  10S.7  100^4  124^  133.1 

86.4  94.7105.6110.7117.1 

r 

40 

40   42   46   48 

44   48   48   48   48 

8 

42 

44   48   52   56 

35   39   40   41   46 

t 

40 

44   48   52   56 

46   48   52   54   56 

u 

60* 

60»  60«  60«  60* 

45*  45*  28*  28*  28* 

cot  V 

4 

4    4    4    4 

4    4    4    4    4 

Mr 

23* 

23"  23«  23*  23* 

17*  17-  17-  17*  17* 

« 

6 

6    8    8   12 

0    0   10   10   12 

y 

806 

896  896  896  896 

768  768  768  768  768 

s 

24 

24   24   24   24 

20   20   20   20   20 

For  areas,  etc,  see  next  page.              | 

JvluC 

A 

48 

48   56   64   64 

48   48   56   64   64 

B 

56 

56   64   72   72 

56   56   64   72   72 

D 

53 

55   64   65   66 

55   55   64A  66   66 

E 

45 

51   56   60   62 

52   52   56   62   62 

F 

130i5 138.0 149.0 165.0 176.0 

122.0 131.5  143.0 150.0 160.6 

8^* 

43.41  87.67  36.59  43.64  44.34 

32.33  34.51  34.62  33.68  34.86 

lu^n 

ib»/yd 

00 

70   80   901  100 

J 

60   70   80   90   100 

V                                     J 

TYPE 

A 

B 

Continued  on  next  page. 


KJ     =     inertia  moment.  In  biquadratic  Inches. 

\\X     =     section  modulus  in   square  Inches.     See  p 
tfiZ     =     mean  radius  in  inches 

=     area  in  sq  ins     -r-     periphery  In  Inches ; 

••8     -     100  (/  for  2  bars)  

{Adopted  by  Am  Ry  Eng  Assn, 


See  p  i 
p  473. 


408. 


.ilan*i«ri9™5^*ti'^^^!^^?^4. 
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An  Rr  AAflii*  RmIIs  and  J«tiit%  (concluded). 

(ArcaE  In  mi   lii«L    f  ft) 


TYPE 
RaU 
Ibe/yd 

A 

B 

AO       TO       BO       SOB   100 

60       70       80        M>      100 

Hall 

Area. 
ht'Eid 
w*?b 
batiC 

2.21    Z.(5S    3.05    3,20    3  84 
1.41    1.43    1.6G    2.12    2.29 
2.24     2.G5    3.16    3.50    3.91 

2.28    2.76    3.07    3.66    3.95 
1.14    1.34    1.54    1.70    1.89 
2.45    2.79    3.30    3.61    4.01 

total 

5.8G    6.82    7.86    8. £2    9.84 

5.87    6.89    7.91    3.87    9.8S 

% 
base 

37.7    39.3    38. 8    36.2    36.9 

24.1  21,8     Sl.O    24.0    23,4 

38.2  38.9    40.2    39.8    31M 

88.8    40.1    88.8    40.1    40.2 
19.4    19.5    19.5    13.3    19.2 
41.8    40.4    41.7    40.7    40.6 

in 

15.41  21.05  2S.8    3S.7    48,94 

13.3    18.6    25.1    33.3    41.3 

head 
basse 

fi.60    8.2110.24  12.56  15,04 
7.24     9,51  12.46  15.23  17.73 

5.90    7.79    9.38  11.45  13.70 
6.80    8.63  11.08  13.21  15.74 

web 
base 
total 

2,35    2.12    1.93    1.90    1.80 
3.12    3.07    3-57    3.30    3,21 
3,48     3.20    2.52    2,63    3.29 
3.12     3.00    2.60    2.62    2  92 

2.10    1.99    1.73    1.68    1.64 
4.38    4.10    3.57    8.65    8.60 
2.94    2.76    2.72    2.58    2.49 
2.90    2.72    2.63    2.43    2.37 

2  burs 

IhVft 
art^a 

J  If 

21.76  23.94  27.14  33.64  38.28 
6.40    7.04    7.98  10.26  11,26 
6.69    7.93  10,54  17,47  21.70 
3.45    3.93    4.72    fi.87    8.28 

19.44  23.60  26.24  29.04  34.48 
5.72    6.94    7.72    8.54  10.14 
4.30    6.48    8.69  1088  14.40 
2.53    3.45    4.41    5.18    6.26 

Railroad    Spike*. 

06.  Tbe  book  headed  splkea  t,  commonly  osed  for  confin- 
ing rnlJa  to  the  cmasties.  vary  within  the  limits  of  the 
following  tJible ;  the  llKbtest  ones  for  light  rails  on  short 
local  brunches;  and  the  heaviest  ones  for  heavy  rails  on 
flr«it-closs  nKidfl.  The  Rplkea  are  sold  in  ken  usually  of 
150  lbs.  Fur  tbe  weight  of  spikes  ol  larger  dimensions,  we 
mftT  nenr  enou)?h  lake  that  of  a  square  bar  of  the  same 
li-D^th.  Whnt  is  saved  at  the  point  suffices  for  the  addl- 
If     t(oD  at  thi?  head. 

DlmrnNlona,  pic* 


Size  in  inf. 

No.  p<»r  kotr 

No^  ppf 

Size  in  Ins. 

No.  per  kec 

No.  per 

Lenfftb  1  Side 

ol  150  lbs. 

100  Ibi, 

Lonjrth  1  Side 

of  ISO  lbs. 

100  lbs. 

4H  X     (4 

S26 

3S0 

514  X     % 

350 

233 

400 

2f^ 

''ilx  :>• 

289 

193 

5     X    4f 

70S 

470 

51{X     •'» 

218 

146 

5      X     Ks 

483 

32S 

6     X     VS 

310 

207 

5     X     vi 

390 

m 

6     X     «is 

262 

175 

5      X     ft(i 

295 

197 

6     X     *'\ 

196 

130 

5      X      H 

2S7 

171 

ff      ^     inertia  mompiit.  In  biquadratic  inches.     See  p  468. 
HX     =     gecHoQ  modulus  in  equan?  inches.     See  p  478. 
ffR      —      mpan  radlns  in  iHchea 

In  sq  Ina     <^     periphery  In  Inches; 
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t7.  awuitHy  per  atlle.  A  mile  of  ilngle-track  road,  with  S3- 
ft  niils,  and  18  ties  per  rail  length,  with  4  spikes  to  each  tie ;  will 
have  160  rail -lengths,  and  2880  ties,  and  11  520  spikes,  or  ahoot 
39  kegs  of  5H  by  9/16,  which  weighs  a  trifle  more  than  H  lb/spike. 

•8.  But  an  alloiPance  mu$t  he  made  for  gard  rails  at  road-cross- 
ings, which  we  may  assume  to  be  33  feet  wide,  or  the  length  of 
a  rail.  A  gard  will  usually  consist  of  4  extra  rails  for  protecting 
the  track  rails,  and  spiked  to  the  18  ties  by  which  said  track  rails 
are  sustaind.  Consequently  such  a  crossing  requires  18  X  8 
=  144  additional  spikes.  For  turnouts,  sidings,  loss,  etc,  we 
may  roughly  average  (allowing  for  about  1  mile  of  extra  track 
in  the  shape  of  turnouts  and  sidings  in  each  15  miles  of  road) 
900  spikes  more  per  mile:  thus  making  in  all  (assuming  one 
road-crosstng/mile)  11.520  +  144  -f  900  =:  12,664  spikes/mfle,  or 
say  43  kegs  of  150  lbs  each. 

•0.  Adhcaioa  of  Splkca.  Professor  W.  R.  Johnson  found  that 
a  plain  spike  .375,  or  %  inch  square,  driven  3%  ins  into  seasond 
Jersey  yellow  pine  or  unseasond  chestnut,  required  about  2000  lbs 
force  to  extract  it ;  from  seasond  white  oak,  about  4000 ;  and  from 
well-seasond  locust,  about  6000  lbs.  Bevan  found  that  a  6-penny 
nail,  driven  one  inch,  required  the  following  forces  to  extract  it: 
Seasond  beech,  667  lbs ;  oak,  507 ;  elm.  327 ;  pine,  187. 

IOOl  Very  careful  experiments  In  Hanover,  Germany,  by  Engi- 
neer Funk  give  from  2465  to  3040  lbs  (mean  of  many  expts,  about 
3000  lbs),  as  the  force  necessary  to  extract  a  plain  ^  inch  square 
iron  spike,  6  ins  long,  wedge-pointed  for  1  inch  (twice  the  thickness 
of  the  spike),  and  driven  4\^  Inches  into  white  or  yellow  pine. 
When  driven  5  Ins  the  force  required  was  about  1/10  part  greater. 
Similar  spikes,  9/16  inch  square.  7  inches  long,  driven  6  inches 
deep,  required  from  8700  to  6745  lbs  to  extract  them  from  pine; 
the  mean  of  the  results  being  4873  lbs.  In  all  cases  about  twice 
as  much  force  was  required  to  extract  them  from  oak.  .The  spikes 
were  all  driven  aerosa  the  grain  of  the  wood.  Experience  shows 
that  when  driven  irith  the  grain,  spikes  or  nails  do  not  hold  with 
much  more  than  half  as  much  force. 

101.  Jagged  spikes,  or  twisted  ones  (like  an  auger),  or  those 
which  were  either  sweld  or  dlminisht  near  the  middle  of  their 
length,  all  proved  inferior  to  plain,  square  ones.  When  the  length 
of  the  wedge  point  was  increast  to  4  times  the  thickness  of  the 
spike,  the  resistance  to  drawing  out  was  a  trifle  less. 

102.  When  the  length  of  the  spike  is  flxt,  there  is  probably  no 
better  shape  than  the  plain  square  cross-section,  with  a  wedge- 
point  twice  as  long  as  the  width  of  the  spike. 

108.  Beha-vlor.  The  hook-head  spike  Is,  In  time,  workt  upward 
by  the  undulatory  motion  of  the  rail.  In  being  driven,  it  crushes 
the  fibers  of  the  wood;  so  that  (particularly  in  soft  woods)  they 
fail  to  withstand  the  lateral  pressure  of  the  spike.  The  spike  hole 
is  thus  so  enlarged  that  the  spike  loses  its  hold :  and  water,  enter- 
ing the  hole,  hastens  decay. 

104.  StceL  *Fini8ht  spike  must  show  no  sign  of  fracture  (a) 
when  bent  back  on  itself  thru  180"  and  hammerd  down,  (b)  when 
head  is  bent  backward  cold,  (c)  when  body  is  twisted  cold  thru 
1.5  turns.* 

*Max  permissible  variation,  from  dimensions  shown :  thickness, 
1/32  Inch;  leni^th  under  head  0  inch  less,  U  li^ch  more;  thickness 
of  head,  1/16  inch;  angle  of  hook,  1'.* 

lOB.  Holes,  1/16  inch  less  in  dlam  than  the  thickness  of  the 
spike,  are  sometimes  bored  for  the  reception  of  the  spikes.  They 
prevent  the  crippling  of  the  wood  fibers  by  the  spike,  and  thus 
increase  the  resistance  of  the  spike  to  vert  pull,  and  that  of  the 
wood  to  the  Internl  thrust  of  the  spike. 


•Am  By  Engg  Amd.  fP  B  H.   ^0  P  a  R.  See  also  8peclfl<atlon3  p  780. 
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106.  Tle-PluiTS.  Wooden  tie-plugs,  shaped  like  the  body  of  the 
spike,  and  driven  into  the  spike  holes  when  the  spikes  are  polled, 

f prevent  decay  by  excluding  water.  If  a  spike  is  afterward  driven 
nto  the  same  hole,  the  plug  increases  its  hold  in  the  tie.  fAIr- 
dried  wood ;  cut  longitudinally  with  grain ;  opp  sides  parallel :  cut 
square  at  driving  end;  4.5  ins  long;  11/16  inch  sq ;  cnisel-potnted 
for  0.5  inch  at  one  end.     lOlO.f 

Screw-Spikes. 

107.  Screw-spikes  are  ezpensiv  and  time-consuming  (see  Costs, 
H  11  118,  etc)  in  installation,  and  in  subsequent  renewals  or  other 
changes ;  but  they  prolong  the  useful  life  of  the  tie  perhaps  two  to 
three-fold,  and  hold  the  track  in  better  shape  and  for  a  longer  time. 
thus  rendering  renewal  less  frequent.  Their  use  may  thus,  reduce 
total  installation  and  total  maintenance  costs.  * 

On  the  Lackawanna,  5  years*  use  necessitated  no  increase  in  the 
number  of  sectlonmen  per  mile. 

Resistance.  In  general,  screw-spikes  offer  two  or  three  times 
the  resistance  of  cut  spikes  to  direct  pull,  and  greater  resistance 
to  lateral  thrust,  and  they  maintain  these  resistances  much  longer. 
They  thus  reduce  liability  to  derailment,  and  damage  resulting  from 
derailment. 

106.  Corrosion  may  so  reduce  the  size  of  the  bead  as  to  cause 
loose  fit  In  the  wrench  socket,  and  thus  render  removal  difficult.  A 
taperd  head  (Fig  8)  obviates  this  difficulty  to  some  extent;  but 
machine  driving  (see  11  H  130,  etc)  causes  alternate  engaging  and 
slipping  in  the  socket  and  rounding  of  the  corners.  During  5  years' 
use  on  the  Delaware,  Lackawanna  &  W*n,  no  screw-spike  was 
found  rusted  within  the  tie. 

When  the  head  is  broken  off,  removal  is  generally  impracticabie. 

109.  A  raUd  letter  or  device,  on  the  top  of  the  head,  betrays 
any  use  of  .the  hammer  in  driving. 

110.  Variations  In  ^all  section  Increase  the  difficulty  in  the 
use  of  screw-spikes. 

111.  Behavior.  In  general,  the  screw-spike,  by  holding  rail  and 
tie  in  contact,  compels  thera  to  rest  or  move  (as  the  case  may  be) 
together.  When  they  move  together  vertically,  the  tie  may  exert 
a  prejudicial  churning  or  a  beneficial  tamping  action  upon  the 
ballast,  according  to  the  character  of  the  ballast  and  other  cir- 
cumstances. Some  roads  prefer  to  hold  tie-plate  fast  to  tie,  and 
allow  some  play  betw  rail  and  tie-plate. 

112.  As  the  hole  must  always  oe  bored  in  advance,  the  screw- 
spike  is  leas  likely  to  split  the  tie  than  is  the  cut  spike  driven  In 
an  unbored  tie. 

113.  Owing  to  compression  of  tie  and  to  increasing  closeness  of 
contact  betw  tie,  tie-plate  and  rail,  in  service,  newly  driven  screw- 
spikes  must  usually  be  tightened  once  or  twice,  at  intervals  of  some 
months ;  but  thereafter  they  retain  their  hold  with  little  or  no 
further  attention. 


Flff.  8. 


114.  Dimensions.  Fig  8  represents  the  standard  screw-spike  of 
the  D  L  &  W  R  R,  1915.  Dimensions  in  inches.  Other  designs 
show  head  flat  on  the  under  side,  and  without  taper.     See  f  113. 
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114a.  Tke  deHlam,  once  adopted,  should  not  be  changed,  as  any 
change  would  greatly  Increase  the  difficulty  of  the  use  of  screw- 
spikes. 

115.  In  order  to  protect  the  spike  against  bending  under  lateral 
pressure,  Its  head,  on  each  side  of  the  spike,  must  tw  well  sup- 
ported, as  by  properly  formd  clips,  or  lugs  on  the  tle-platc,  or  by 
lit  ting  the  spike-head  to  the  rail-flange. 

116.  Dowels.  Hardwood  or  metal  dowels  or  plugs,  driven  or 
screwd  into  holes  prepared  for  them,  and  tapt  internally  for  the 
screw-spike  thread,  are  advantageously  used,  especially  in  soft- 
wood ties,  either  when  the  spikes  are  first  driven,  or  after  the 
spike  has  begun  to  loosen.  If  of  wood,  they  are  treated  before 
insertion.  The  large  hole,  required  for  *  the  dowel,  necessarily 
weakens  the  tie  somewhat.  The  dowel  acts  as  a  colum,  and  thus 
diminishes  indentation  of  the  tie.  If  of  wood,  the  fiber  is  vert, 
and,  after  driving,  the  top  of  the  dowel  Is  cut  off  flush  with  the 
upper  surf  of  the  tie.  The  dowels  are  indefinitely  renewable  during 
the  life  of  the  tie. 

117.  The  Thiollier  steel  colld  spring  or  helix  has  been  used  as 
a  dowel  on  several  Am  HRs  and  In  I^^rance.  Difficulty  has  been 
found  in  placing  and  in  removing  the  helix. 

117a.  The  T^akhovnky  cast-steel  split-sleeve,  screwd  into  the 
tie,  and  expanding  as  the  spike  is  driven,  has  been  used  in  L^rance. 

118.  Coats.  Screw-spikes  cost  from  2  to  3  cents  each,  or  2  to 
3  times  as  much  as  cut  spikes.  Hardwood  dowels,  tapt  outside 
and  inside,  1.5  cts  each. 

110.  The  costs  of  the  several  operatlona  InvolTd  vary  widely 
with  conditions.  Thus ;  placing  2  tie-plates,  boring  4  holes  and 
driving  4  screw-spikes,  cost  13.74  cts  /tie  when  boring  and  driving 
was  done  by  hand;  4.89  cts  on  scatterd  work  with  a  machine  hav- 
ing two  drills  and  one  driving  tool ;  and  2.9  cts  on  continuous  work 
icith  machine  having  two  drills  and  two  driving  tools. 

120u  Boring.  Mr.  J.  W.  Kendrick,  Am  Ry  Eng  &  M  W  Assn, 
Procs  1910,  Vol  11,  Part  1,  p  625,  says: — "A  proper  machine  at 
the  treating  plant  will  bore  and  plug  600  ties  with  8  plu^s  each^ 
per  day  of  10  hrs,  at  a  cost  of  3.5  cts/tie"  =  0.4375  cent/plug; 
but,  in  estimating  cost/mile,  Mr.  Kendrick  takes  "boring  ties  for, 
and  driving,  24,000  dowels"  (8  per  tie)  at  1  cent  each,  presumably 
for  field  work. 

121.  U»e.  Screw-spikes  have  long  been  quite  generally  used  on 
important  lines  in  Europe,  and  they  are  now  largely  used  upon  a 
few  such  lines  in  the  U  S,  notably  upon  the  Kunta  F6  and  the 
D  L  &  W. 

122.  "Ties  should  be  protected  against  failure  from  mechanical 
wear  by  means  of  tie-plates  and  screw-spikes."  Report  of  Com- 
mittee on  Ties.     Am  Ry  Eng  Assn,  Procs,  1915,  Vol  16,  p  522. 

123.  Tle-pla<e«.  The  use  of  tie-plates  without  bottom  flangesi 
(see  t[  ^  135,  etc>  is  generally  con.sidord  essential  to  satisfactory 
service  with  screw-spikes.     See  H  ^  115  and  111. 

124.  The  tie-plate  Is  sometimes  screw-spiked  to  the  tie,  and  the 
rail  held  by  cut-spikes  driven  thru  slots  iu  the  tie-plate. 

125.  Joints.  During  the  first  2  years  (1910-11)  of  its  use  of 
screw-spikes,  the  D  L  &  W  used  malleable  iron  Joint  plates,  and 
the  angle  bars  were  slotted  for  cut-spikes.  One  screw-spike  was 
used  on  the  outside  of  the  outer  angle  bar.  Later,  all  joint  plates 
have  been  rolled,  and  screw-spikes  used  in  angle  bar  slots,  with 
one  extra  screw-spike  on  outside  of  the  angle  bar. 

12«.  Drlvlngr.    Any   screw-spike   driving   tool   should   be   so   ar- 
ranged as  to  release  when  the  spike  is  driven  home  and  thus  pre- 
vent   overdriving.      This    is    commonly    arranged    by    providing    a 
friction  drive. 
56 
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127.  Band  driving,  altho  Inexact,  and  moch  mon  ezpenMlT  and 
time-consuming  than  machine  drlTlng  (see  f  f  119,  etc),  most  be 
used  where  only  n  few  spikes  are  to  be  driven,  and  on  Tery  hasf 
tracks  (upon  which  a  machine-car  cannot  be  aUowd)  iinless  elec- 
tric or  air  power  can  be  brought  to  the  tool. 

128.  For  hand-driving,  the  timplesi  tool  is  a  vert  spindle,  with 
a  spike  socket  at  its  foot,  and  a  hor  ciosa-ann,  or  ratchet  dcfrlce, 
at  its  head. 

128.  A  cranh^driven  hand  fnachine,  far  driUtna  and  drivimq, 
mounted  upon  an  adjustable  tripod,  and  having  a  nor  crank-abaft 
bevel-geard  to  the  vert  spindle,  invented  by  Prof.  A.  L.  Smith,  of 
the  Worcester  Polytechnic  Inst,  Worcester,  Mass.,  Is  described  la 
Bulletin  50,  Forestry  Bureau,  p  63.  Under  test,  this  machine  drove 
two  screw-spikes  while  three  cut  spikes  were  being  driven.  It 
may  be  operated  by  power. 

130.  Povoer-driven  maehinM  range  from  small  electric  or  pnen- 
matic  drivers,  held  by  hand,  or  gasolene  motor  cars,  whicn  the 
crew  can  lift  from  the  track,  to  formidable  collections  of  drills  and 
drivers,  installed  at  the  treating  plant  or  raonnted  upon  double- 
truck  cars  to  save  cost  of  hnndlThg  ties  and  to  facilitate  th^r  re- 
moval from  the  track.  They  are  usually  fitted  with  rail-saws. 
emery  wheels,  etc.  The  larger  machines  are  provided  with  coun- 
ters, showing  the  number  of  tics  handid,  and  with  an  exhaust 
system  for  the  removal  of  shavings. 

131.  The  Snow  gasolene  motor  car  has  a  gasolene  motor,  driving 
a  generator  which  supplies  current,  thru  a  cable,  to  the  boring  and 
spiking  tools,  which  may  be  1000  ft  distant  from  the  car.  The 
car  may  thus  be  kept  on  a  side  track,  out  of  the  way  of  trains. 
It  weighs,  complete,  3400  lbs,  and  carries  ten  men  besides  the 
driver.  It  usuallv  avs  2000  to  2500  spikes/day.  It  can  travel  50 
miles/hr.  Fuses  blow  out  when  excessive  resistance  is  encouotered. 
thus  protecting  the  spikes  against  overdriving.     See  f  126. 

132.  The  "au-tra-kar**,  a  small  gasolene  car,  can  drill  a  spike 
hole  in  an  oak  tie  In  from  5  to  10  sees,  and  drive  a  spike  in  about 
20  sees. 

133.  Speed.  By  power,  one  man  can  drill  0  boles  while  1  is 
being  drild  by  hand,  and  can  drive  5  screw-spikes  while  2  men 
drive  1  with  cross-handld  socket-wrench. 

134.  A  dotpeling  machine,  used  by  tbe  Santa  F4,  had  4  tools ;  ( 1  > 
for  boring  dowel  holes,  (2)  for  threading  these  holes,  (3)  for  in- 
serting the  dowels,  and  (4)  for  cutting  off  projecting  dowel-ends 
and  facing  the  tie.  It  could  plug  the  ties  for  4000  ft  of  track  per 
day,  while  another  machine  drove  the  spikes  required  for  the  same 
dist. 

A  single  hit  will  drill  11,000  holes,  1500  holes  betw  sbarpenlngs. 
The  hole  should  be  bored  deeper  than  the  length  of  the  »pike. 
If  bored  thru  the  tie,  it  will  faettitate  the  removal  of  shavings. 

Tie  Plates 

135.  Ifeed.  Where  the  rails  bear  directly  upon  the  ties,  tbe 
great  unit  pressure  of  the  narrow  rail  base,  the  churning  action  of 
the  rail  under  passing  wheels,  and  the  hastening  of  decav  by  tbe 
bruising  of  the  wood  fibers,  cause  rapid  wear  of  the  tie  Imme- 
diately under  the  rail. 

136.  Savlnic.  Tie  plates  greatly  lengthen  the  life  of  the  tie.  On 
curvs  and  bridges,  the  saving,  in  a  number  of  cases,  has  been 
estimated  at  50%  in  cost,  and  60  to  75%  In  labor.  The  tie  plate 
has  often  displaced  small  gangs  of  men  whose  sole  duty  it  was 
to  replace  tics. 

137.  Types.  The  tie-plate  Is  placed  on  the  tie,  Immediately 
under  tne  roil.  Spikes,  holding  the  plate  and  the  rail  In  place,  are 
driven  into  the  tie  thro  holes  in  tbe  plate.  Some  forms  nave  two 
or  more  ribs  on  the  lower  side.     These  ribs  stiffen  the  plate;  and. 
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Ij  catting  into  the  upper  sort  of  the  tie,  they  leslst  sliding  of  the 
plate  on  the  tie.  The  ribs  run  sometimes  across  the  tie  fibers, 
and  sometimes  with  them.  Some  forms  have  a  shoulder  on  the 
upper  side,  to  assist  the  spikes  in  resisting  rail-spreading,  and  to 
act  as  a  rail-brace. 

1S8.  IlearlBs.  An  uneven  bearing,  under  the  tie-plate,  results 
in  a  buckld  tie-plate  and  uneven  track-gage.  The  ties  should  be 
tie-plated  before  going  into  the  track.  On  hewd  ties,  the  bearings 
for  the  tie-plates  must  be  adzd,  to  bring  the  rail  seats  into  the 
same  plane. 

139.  Cost  of  tie  plates  is  from  5  to  15  cts  each;  and  placing 
them  costs  from   ^  to  IH  cts  each. 

140.  Msterlsls  sad  tests.  *  Wrought  iron;  <  45,000  Ibs/sq  inch 
ult  tensil  strength ;  must  bend  cold  90*  across  fiber  without  sign 
of  fracture. 

Furnace  malleable  iron;  Test  lug  must  bend  and  show  toughness 
nnd  tboro  annealing.  Fracture  must  show  narrow  band  of  white 
metal  on  surface.     Center  portion  dark  and  fiberless.    1915.* 

Bessemer  or  open  hearth  steel.  tOpen  hearth  steel  preferd  to 
Bessemer.  Cut  and  punch t  cold.  Test  pieces  14  ins  long,  of  uni- 
form sec,  end  area  <  0.5  sq  inch,  cut  from  finisht  material.  Tests 
required  for  each  order,  and  for  each  blow  or  heat.  Tie  plates, 
of  full  sec,  must  bend  cold,  in  a  direction  at  right  angles  to  fiber, 
doubid  flat,  without  sign  of  fracture.  1914.t  |( Bessemer  or  open 
hearth)  ;  carbon  0.2%  (0.05%  variation  either  way),  phosphorus 
>  0.1%.  1905.t  Vit  tensil  strength,  Ibs/sq  inch;  55,00O*,  54,000 
to  64.000.t  Elastic  Umit ;  <  0.5  ult*t.  Elongation;  in  2  ins, 
<  20%*t.     Reduction  of  area;  <  40%*t. 

141.  Dlmesjilons.    *Width   <  6  ins. 


Length    < 


safe  bearing  area  of  tie 
width  of  plate 


Shoulder    <    0.5   ins   high. 


Dist   (uniform)    from  edge  of  rail   base  to  end   of  plate  on  outer 

side.    >    projection  inside  of  rail  base.  Ribs   (few  in  number)   on 

base,    >    0.25  inch  deep.     With   treated  ties  or  with  screw  spikes. 
flat  bottom  plates  preferd.     1915.* 

Crow  Section 


i 


i: 


FUr.  9. 

^Dimensions,  in  ins,  1909. 

See  Fig  9. 

Spike  holes  Via  Inch  square. 

Rail,  lbs/yd  A        B 

65  8.0  8 

75-80  8.5  8 

90  8.75         8 


0 

"A. 
"/i« 
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*For  sliipm«Bt,  plates  wired  together  In  bnndlefl  of  nolfonn 
number,  weighing  >   100  lbs.     1915.* 

Use. 

142*  t"Tie  plates  shoald  be  used  on  all  ties  in  high  speed  tracks 
on  curvs  of  2"  or  over;  on  all  ties  in  track  subjected  to  heavj 
service ;  on  all  switch  ties,  and  ties  on  turntables,  ashpits,  bridge's 
and  trestles ;  at  water  stations  and  track  troughs,  and  thru  all 
road  crossings  and  station  platforms.  Tie  plates  should  be  used 
on  all  soft  wood  ties  and  on  all  ties  that  have  been  treated."! 

t  Unless  otherwise  directed  tie  plates  will  be  applied  as  follows 
whenever  rail  or  ties  are  renewed.  ("Soft  wood*'  includes  all 
treated  or  untreated  ties  except  oak)  ; 

On  new  lines :   on  all  soft  wood  ties  in  main  track ; 

On  main  lines :    on  all  soft  wood  ties  in  main  track ; 

On  branch  lines ;  on  all  soft  wood  ties  on  curvs  of  3*  and 
sharper,  and  on  all  treated  ties  whether  on  curv  or  on  tangent; 

On  sidings :  on  all  switch  ties  and  on  all  curvs  of  3*  and  sharper, 
and  on  all  treated  ties  whether  on  curv  or  on  tangent  $ 

Rail  Braces 
143.  Rail  braces  are  used  to  prevent  track  spreading,  especially  on 
curvs.      For  5*   curvs,   five   rail   braces   per   33-ft   rail   suffice.     For 
10**  curvs,  a  rail  brace  is  used  on  each  alternate  tie. 


Alkins  Forged-  Ajnx  Edwards  Rail  Brace 

Steel  Brace  Cast-Steel  Brace  and  Tie  Plate 

Flif.   10. 

144.  Fig  10  bhows  three  types  of  rail  brace  in  common  use. 

Joints. 

145.  The  tendency  of  a  track,  to  yield  at  the  joints,  is  detri- 
mental both  to  track  and  to  rolling-stock. 

The  end  of  a  rail,  upon  which  a  loaded  wheel  is  moving,  bends 
more  than  the  adjacent  unloaded  end  of  the  next  rail,  which  thus 
recelvs  a  severe  blow  from  the  wheel. 

146;.  When  the  ties  are  insecurely  bedded,  no  rail-Joint  can  be 
expected  to  do  good  service. 

147.  Siupended  Joints  (those  where  the  rail-ends  meet  at  a 
point  betw  two  ties)  arc  generally  preferd  to  supported  Joints  (in 
which  they  meet  directly  over  a  tie). 

148.  The  expansion  cocfllclent,  in  steel  rails,  may  be  taken  at 
0.000  006  5  ft/ft/deg  Fahr.  Hence,  a  li'A  ft  rail,  (S9(J  ins)  under 
an  Increase  of  60*  Fahr  in  t»»mp,  will  lengthen  by  396  X  60  X 
0.000  006  5  =  0.154  inch.  The  rails  are  also  elongated  slightly, 
at  their  ends,  by  the  traffic  passing  over  them. 
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149.  Rail  creepln«  (See  K  f  163,  etc.)  brinn  additional  stresseB 
apon  the  joints.  Creeping  occurs  in  the  direction  of  heaviest 
traffic,  and  where  the  traffic  is  equal  In  both  directions,  the  creep- 
ing Is  in  the  direction  of  down-grade. 

154K  If,  in  the  two  lines  of  rails  forming  a  track,  the  joints  are 
placed  opposit  to  each  other,  they  are  called  **^vem  JolBta"! 
while  *'sta«rsered''  or  ^'broken"  joints  are  those  where  each  joint, 
in  one  of  the  lines  of  rails,  is  opp  to  the  middle  of  a  rail  in  the 
other  line.  In  the  latter  and  more  usual  case,  the  jar  of  passing 
from  rail  to  rail  Is  less  severe  than  with  even  joints,  but  of  course 
twice  as  frequent. 

151.  To  lessen  this  jar,  rails  have  been  cut  with  beveld  or 
mlterd  ends,  so  that  the  vert  plane,  forming  the  rail-end,  makes 
an  angle  of  45*  to  60*  (Instead  of  the  usual  right  angle)  with  the 
longitudinal  vert  plane  of  the  rail  web. 

152.  Ansl«  plates.  Figs  7,  have  practically  supplanted  all 
other  forms  of  joint.  Their  hor  flanges  give  lateral  stability  to  the 
Joint,  and  carry  part  of  the  load  directly  to  the  ties,  thus  relieving 
the  rail-ends  to  that  extent. 

153.  Tbe  slots  in  the  flanges  of  the  angle  bar  should  be  so  spaced 
that  the  two  spikes,  driven  into  n  tie  for  each  rail,  shall  not  be 
directly  opp  to  each  other,  but  "staggered",  in  order  to  reduce  the 
danger  of  splitting  the  tie. 

164.  Usual  dlmemsionst  etc^  for  ansl«-bar  rati  Jolnta. 

Angle  bars  Bolt  holes  Bolts 


mil 

length 

lbs 

diam 

length 

diam 

i/yar< 

1       ins 

per  pair 

No. 

ins 

ins 

ins 

70 

40 

70 

6 

»Ao 

4 

% 

75 

40 

76 

6 

% 

4% 

" 

85 

40 

80 

6 

lVi« 

4% 

% 

90 

27 

— 

4 

1 

4% 

" 
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155.  Bridgre  Joint.  Fig  11.  In  the  bridge  joint,  the  hor  flange 
of  the  angle  bar  is  rolled  wider  than  usual,  and  its  middle  portion 
is  prest  downward  by  dies,  forming  a  girder,  O,  which  extends 
downward  betw  the  tw^o  joint-ties.  This  increases  the  vert  strength 
of  the  joint,  and  the  broad  flanges  increase  the  bearing  surface  of 
the  load  and  increase  the  lateral  strength  of  the  joint ;  but  the 
downward-projecting  flanges  (requiring  to  come  between  two  ties) 
restrict   the  liberty  of  placing  the  joir 


See  end  of  V  168. 


^ „  .    nt  with  respect  to   the  ties. 

Figs  11  represent  the  Bonzano  bridse  Joint. 
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ICM.  Otker  »vomln«At  tTPes  of  aii«le-bar  |«lats.     PIgi  12. 


100% 


Weber 


Wolhaapter 


Oontlniioiis 


\^^I^ 


Duquesne  Braddock 
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157.  Abbott.  In  the  Abbott  rail-joint.  Invented  by  F.  B.  Abbott 
Inspecting  Engr,  Lackawanna  &teel  Co,  the  upper  edge  of  each 
angle-bar  is  slightly  deprest,  at  center.  In  order  to  keep  it  away 
from  the  bottoms  of  the  rail-heads,  at  the  Joint,  and  thus  to  avotd 
the  wear  and  cutting  of  the  top  of  the  angle-bar  by  the  rail>head8 
at  that  point. 


Fiar.  13. 

isa  Fisher.  Figs  13.  In  the  Fisher  joint  (Fisher  Rail  Joist 
Works,  Trenton,  N.  J.)  the  rail  bases,  at  their  ends,  are  supported 
by  a  flanged  plate,  F,  placed  under  the  rail  base  and  bolted  to  it  by 
a  U-boIt,  B,  and  clips,  L.  as  shown,  instead  of  haying  the  support 
under  the  rail  heads  as  in  the  angle-bar  joint.  A  notcht  and  cam- 
bered piece,  S,  of  spring  steel,  placed  betw  the  U-bolt  B,  and  the 
flanged  plate,  F,  and  held  in  place  by  the  U-bolt  which  passes  thro 
the  notches,  keeps  the  joint  elastic,  takes  up  looseness  due  to  wear, 
cushions  the  stresses  on  the  bolt,  and  maintains  pressure  betw  the 
threads  of  bolt  and  nuts,  thus  acting  as  a  nut-lock. 


Flff.  14. 

1B».  Tke  ^triple  flak"  (Fisher)  Joint,  Fig  14,  has  also  a  sap- 
porting  plate  under  the  rail-base,  ft  Is  a  short  joint,  with  three 
T7-bolts,  as  shown,  and  specially  formed  angle-bars  (''keepers") 
bolted  thro  the  rail-web. 
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Track  Bolt* 

IM.  •UBtbread^d  bolt  mngt  bend  coM  thru  180^  and  flatten 
without  fracture  on  outside.* 

*Tbr(»dB;  U  8  Standard  upeet,  unless  otherwise  specified :  cut 
or  rolled;   <  2   >   5  finder  threads.* 

•For  shipment,  bolts  olid ;  nuts  applied  for  <  2  threads.    1915.* 

Spiral  SprlBflT  Not  lioelu. 

(See  also  p  1167.) 

161.    •Steel;  phosphorus  >  0.05%;  sulphur  >  0.05%. 

Flnlsht  nut-lock   (of  internal  diam  of  from  "/i«  to   I'/w  Inch) 
held  flat  for  one  hour,  must  recover   <  Va  Its  height  or  thickness 
if  thickness   <   width ;   <   0.5   X   thickness  If  square ;    <   width  if 
height  or  thickness  >   width. 

No  sign  of  fracture  when  one  end  is  held  in  vise,  and  odd  end 
twisted  to  46  •.     1915.  •  .  ^ 


Metal  Parts.      Speclflcatlons. 

Steel.    Minlmom  reqnlrementa. 

(For  railii,  see  pp  795,  1152.) 

1«2.  Strength  and  elastic  limit  in  lbs  per  sq  inch. 
2  ins. 


Elongation  in 


▲  BE  A  Manual 

Tie- 

1015 

plateaS 

Ult  tensl  stgth,  u. 

55,000 

EHastlc  limit. 

0.5  ic 

Elongation,  in  2  ins 

20% 

Reduction  of  area. 

40% 

AREA  Manual 

T     J 

1915 

Carbon 

steel 

Ult  tensl  stgth.  u. 

.... 

Elastic  limit. 

35.000 

or  6.5  u 

Elongation,  in  2  ins 

25% 

Reduction  of  area. 

50% 

Finlakt   Spikes 

Driven  Screw 


55.000 
0.5  t* 
20% 
40% 


60.000 
0.5  u 
22% 
40% 


e     k         bolts 

Nickel  or  other  alloy 
untreated  treated 


45,000 

or  0.5  u 

20% 

40% 


75,000 

or  0.5  tt 

15% 

40% 


Creeping 

163.  Rkil  creeping  is  due  to  the  undulatory  motion  of  the  rail 
under  moving  trains,  and  is  most  markt  on  roadbeds  lacking  in 
firmness,  and  on  heavy  grades.  The  rails  creep  in  the  direction  in 
which  the  trains  move;  and  creeping  therefore  gives  most  trouble 
on  double-track  lines.  It  is  increast  by  rail  expansion  in  hot 
weather,  and  dimtnlsht  by  freezing,  which  restricts  the  undula- 
tory motion. 

164.  '^Cromi-blndlns"*  Fig  15.  has  been  successfully  used,  to 
prevent  creeping.  This  consists  simply  in  driving  the  outside 
spikes,  for  each  rail,  as  shown,  in  advance  of  the  Inside  spikes  in 


*Am  Sy  Engg  Assn.  fP  R  R.   lU  P  R  R.  See  also  Specifications  p  780. 
SFor  iron  tie-plates,  see  U  140. 
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that  direction  in  which  the  rail  tends  to  creep.  Then.  If,  for 
instance,  rail  A  creeps  in  the  direction  indicated  by  the  arrovc 
carrying  its  end  of  the  tie  with  it,  the  tie  is  thrown   toward  the 


^^t 
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position  indicated  by  the  dotted  lines;  increasing  (1)  the  lateral 
pressures  of  both  its  spikes  against  its  flange;  (2)  the  grip  of  the 
tie  on  the  rail,  and  thus  (3)  the'  reslstce  to  the  sliding  of  the  rah 
on  the  tie.     And  conversely  for  rail  B, 

165.  Very  longs  ties  (sometimes  as  long  as  12  ft)  hare  also  be«n 
used  to  reduce  or  prevent  creeping. 

106.  Slot-splkin«r  of  splice-bars  is  effectiy  against  creeping,  pro- 
vided the  Joint-ties  hold  in  the  ballast  If  they  do  not,  the  raiU 
should  be  anchord  to  intermediate  ties  by  anti-creeping  straps.  Or 
anchors  may  be  made  of  old  splice-bars,  cut  transversly  into  s«'c 
tlons,  leaving  one  bolt-hole  in  each  section,  and  making  a  spike  slut 
In  its  hor  leg.  A  hole  is  then  drilled  in  the  rail  web,  over  the  tW. 
and  the  anchor  is  bolted  to  the  rail,  and  spiked  to  the  tie  thru  the 
slot.  Resistance  to  creeping  may  then  be  further  increast  by  fit- 
ting blocks  betw  the  ties  ahead  of  the  anchord  ties. 

Another  anti-creeping  device  consists  in  a  clamp  which  grips  the 
rail  base  without  bolting,  and  has  a  lug  which  bears  against  the 
side  of  a  tie. 

Alt  bo,  in  order  to  prevent  rail  creeping,  the  angle  splice  bars  are 
sometimes  slot-spiked  to  the  ties,  ti  166,  it  seems  preferable  to 
depend  upon  rail-anchors  or  anti-creepers ;  see  foregoing  H  K. 

167.  On  the  St.  Louis  bridge  (steel  arches)  and  its  eastern  ap- 
proach (plate  girders  on  iron  columns),  the  rails  crept,  in  the 
direction  of  tralBc.  about  a  ft/day,  both  up  and  down  a  grade  of 
80  ft/mile,  and  with  such  force  that  none  of  the  various  fastenings 
tried  suflSced  to  prevent  the  creeping,  and  the  track  was  adjusted 
dailv  to  accommodate  it.  See  paper  by  Prof.  J.  B.  Johnson,  Assn 
of  Engng  Socs,  Journal,  Vol  IV,  No  1,  Nov  1884. 

168.  In  relaying  rails,  when  this  involvs  changing  the  positions 
of  the  Joints,  It  has  been  usual  to  re-space  the  ties  to  conform  to 
the  new  positions ;  but  this  practice  has  been  abandoned  in  somt* 
cases,  and  with  apparently  beneflclal  results,  the  ties  and  ballast 
being  left  undisturbed. 

Where  angle  splice-plates  (such  as  those  of  the  Bonzano  Joint. 
H  155)  with  vert  flanges  projecting  downward  betw  the  ties,  are 
used,  tie  shifting  Is  of  course  unavoidable. 

Contlnuons  Rails. 

160.  Expansion  and  contraction.  In  street  railway  work,  tho 
rails  are  commonly  ^velded,  cast  or  riveted  together  at  their 
ends,  forming  practically  continuous  rails;  and  ample  experleno* 
has  shown  that,  here,  as  In  steam  railroad  work,  a  long  line  of 
continuous  rail  does  not  expand  and  contract  seriously  as  a  whole, 
under  temperature  changes :  the  tendency  to  expand  or  contrnci 
being  successfully  resisted  I)y  the  ground,  acting  thru  the  ties  and 
the  rall-fastenlngs.  The  result  is,  of  course,  an  increase  of  longi- 
tudinal stress  in  the  rails,  with  corresponding  microscopic  changes 
in  their  cross-sec  areas. 

170.  To  king  the  linear  expansion  coeff,  a,  of  steel,  (sny 
0.00O006  5)  as  the  unit  stretch,  c,  or  stretch  per  unit  length, 
(pp  456-7)  under  1'  Fahr  temp  change,  and  its  elastic  modulus,  E, 
as   29.000,000  Ibs/sq   inch,    we   have   unit   stress    =    J?  e    =    188.5 
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Ibs/sq  Inch/deg  Fahr.  Taking  the  temp  range  at  140*  Pahr,  and 
assuming  the  rails  laid  at  mean  temp,  these  would  be  subjected  to 
a  max  temp  change  of  TO**  and  to  a  max  unit  stress  of  70  X  188.5 
=  say  13.200  Ibs/sq  inch,  which  is  well  within  the  allowable  unit 
stress  of  rail  steeL 

9Ilac«llaneous 
171.  Dllf«renc«f  In   Icnsrth,  between   Inner  and  ooter  raila. 
Fig  16. 


R     =.     radius  of  center  line  of  track ; 
A     =     sweep  of  curv ; 

Oc    =     gage,  measured  between  centers  of  rails; 
L,  L;  Li     =     length  of  arc,  on  center  lines  of  curv,  of  outer 
rail,  and  of  inner  rail,  respectively. 
In  a  full  circle   (360*)  : 
U    =    2ir(/2   4-   Oc/2)     =    2rR  +  2  ir  Gc/2 ;    =    2rR   -f    v  Qc ; 
Li    =    2r{R  —   Oc/2)     =    2tR  —  2  r  Oc/2',    =    2  «■  J2   -  ir  Oc; 
and,  subtracting.  Lo    ^    Li     r=     2  r  Oe. 

Hence*  In  an  arc  of  A**,  we  have: 

A*  ttQc 

Le    --    Li     =z     2rOc  =     A'. 

360  180 

With  gage,  O,  =  4  ft  8.3  ins,  we  have  Oe  =  about  4  ft  11  ins 
=  4.917  ft;  and  L.  -  Lt  =  0.08o818A°;  log  0.085818  = 
S.03358. 

In  any  s>l^«n  Icnnrth,  L,  on  center  line,  we  have : 
L                      ISO'L 
A*     =     seo"  = . 

2  ir  ie  IT  R 

irOcA**  vOc         ISOL  QoL 


Hence  L»  —  Li 

180  180  ttR  R 

In  other  words;  for  a  given  sweep,  A,  the  dlff,  Lo—Li,  is 
independent  of  the  rculius;  whereas,  for  an  aro  of  given  length,  L, 
the  diff  varies  inversely  as  the  radius,  and  is  independent  of  the 
sweep. 

Gatre-wtdenlne  on  Cnrva. 

172.  The  necessity  and  the  extent  of  gage- widening,  on  curvs, 
depend  upon  many  variable  factora,  such  as  length  of  rigid  wheel- 
base,  the  slack.  8j0r  diff  betw  the  track  gage,  G,  (on  tangents)  and 
the  wheel  gage,  w,  (see  Fig  2,  under  •'Rolling  Stock,"  p  1040)  on 
both  new  and  worn  wheels,  etc.     Hence,  opinions  and  practice  differ 
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173.  Practice.  Out  of  104  RRs  questioned  by  the  Am  Ry  Aam  1b 
1807,  25  reported  no  Increase  of  gage  on  cnrvs.  The  other  79  RRi 
reported  widely  varying  practice,  roughly  summarised  as  follows:— 


Increase  of  gage 
beginning  with  D     = 

!• 

2- 

3* 

4« 

5*        «• 

8' 

Radius,  ft, 

6730 

2865 

1910 

1433 

1146     955 

717 

Max  Increase, 
in  16ths  inch 

4 

4 

6 

8 

8         8 

12 

Number  of  replies 

18 

6 

15 

10 

16         7 

3 

Increase  of  gage 
beginning  with   D    = 

9* 

10* 

12- 

13* 

20*     21* 

Radius,  ft. 

637 

574 

478 

442 

288     274 

Max  increase. 
In  16ths  inch 

12 

16 

16 

16 

16       19 

Number  of  replies 

1 

2 

0 

1 

0         1    = 

T9 

174.  The  Am  Ry  Bn^iiir  Ajini  recommenda  (Manual,  1915. 
p  117)  no  widening  on  curvs  of  8*  or  flatter.  On  sharper  currs.  It 
recommends  widening  %  inch  for  each  additional  2*  (or  fraction) 
of  sharpness,  up  to  a  max  curv  gage  of  4  ft  8.25  Ins  for  standsni 
gage  of  4  ft  8.5  ins.  Gage,  Inclualng  wear.  In  no  case  to  exceed 
4  ft  9.5  ins. 

175.  Master  Car  Bulldcra'  Standarda  (see  Fig  2,  under  "Roil- 
ing Stock,"  p  1040)   make 

ig  (  =  (?  —  TT)  =  4ft8.51nsmlnns4ft7"/MinB  =  "/wio. 
This  play  suffices  to  prevent  4-wheel  car  trucas  from  binding  on 
steam  roads.  But  the  case  is  different  with  the  longer  rigid  arlv- 
ing-wheel-bases  of  locomotivs. 

170.  The  Pennsytvania  RR  pushes  freight  cars  around  wtr^ 
house  sidings  of  60  ft  radius  (D  =  about  113*)  ;  track  gage,  m 
tangents,  4  ft  8.5  ins ;  on  curvs,  where  necessary,  4  ft  9  ins. 

177.  Geometry  of  relation  betweca  flragre  aad  cnrratave. 


FI«.  17. 

Fig  17.     Let 

r      =     radius    of    wheel-tread 
f      =     denth  of  wheel-flange; 
Jj     =     length  of  flange- lap. 
Then 

L     = 
178.  Figs  18,  19.     Let 
D     =     curv  sharpness ; 
G     =     track  gage  on  tangent; 
rigid  wheel-base; 


2    -4  (r    -f    /)» 


B  = 
L  = 
R4R9 


length  of  flange  lap ; 
=     curv  radius ; 
O4  Go  =  curv  gage  giving  same  play,  8,  as  O  gives  on  tangent : 
flf«  =r  0^4  —  a;B«  (  =r  flf,  —  O)  =  slack  =  gage  increase  for  curv- 
ature. .    ^,-,^,^ 
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Tbea,  Vig  18,  f»r  m  4-wkccl  troeks 

Stack*      i9«=<?4  —  G^=:inn  =  (approx)  m' n' 


=       (approx)    LtinAOB    =    L 


B    -^    L 


_      IrCB     +     L) 

Approximately  enoagh,  S4     = 


2(«4    +    G/2)» 


LB 
2A« 


LBD 
11,460 ' 


Fig.  19 


Fig  10.     For  a  6-wlMel  track  9  axles  equaUy  spaced^ 
approx  (see  small-scale  Fig  20)  : 


we  have. 


6,  -  G  = 


i'-PY' 


Nearly  enough,  S4    = 


2 


2««  + 
5>Z> 


(g  +  J^)* 
8iJ,  +  4(?« 


8  J2«  45.840 

If,  In  a  flix-wheel  truck,  tbe  axles  are  aa*«nall7  spaced^  or  If 
there  are  mmvc  tkaa  tkrcc  axlca,  the  equation  glyes  8^  greater 
than  necessary,  thus  erring  on  the  safe  side. 

Rail  Wear  on  Carrs. 

179.  Ftgs  21.  Special  rails  and  other  devices  have  been  nsedt 
either  to  resist  or  to  avoid  the  lateral  forces  developt  on  curvt, 
and  the  additional  wear  due  to  them. 

ijBO.  Fig  21a.  On  sharp  cnrvs,  the  Lehigh 
Valley  RR  uses,  Instead  of  its  normal  100-lb 
rail,  a  110-lb  rail,  of  the  same  height  and 
base-width,  but  with  a  web  1/32  inch  thicker, 
and  a  head  5/16  Inch  deeper,  with  a  special 
outside  angle  bar,  which,  on  the  outer  side, 
projects  upward,  alongside  of  the  head,  to 
support  the  head.  A  special  stept  or  "compro- 
mise" Joint  is  used,  to  effect  the  transfer  betw 
the  normal  and  the  special  rail. 
Fig,  aia. 

*As  an  approximation,  G  is  here  used  for  Oj  or  G«  (still  un- 
knowB).    In  pnctioe,  O  may  -naUy  be  '^^*^;^i^oog[e 


181.  Fig  21b.    In  the  Mannlns  rail,  used  on  the  Balto  ft  Ohio 

RR,  the  head  thickness  is  unsym metrical,  the  greater  thickness  be- 
ing on  the  side  subject  to  wear.  When  this  has  worn  down  snlB- 
ciently,  the  rail  is  shifted  laterally  toward  the  curT  center,  in 
order  to  take  up  the  wear,  and  thus  restore  the  gage. 


FIS.  21b.  Flff.  21c. 

182.  Fig  21c.  In  order  to  reduce  the  slip  of  the  inside  wheels,  fai 
traversing  curvs,  the  Southern  Pacinc  Ry  uses,  on  the  inner  sides 
of  curvs,  a  rail  with  a  head  25%  narrower  than  that  of  the  staad- 
ard  rail.  The  special  rail  is  about  8%  deeper  than  the  normal  raiL 
A  special  taper  rail  is  used,  to  effect  the  transfer  betw  the  normal 
and  the  special  rail. 

SapereleTation.    See  H  If  172  to  103,  nnder  "Curva'*,  p  963. 

IJLTING  AKD  HAINTBXANCB 
liaylBK 

183.  The  complete  operation  of  laying  track  is  usually  performed 
in  two  stages,  (1)  Placing  the  track  upon  the  ground  well  enough 
to  permit  the  construction  train  to  run  over  it,  and  (2)  Ballasting 
and  general  completion  of  work. 

184.  Geaeral.  A  vital  problem  of  the  work  is  that  of  transport- 
ing ties,  rails  aud  fittings  from  the  source  of  supply  to  the  **froQt" 
where  they  are  to  be  lai^.  The  ties  are  sometimes  carted  ahead 
(part  of  the  distance,  at  least),  on  wagons,  especially  in  prairie 
country,  or  where  a  highway  lies  near  by.  The  rails  are  usually 
carried  on  flat  cars  in  the  construction  train,  which  is  pusht  ahead 
over  the  new  track  as  It  is  laid.  The  rails,  and  the  ties,  when  they 
are  carried  on  the  train,  must  still  be  transferd  from  the  cars  to 
points  Just  beyond  the  furthest  point  of  track  laid,  where  they  In 
turn  are  laid,  and  spiked  and  bolted  up,  sufficiently  to  permit  the 
construction  train  to  progress  over  them. 

185.  Conatnictlon  Train.  The  make-up  of  the  construction 
train  will  depend  upon  the  speed  of  laying,  dlst  from  base  of  sup- 
plies, grade  and  motive  power,  and  possible  or  probable  locations 
of  sidings.  If  the  cars  used  for  living  purposes  are  placed  at  the 
head  of  the  train,  the  materials  must  all  be  transported  around 
them ;  and  if  left  on  a  siding  while  the  work  goes  on.  there  may 
be  serious  delay  in  getting  them  bnck  and  forth  to  the  construction 
crews  for  meals  and  sleeping.  Frequently  they  are  placed  at  the 
front  of  the  train  and  left  there.  The  order  of  the  cars  in  the 
train  is  usually  somewhat  as  follows,  beginning  with  the  car 
furthest  ahead ; — 

"Pioneer"  car;  with  office,  and  possibly  shop  and  tools; 
Store  car,  with  miscellaneous  supplies,  for  living,  etc.; 
Bunk  and  dining  car  or  cars,  combined  or  separate ; 
Kitchen  car ; 

Additional  bunk  and  dining  cars,  if  necessary ; 
Tool,  or  feed  and  water  car : 

Bail  cars;  as  many  as  needed  for  the  day,  or  as  can  be  handled 
over  the  grades  and  curvs  by  the  motiv  power  available; 
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Track  fittings  ear;  splice  plates,  bolts,  nuts,  etc; 

Tie  cars  ;  as  Decessary  ; 

Telegraf  line  supplies  car,  (if  required)  ; 

Fuel  car  {it  the  tender  capacity  is  insuflScient  for  a  day's  service 
and  if  other  sources  of  supply  are  not  ayailable)  ; 

Locomotiv ;  sometimes  several 

IM.  ForwardlBff  Supplies.  At  night,  or  when  necessary  to  re- 
turn for  more  traclc  material,  the  buna  and  dining  cars  are  left  at 
the  furthest  end  of  the  construction  or  on  a  siding,  and  the  loco 
returns  with  the  rail  and  tie  cars  (anc^  fuel  car,  if  any)  to  the  base 
of  supplieb — probably  a  yard.  Ralls  and  other  supplies  are  there 
loaded  on  to  the  construction  train.  Straight  and  curvd  rails,  odd- 
length  rails,  and  hard  and  soft  ties  should  be  loaded  separately. 
Otherwise,  much  time  may  be  lost  in  rehandling  and  hunting  them 
out  as  needed.  By  morning,  this  much  of  the  train  returns  to  the 
site  of  operations  and  connects  up  with  the  remainder. 

187.  The  road  bed  should  be  well  leveld,  preparatory  to  receiv- 
ing the  ties  and  rails ;  as  an  uneven  surface  may  strain  and  bend 
the  rails  badly  when  the  construction  train  is  run  over  them,  or  in- 
crease danger  of  derailment 

188.  Plllne  tlea.  When  ties  are  stored  near  the  track,  the  fol- 
lowing conditions  are  usually  required.  (See  also  ''Seasoning" 
under  **Ties*',  f  63,  p  788.)  •Piled  <  10  ft  from  nearest  rail, 
3  ft  clear  betw  piles.*  tOn  ground  not  lower  than  grade  of  RR, 
laid  on  foundation  of  stone  or  cull  ties.t  'Piles  of  either  25  or 
50  ties.*  tPlles  >  12  layers  high.f  *Each  pile  markt  with  own- 
er's name  and  date  when  piled*  tand  number  of  ties  of  each  kind 
of  wood  in  pilc.t  *Sawd  and  hewd  ties  piled  separately.*  f Chest- 
nut piled  separately.!  *TIes  treated  with  zinc-chlorid  or  other 
water  solution  to  be  piled  in  close  piles  on  well-draind  ground.* 

189.  iMjimm  ties.  Ties  are  either  dellverd  by  teams,  .or  are 
carried  ahead  by  hand,  or  by  the  **track-laying  machine'*  (see 
If  199).  As  far  as  possible,  hardwood  ties  are  reservd  for  curvs. 
The  ties  may  be  thrown  down,  and  are  then  laid  in  place,  being 
lined  and  spaced  by  a  cord  or  graduated  rod  or  other  means. 

llNk  liayine  rails.  Ralls  may  be  skidded  to  the  ground  from 
the  rail  car,  laterally  over  a  couple  of  inclined  rails;  but  it  is 
generally  regarded  as  bad  practice  to  let  them  strike  each  other,  or 
to  let  them  be  thrown  on  to  rough  ground.  fTo  be  distributed  base 
down,  with  uniform  bearing  surf  on  roadbed. t  They  may  be  car- 
ried ahead  by  men,  or  dragd  by  horses,  or  dellverd  by  the  "track- 
laying  machine"  (see  11199),  as  may  appear  expedient;  and  then 
laid  on  the  ties. 

t  Rails  laid  one  at  a  time.  Ends  brought  squarely  together 
against  expansion  shims.f 

191.  Rall-bendlnar  for  cnrra.  The  necessity  for  bending  rails 
permanently,  before  Taylng  them  in  curvd  track,  increases  with  the 
weight  of  the  rails  and  with  the  sharpness  of  curvature ;  and 
decreases  as  the  rail  length  increases  and  as  the  rail  is  held 
securely  to  its  place  under  traffic. 

192.  On  curvs  of  moderate  aharpneaa,  rails  are  usuallv  laid  with- 
oot  previous  bending,  being  sprung  to  curv,  and  then  held  by  the 
spikes,  etc.  For  curvs  sharper  than  say  10*,  and  for  turnouts,  the 
rails  are  bent,  at  the  site,  by  means  of  a  hand  rail-bender,  at  a 
cost  of  from  $35  to  $60  or  more,  per  mile  (Camp).  For  special 
layouts,  they  are  sometimes  bent  (cold)  at  the  mill,  by  power  ma- 
chinery. 

193.  In  iumouta,  the  "lead  rails  should  be  curvd  before  they  are 
laid ;  otherwise  It  is  difficult  to  prevent  them  from  twistlne  the 
headbhoes  around  when  attempting  to  spring  a  curv  into  them" 
(Camp). 

*Am  Ry  Engg  Assn.  fP  R  R.   tU  P  R  R.  See  also  Specifications  p  780. 
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Middle    Ordlnatem    m,    for 
bending:  rails  on  €arve».    See 

page  817. 

C    -  length  (100;rt)  of  chord  used  In 

ruDDing  curve; 
D    —  degree   of  curvature  —  central 

angle  subtended  bj  chord,  C; 

"  —  radius  of  ounre,  ft ; 


■■  length  of  rail,  In  fit; 

—   ^  —  central  angle  subtended  bj 
■"  rail,  in  radians ; 


A^^mm  07.2958^; 

log  67.2968  -  1.758  1226  ; 
(1  radian  -  57.29560) ; 

m     -  iZ(l  — ooa-|^),infl. 
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.069 

.052 

.044 

.0;i8 

.032 

.096 

.021 

.017 

.018 

.010 

.007 

.OBf 



8.S 

J6a7 

.069 

.060 

.9S2 

.044 

.037 

.031 

.025 

.020 

.015 

.011 

.006 

.006! 

_^ 

4. 

1133 

.079 

.069 

.030 

.05a 

.042 

.035 

.028 

,022 

.017 

.013 

.009 

.006 



4.5 

1274 

.089 

.077 

.067 

.057 

.048 

.039 

.033 

.OSfi 

,019 

,014 

.010 

.007 

_- 

5. 

1 140 

.098 

.066 

.074 

.063 

.053 

.044 

.02IE 

.ois 

.022 

.016 

.011 

.007 

. 

5.5 

104i 

.108 

.094 

.0^1 

.069 

.058 

.048 

.089 

.031 

.024 

.017 

.012  .006 

_, 

6. 

aw,  4 

Al» 

.10,1 

.0S9 

.075 

.064 

.053 

.042 

.034 

.026. 619 

.013, .009 

.006 

6.5 

KHl,9 

.12H 

.112 

.096 

.0.H2 

.009 

.057 

.046 

.037 

.Q2« 

.021 

.014'. 010 

.006 

7. 

eioo 

.137 

.120 

.103 

.0S8 

,074 

.061 

,050 

.o;t9 

.030 

.022 

.015:,  010 

,006 

7.5 

7fi4.5 

.147 

J2ii 

.tn 

.094 

.UTS 

,066 

.053 

.042' 

,032 

.024| 

.017 

.Oil 

.006 

». 

716. a 

J57 

.137 

.IIH 

,101 

,0»5 

.070 

.057 

.045 

.034 

.025 

.016 

,011 

6.5 

G74.8 

.157 

.14rt 

.125 

.107 

.09^) 

.074 

.000 

.048 

.037 

.027 

.019 

.013 

!007 

9. 

f.37.3 

.177 

.ir.4 

.133 

.113 

.09,'! 

.079 

.064 

.050 

.039 

.029 

.020 

.oia 

.t«r? 

ff.5 

euci.M 

.187 

J62 

.14U 

.119 

JOl 

-ouri 

.067 

,053 

Ml 

.030 

.021 

.014 

.009 

10 

fi73.7 

.197 

.171 

.147 

.126 

.106 

.037 

.071 

.066 

.043 

.033 

.0£t 

.014 

.008 

11 

52L7 

,216  MSS 

.liVJ 

.las 

.116 

.096 

.076 

.061 

.047 

,039 

.024 

.016 

12 

478.^ 

.235j.aU5 

,177 

.I31i 

.127 

,109 

.08S 

.067 

.052 

.083 

.096 

.017 

[oio 

13 

441,7 

,255*. 222 

.192 

JK* 

.137 

.113 

.003 

.078 

.096 

.041 

.099 

.019 

.010 

14 

410.3 

.274  .239 

.29G 

.1711 

A-m 

.122 

,099 

.078 

.060 

,044 

,031 

.030 

.Oil 

15 

383,1 

.2^4  ,256 

.221 

.16.H 

.158 

.131 

.106 

.064 

.064 

.047 

.033 

.021 

.012 

16 

S5S.3     1 

.313  .272 

.2^S 

,200 

.169 

.139 

.113 

.<m 

,068 

,051 

.036 

.002 

.013 

17 

S3.H.3     i 

.3321 /Ml 

.'irjO 

.213 

.179 

.14S 

.120 

.095 

.073 

.064 

,087 

.024 

.oil 

18 

3J9.6 

.^2 

.306 

.2131 

.225 

.1S9 

.1.57 

.127 

.160 

.on 

.067 

.040 

.OSS 

.014 

19 

802.9 

.371 

.32.1 

.270 

.237 

.200 

.165 

.134 

.104 

.061 

.060 

.043 

,027 

,018 

20 

2*i7.9 

.sm 

.049 

.293 

.249 

.210 

.174 

.140 

.111 

.0H5 

.063 

.044 

.02S 

.01  fi 

21 

274,37 

.410 

.8.^6 

.3W7 

.2621 

,221 

.182 

.147 

.117 

.089 

.066 

,046 

.029 

,017 

22 

262,04 

.429 

.37;; 

.322 

.274 

.231 

.191 

.155 

.122 

,091 

,069 

.048 

.mi 

.017 

23 

2&fJ,79 

.449 

.asw 

.336 

.247 

.241 

.199 

J61 

.128 

,096 

.073 

.«» 

,0S2 

.Ollt 

24 

240.49 

.4tid 

.406 

.331 

.290 

.252 

.20^ 

.16S 

.133 

.102 

.075 

.062 

.019 

25 

.231  .m 

.487 

.423 

.366 

.311 

.262 

.216 

,175 

.139 

,106 

.078 

.054 

!ois 

.020 

2fi 

222.27 

.S06 

.440 

.380 

.324 

.272 

.225 

.182 

.144 

.110 

.081 

.057 

.036 

.029 

27 

214.16 

.026 

.457 

.394 

.336 

.2«3 

.234 

.183 

.149 

.115 

,084 

.059 

.03^ 

.021 

26 
29 
80 

206.(17 

.545 

.474 

.409 

.348 

.2SA 

.242 

.196 

.155 

.119 

.087 

,061 

,089 

.031 

199,79 

.564 

.491 1 

.42.1 

.360 

.303 

.3.50 

.203 

.16^ 

.123 

.090 

.063 

.040 

.V& 

19®, 19 

.582 

.507 

.437 

.873 

.813 

.259 

.210 

.166 

.127 

.0^ 

.OOS 

.041 

.029 
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818  BAII.BOADS. 

194.  BfacpansloB  and  eoatmctimi,  Btfpansian  tMrnt  are  of 
many  types,  from  special  graduated  wedges  to  wire  nails ;  but  tbey 
should  be  of  Iron  or  steel,  not  wood,  and  should  be  stampt  wirb  the 
temperatures  at  which  they  are  to  be  used.  They  are  placed  tem- 
porarily betw  the  rail  ends,  and  so  serv  to  space  the  rail  Joints, 
and  thus  to  provide  for  expansion  and  contraction.  They  are  re- 
moved later. 

195.  Provision  for  expansion.  (33  ft  rails.)  Temperatures. 
Fahr,  taken  on  rail  at  time  of  laying. 


Space,  In  Inches 
betw  rail-ends 

Vw 

V«                     Vi. 

Am  Ry  Eng  Assn 
Penna  R  R 

—  20*  to        0* 

-  10*  to  +  14- 

O'to-f  25*        25*  to  50- 
14*  to       38*       38*  to  62* 

Space,  in  inches 
betw  rail-ends 

V. 

Vi.                     01 

Am  Ry  Eng  Assn 

Penna  R  R 

P  R  R,  in  tunnels 

50*  to75* 

62*  to  86« 

22  • 

75»  to  100*       over  100* 

86*  to  110«       over  llO* 

46*               over    70* 

fAt  insulating  Joints,  ^  inch,  irrespecttv  of  temp.t 
IINI.  Jolnta  are  next  made  up,  the  splice  bars  being  put  in  place. 
some  If  not  all  of  the  bolts  past  thru  the  holes,  and  the  nets 
tlghtend  up.  The  expansion  shims  may  then  be  removed.  fOn 
tangents,  each  Joint  is  to  be  opposit  the  middle  of  the  opp  rail 
of  the  same  track.     On  curve,  variation  >  18  in8.t 

197.  Spikins  the  rails  to  the  ties  then  follows.  The  Ue  is  held 
up  against  the  rail  by  a  man  with  a  **nipping  bar'*,  (a  lever  which 
straddles  the  rail  and  hooks  under  the  tie),  and  two  men  drive  the 
spikes,  one  on  each  side  of  the  rail,  striking  alternately.  Each 
spike  should  be  driven  vertically  and  should  be  started  with  the 
side  of  the  point  squarely  in  contact  with  the  rail  flange,  so  that  It 
will  crowd  the  rail  all  the  way  down.  Where  screw  spikes  ar? 
used,  the  operation  is  of  course  different  See  under  "screw  aplkes^. 
II  V  107  etc.  Care  is  of  course  taken  that  the  gage  be  properly 
establisht  when  the  spikes  at  the  other  end  of  the  tie  are  driven. 

198.  Specifications.  fWhere  tie  plates  are  not  used,  inside  spikes 
to  be  driven  near  east  or  south  edge  of  tie;  ontside  spikes  driven 
near  west  or  north  side  of  tie;  <  2  ins  from  edge  of  tie.     190e.t 

t Spikes  per  tie  at  each  rail ; — 
On  tangents  without  tie  plate;  1  inside,  1  outside 

On  tangents  with  flat  or  ribd  tie  plates;         2  inside,  1  oatside 
On  curvs  with  flat  or  ribd  tie  plates;  2  inside,  2  outside.! 

*  Spikes  must  not  be  straightend  during  driving.  Outside  spikes, 
of  both  rails,  to  be  on  one  side  of  tie ;  both  inside  spikes  on  the 
opp  side.  Spikes  ordinarily  2.5  ins  from  outside  of  tie.  Old  spike 
holes  to  be  plugd.* 

199.  <<Track-layin8:  maehlnes'%  so  called,  do  not  actually  lay 
track.  They  merely  facilitate  the  forwarding  of  the  rails  and  ties 
from  their  cars  to  the  points  ahead  where  wanted.  They  consist 
of  some  form  of  rollers  or  track  mounted  on  the  constraetion  train, 
along  either  one  side  or  both  sides,  or  over  the  top.  In  some 
machines,  the  run-way  Is  laid  on  a  grade  and  the  material  goes 
ahead  by  gravity ;  while  in  others  it  is  carried  on  traveling  plat- 
forms or  belts  or  other  transfer  devices  driven  usually  by  a  special 
stationary  engin.  Such  machines  are  seldom  expected  to  expedite 
the  work:  but  only  to  cheapen  it,  by  reducini;  the  nnmber  of 
laborers  necessary. 

«Am  Ry  Engg  Assn.  fP  R  R-   tU  P  R  R.  See  also  Specifications  p  790. 
SLaid  close,  without  bumping. 
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BALLASTING.  819 

Speed  of  laying,  according  to  Oamp,  under  ar  condlttons; 

atx>ut    one    mile    in    10    hours    without    hurrying;    employing    64 
laborers,  3  foremen  and  2  teams  of  horses. 

Ballaatlii«. 

201.  DellT«rlBS  Ballast.  Ordinary  flat  cars,  without  side- 
boards, loaded  by  steam  shoTel,  hold  about  10  cu  yds  each.  With 
sideboards,  2  ft  8  ins  high,  a  car  40  ft  long  will  hold  about  32 
ca  yds.  The  sideboards  are  arranged  as  a  series  of  doors,  hinged 
at  top. 

202.  Plat  cars  are  economically  unloaded  by  the  use  of  a  plow, 
dragd  along  the  tops  of  the  flat  cars,  by  means  of  a  wire  cable, 
attacht  either  to  the  loco,  or  to  an  engln  drum  on  a  car  at  end  of 
train.  With  a  loco,  the  train  stands  still,  and  each  car  deposits 
Its  full  load  within  a  dist  equal  to  its  own  length ;  but,  with  engin 
and  drum,  the  distribution  of  the  material  can  be  controlled  by 
haying  the  train  in  motion. 

208.  Center  plotea  distribute  the  ballast  on  both  sides  of  the 
track.  They  are  guided  either  by  stakes,  temporarily  placed  in  the 
side  pockets  for  the  purpose,  or  by  rollers  bearing  on  the  sides 
of  the  car.  The  point  of  the  center  plow  is  usually  movable  side- 
ways; so  that,  if  desired,  more  ballast  may  be  unloaded  on  one 
side  of  the  track  than  on  the  other. 

204.  Side  plows  unload  on  one  side  only.  They  are  guided  by 
side  stakes.  Side  unloading,  with  either  side  or  center  plows,  in^ 
volves  the  expense  of  throwing  the  ballast  back  upon  the  track. 
See  also  Dump  Cars,  under  Rolling  Stock,  ff  80,  p  1058. 

905.  To  prevent  ballast  from  dropping  on  the  track,  betw  cars, 
a  hor  apron  of  boiler  plate  is  hinged  at  one  end  of  each  car;  so 
as  to  overlap  the  space  at  the  coupling. 

200.  Levellnp:.  When  ballast  is  unloaded  (between  the  rails) 
from  hopper-bottom  dump-cars,  it  is  leveled  by  means  of  a  spreader* 
plow  car,  attacht  at  the  rear  of  the  train,  or  by  means  of  a  cross* 
tie  fastend  ahead  of  the  front  wheels  of  the  rear  truck  of  the  car 
being  dumpt.  Several  men,  with  bars  or  shovels,  are  required  on 
the  car,  to  push  the  material  down  into  the  hoppers. 

907.  Tamping;.  Earth  or  clay  talUut.  Shovel  equipt  with  iron 
cuff  or  handle  for  tamping;  broad-pointed  tamping  bars.  *Tamp 
each  tie  from  18  ins  (burnt  clay,  15  ins),  Inside  of  the  rail  to  end 
of  tie  with  handle  of  shovel  or  tamping  bar.  If  possible,  tamp  the 
end  of  the  tie  outside  of  rail  first  a^d  let  train  pass  over  before 
tamping  inside  of  rail ;  give  special  attention  to  tamping  under  the 
rail ;  tamp  center  of  ties  loosely  with  the  blade  of  the  shovel.  The 
dirt  or  clay  betw  the  ties  should  be  placed  in  layers  and  firmly 
packt  with  feet  or  otherwise,  so  that  It  will  quickly  shed  the 
water ;  the  earth  should  not  be  bankt  above  the  bottom  of  the  ends 
of  the  ties ;  the  flllbig  betw  the  ties  should  not  touch  the  rail  and 
shonld  be  as  high  as,  or  higher  than,  the  top  of  the  ties  in  the 
middle  of  the  track.  With  broken  atone  or  furnace  slag,  do  not 
tamp  center  of  ties;  bank  ballast  into  shoulder  about  the  end  of 
the  ties  level  with  top  of  tie.* 

206.  Costs  f  Ballast,  cts  per  cu  yd 

Machine-crusht  stone,  at  auarry   45  to    76 

Placing  under  track,  and  tamping 16  to     26 

In  track,  completely  ballasted,  lined  and  drest....     76  to  126 

Gravel,  in  completed  track   20  to    30 

Including,    for    labor  of   placing  in   track,    tamping 

and  dressing   10  to     16 

Unloading,  with  plow  and  cable,  including  labor  of 

handling  cable  and  use  of  equipment  0.5 

Boadbed  oil, 2  to  8%   cts  per  gallon 

*Am  Ry  Bngg  Amu.  fP  &  B-   tU  P  B  B.  See  also  Specifications  p  780. 
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820  BAILBOAD8. 

a09.  OlllBs  Balbwt*     On  dtfiy  roadbeds,  annoyaace  to  paaseD- 

gers  and  injory  to  ti«fl  and  journals  may  be  prevented  by  sprinkling 
the  ballast  with  oil,  which  penetrates  to  a  depth  of  aeyeral  tnchca. 
holding  down  not  only  the  dust  already  present,  but  also  that 
which  may  settle  subsequently.  It  evaporates  so  slowly  that  one 
application  per  season  usually  suffices. 

210.  **Roadbed  oil"  is  a  product  of  petroleum  distillation,  witli 
a  spec  grrav  of  about  0.89.  It  is  practically  non-combustible  under 
the  conditions  of  its  use,  and  it  is  said  that  fewer  ties  are  bumd 
in  oild  than  in  unoild  track. 

211.  Oil  coating  retards  the  growth  of  weeds  in  tbe  ballast: 
and,  by  rendering  the  ballast  non-absorbent,  reduces  beavlng  of 
the  track  by  frost.  It  is  believd  to  preserr  ties  by  excluding 
moisture. 

212.  The  sprinkling  apparatus  is  commonly  installed  on  a  flat 
car,   with   couplings  lor  connection  to  an  oil-tank  car.      In 


weather,  the  oil  flows  freely  by  gravity.  In  cold  weather,  its  flow 
may  be  assisted  by  steam  or  air  pressure,  taken  from  the  loco. 
The  oil  is  applied  to  the  track,  to  the  shoulder  of  the  roadbed,  and. 
if  required,  to  the  slopes  in  cuts  and  fills. 

213.  The  sprinkling  train  can  cover  about  4  mlles/hr,  using 
2,000  to  2,500  gals  of  oil  per  mile  of  unoild  single  track.  Subese- 
quent  spravings  require  less  oil.  The  penetration  increases  with 
each  spraying,  until  the  depth  reaches  about  8  ins,  which  suffices 
to  prevent  dry  and  dusty  ballast  from  being  thrown  up  during  tie 
renewals  or  tamping. 

Maintennnce  of  'Way. 

214.  Svrfaelnir  consists  of  raising  depressions  in  the  track, 
(mostly  at  Joints)  to  an  even  surface.  It  is  not  necessary  to  main- 
tain track  to  the  grade  stakes  to  which  it  was  laid  when  new,  as 
long  as  it  is  malntaind  fairly  even. 

215.  Surfnelnff:  <«ont  of  faee^  (consisting  of  a  resurfacing  of 
the  track  as  a  whole)   is  necessary  every  few  years. 

216.  Cost  of  surfacing  varies  from  about  $100  to  |200/mile 
/annum,  depending  upon  the  density  of  traffic,  and  upon  the 
materials  of  which  the  track  is  constructed. 

217.  Ballast.  Renetoah  Before  distributing  new  ballast  on  the 
track,  the  old  ballast  should  be  removed  from  betw  the  ties  as  deep 
as  their  bottoms,  and  used  to  widen  the  shoulders  of  the  roadbed. 
Bee  also  "Ballasting",  H  j  201,  etc. 

218.  Cleaning  ballast.  *  Intervals,  in  years,  betw  cleanings :  in 
terminals,  1  to  3 ;  heavy  traffic,  coal  and  coke  lines,  3  to  5 ;  light 
traffic.  5  to  8.* 

*  Under  usual  conditions,  clean  only  stone  and  hard  slag.  Use 
ballast  forks.  Clean  (a)  shoulder,  oown  to  sub-grade;  (b)  betw 
ties,  to  bottom  of  ties;  (c)  center  ditch  of  double  track  to  sub- 
grade.     Return  clean  ballast* 

*Bank  gravel  (Percentages  refer  to  the  original  bulk) 
Road  To  be  Washt  or  Screend  Washt  or  Screend 

Class  when  containing  >  gravel  should  contain 

A  2%  dust  or  40%  sand     a     25%      >     35%  sand 

B  3%      "      or  60%      "  *:     25%      >     50%     "     • 

219.  Ties.  The  person  inspecting  ties,  with  a  view  to  renewal, 
may  indicate  such  ties  by  a  spot  of  white  paint.  The  usual  method 
of  putting  in  new  ties  is  to  dig  a  trench  beside  the  old  tie,  slightly 
deeper  than  the  tie;  then  to  pull  it  sidewise  into  the  trench,  and 
then  to  haul  it  out.  If  the  new  tie  is  thicker,  or  the  old  tie  was 
rail-cut,  it  is  necessary  to  dress  down  the  bed  of  the  tie.  In  rock 
ballast,  ties  can  be  renewed  at  the  rate  of  8  or  10/day/man;  In 
gravel,  14  to  18. 

•Am  Ry  Engg  Assn.  fP  R  R.   |U  F  R  R,  See  also  Specifications  p  780. 
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Oo8t  of  Renewing  T1e» 

In  stone  ballast  about  20  cts  each 

in  loose  sravel  6  to  10  cts  each 

in  cementing  gravel  10  to  20  cts  each 

in  hard  slag  9  to  15  cts  each 

S21.  Ralls.  New  rails;  to  be  laid,  are  placed  on  the  ties  out- 
side the  old  rails  in  place,  and  bolted  together  into  such  sections 
as  can  be  expeditiously  handled.  The  spikes  on  the  inside  of  the 
rail  In  senrice  are  pulled,  the  rail  is  lifted  out  without  unbolting 
the  joints  (except  at  ends  of  sections),  and  the  new  rail  is  set 
in  place  and  spiked. 

222.  On  onn>8,  rails  are  often  transposed,  the  worn  outside  rails 
being  moved  to  the  inside  of  the  track,  and  the  less-worn  inside 
rails  to  the  outside;  the  inside  spikes  being  palled,  the  rails  trans- 
posed, and  the  spikes  replaced. 

St3;  The  hardest  track  to  maintain  is  that  on  sharp  ourvs,  ele- 
vated for  fast  passenger  trains,  and  having  to  carry  freight  trains 
whose  speed  is  limited,  as  by  grade  conditions. 

224*  Tmck-rccordlMK  cam  are  of  many  types,  there  being  ap- 
parently no  standard.  Nearly  all  carry  a  long  strip  of  paper, 
moved  hj  dock-worlc,  or  by  gearing  from  the  wheels,  so  that,  by 
means  of  mechanical  pencils  or  pens,  plottings  are  made,  on  which 
the  abcissae  may  represent  eitner  time  or  distsnce,  as  desired. 
In  order  to  identify  different  portions  of  the  record,  it  is  custom- 
ary to  devote  one  or  two  pens  to  the  recording  of  time  by  means 
of  a  clock  sending  impulses  thru  an  electro-magnet  which  actuates 
a  pen ;  or  to  recording  distance,  either  automatically,  by  gesring 
from  the  wheels,  or  by  impulses  sent  from  a  push-button  by  an 
observer  watching  for  mile-posts  or  other  land-marks.  These  marks 
are  identified,  either  by  making  them  with  certain  characteristics, 
as  double,  triple,  or  long  marks,  or  by  another  operator  recording 
the  name  by  band,  opposit  the  mark. 

225.  Various  elements  are  recorded,  and  In  different  ways. 
Lateral  or  vertical  inequalities  of  the  track  are  recorded  either  by 
pendulums,  (free,  restricted,  or  "dampt"  by  "dash-pots"),  by  the 
relativ  motions  of  truck  and  car-body,  or  by  those  oi  an  Idle  wheel 
or  pair  of  wheels.  Some  cars  are  arranged  to  daub  the  side  of 
the  rail  automatically  with  paint,  wherever  the  track  is  uneven. 

DTmamoiaeter  Canu  See  under  Train  Resistance,  p  1067. 
V  f  56.  etc. 
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TURNOUTS  AND  CROSSINGS 

PART  I.     PRACTICE 

TURNOUTS. 

For  the  geometry  of  turnouts^  see  Part  II,  p  848,  etc 
General 

1.  Blement*.  Figs  1.  A  turnout  consists  essentially  at  t 
switch,  two  ''lead"  rails,  L  and  Li*,  a  frog,  and  two  gard-rails,  9 
and  gt. 

2.  Faclns  and  Tralilns-  Figs  1.  When  a  train  enters  a  turn- 
out in  the  direction  of  the  arrow  (passing  the  switch  before  reach- 
ing the  frog),  it  is  said  to  "face**  the  switch.  When  It  approaches 
<  either  from  the  main  track,  M*,  or  from  the  turnout,  7)  in  the 
oppoBit  direction  (passing  the  frog  before  reaching  the  switch)  It  U 
said  to  **trair'  the  switch. 


Fls*  !• 


3.  Double  track  I  Fig  2;  trains  keeping  to  the  rl|^ht,  as  Indi- 
cated by  the  arrows.  Here,  for  the  normal  traffic,  X  and  Y  aiv 
facing  switches;  while  V  and  W  are  trailing  switches.  In  learlng 
a  main  track  by  a  trailing  switch  (i,e,,  in  facing  a  traUing  switch) 
a  train  must  move  in  the  direction  contrary  to  the  one  proper  to 
said  track.  Nevertheless,  the  superior  safety  of  trailing  switcbea 
justifies  their  use. 

4.  Fig  2.  A  turnout  is  rlarkt-kand  or  left-kand,  accordingly 
as  it  sends  a  facing  train  to  the  right  or  to  the  left  from  the  main 
track.  Thus.  V  and  W  are  right-hand  turnouts,  while  X  and  7 
are  left-hand. 

5.  Tke  poaltlon  of  tke  awltek  (Figs  1),  determlns  which  of 
the  two  tracks,  if'  or  T,  a  facing  train  shall  follow.  The  main 
lead  rail  or  main  closure  rail,  L,  and  the  turnout  lead  rail  or 
turnout  closure  rail,  Li,*  lead  from  the  switch  to  the  frog,  the 
flangeways  of  which  permit  the  flanges  of  wheels,  on  either  one  of 
the  two  lead  rails,  L  and  Lt,*  to  pass  thru  (see  pgf  68)   the  other 

*Some  writers  call  the  two  curvd  rails,  Lt  and  Lt'  the  lead 
rails.     See  Webb.  Railroad  Construction,  pp  265  and  ,25^' 
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lead  rail.  The  two  gard-rails^  g  and  gt,  keep  said  wheels  to  their 
proper  paths  by  conflDlng  the  flanges  of  their  mates  while  they  are 
passing    the  frog. 

«.  T^e  lead  (sometimes  called  the  foos  dlntaaee),  is  the  dist, 
Br,  Figs  1,  where  P  is  the  theoretical  frog-polDt  (f  42)  and  B  is 
the  position  of  the  theoretical  switch-point  (V  79)  on  the  turnout 
side  of  the  main  track,  MM',  when  the  switch  is  set  for  the  main 
track,  as  in  Fig  la. 

^_ r     , 

^^'^   — *    '^>^  - 

W  X 

Fis.  2. 

T.  Tke  lead  emrr,  or  tnmoav  ciurv,  D  S,  Figs  1,  is  usually  (at 
least   in  theory)  a  simple  or  circular  curr.  Fig  13.    The  gage- 

lines,  a  y  and  h  z,  of  the  frog  are  usually  straight  thruout  the  frog. 
or  from  frog  heel  to  frog  toe:  as  are  also  the  switch-rails  thruout 
ttieir  own  length.   But  see  f  77. 

Types  of  Turnout*. 
Dossble  Tornonts. 

8.  Figs  3.     In  a  double  turnout  (often  called  a  three-tkrow  or 

tlia-ee-vray  turnout),  two  side  tracks  leav  the  main  track  at  the 
same  point.  As  compared  with  two  neighboring  turnouts  from 
one  track,  a  double  turnout  economizes  space,  material,  labor  and 
time,  and  facilitates  operation. 

9.  Curvature.  The  main  track  may  be  Btraight  or  owrvd,  and 
tke  side  tracks  may  leav  the  main  track  on  the  same  or  on  opp 
Bides.  When  they  leav  from  opp  sides,  their  sharpnesses  (Curvs, 
1  11)  may  be  equal  or  different.  Altho,  in  operation,  the  side  tracks 
are  thus  dlstinguisht,  by  their  purposes,  from  the  main  track,  it  Is 
often  convenient  to  disregard  this  distinction,  and  to  consider  the 
three  tracks  with  recrard  onlv  to  their  relativ  positions,  or  as 
outer  and  middle  tracks.  See  4  11.  Thus.  T  or  T*  may  be  a  carvd 
main  track ;  in  which  case,  M'  is  a  straight  turnout 


^■ 


Fls.  8. 


10.  Elements.  Figs  3.  A  double  turnout  requires  a  ^-throw 
9fcitch,  two  main  frogs,  m,  m',  a  crotch  frog  (middle  frog),  c,  and 
bIz  gard-rails  (two  for  each  of  the  three  frogs),  unless,  as  in  Figs  8, 
the  two  main  frog  angles  (see  Part  II,  tl  32)  are  equal,  and  the 
two  main  frogs  therefore  opposit;  in  which  case  one  wing-rail 
(see  f  41)  of  each  main  frog  acts  as  gard-rail  for  the  other  main 
frog,  and  only  four  gard-ralls  proper  (as  shown)  are  required. 
When  the  two  main  frogs,  m  ^.nd  m',  are  of  but  slightly  dlff  angles, 
and  therefore  nearly  opp,  It  is  impracticable  to  place  and  main- 
tain the  two  additional  gard-ralls  of  sufficient  length.  In  Figs  3, 
the  two  rails  of  each  three-throw  switch  are  indicated  by  light 
lines,  which  show  the  switch  set  for  tracks  T*,  M'  and  T,  respec- 
tivly,  as  indicated  by  the  arrows.  Where  the  turnout  curvature  is 
f;harp,  the  sides  of  the  crotch-frog  are  sometimes  curvd  to  accord 
with  it. 


824 


BAILROADS. 


Main,  Side  amd  CoaaeetlBS  Tmduk 

11.  Of  the  two  tracks,  connected  by  a  tnmoat.  It  la  nsaally 
practicable  to  distlnguiBh  betw  one,  as  the  main  track,  and  the 
other,  as  the  side  track.  The  track,  betw  the  main-track  fro^  and 
the  aide-track,  is  called  the  connecting  track;  but  the  term,  ^'coc- 
necting  track."  is  applied  also  to  a  track  of  some  length  connect- 
ing two  tracks  neither  of  which  is  a  side  track  to  the  other. 

12.  A  aiNir  or  atnb  track  ia  a  track  (usoally  short),  sonring 
some  special  purpose,  as  n  neighboring  qnarry,  siding,  borrow-plt 
or  warehouse,  and  not  returning  to  the  main  track. 

12a.  A  transfer  connects  two  non-adjacent  tracks,  and  the 
term  is  used  especially  when  these  are  at  diif  levels. 

12b.  A  leader  crosses  diagonally,  and  connects,  a  series  of  paral- 
lel or  concentric  tracks. 

12c.  A  ladder  (see  Part  II,  p  871,  T  57)  connects  a  main  track 
with  adjacent  yard  tracks. 


Fis.  4a. 

Ganntlet  and  IntervolTd. 

IS.  Fig  4.  In  certain  special  cases,  as  where  two  parallel  or 
concentric  tracks  must  pass  thru  a  space  too  narrow  for  double 
track,  as  in  a  single-track  tunnel  or  bridge,  the  arrangement 
shown  may  be  used.  Where  the  traffic,  on  the  two  tracks,  Is  In  opp 
directions,  the  arrangement  ia  called  a  granntletf  when  It  is  in  the 
same  direction,  the  tracks  are  said  to  be  Interrolvd.  Two  frogs, 
but  no  switches,  are  required.  The  two  tracks  are  laid  upon  the 
same  ties. 


Flff  .  5. 


14.  ImproTlac  Switch  liocation.  Pig  5.  To  avoid  placing  a 
switch  on  the  outside  of  a  curv  it  may  be  placed  In  the  tangent,  back 
of  the  curv-point.  A,  and  the  traffic  carried,  on  a  concentric  inter- 
volvd  track,  to  the  frog  where  the  turnout,  T,  must  leav  the  main- 
track  curv,  A  M\  Thia  arrangement  involva  the  use  of  one  switch 
and  one  frog. 

15.  An  arrangement  of  Intervolvd  tracks  is  sometimes  nsed  for 
the  protection  of  track  aealeo  from  unnecessary  usage  by  traffic 
which  is  not  to  be  welghd.  The  track,  carrying  such  traffic,  rests 
upon  solid  piers  passing  thru,  but  independent  of,  the  scale  plat- 
form. This  arrangement  Involvs  the  use  of  two  switchea,  without 
a  frog.    See  Yards  and  Stations,  f  60. 
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JDiaau»nd   or  cqullaterml  turnout. 

%Bm  T¥bere  a  parallel  or  concentric  side  track  leavs  a  straight  or 
cam!  main  track,  the  main  track  ordinarily  contlnnea  its  course 
unaffected  by  the  presence  of  the  turnout ;  the  deflection,  from  thla 
couTse,  being  effected  entirely  in  the  turnout. 


IT.  If,  however,  the  defl  be  equally  divided  betw  the  main  and  the 
Bide  tracks,  we  hare  a  "diamond**  or  "equilaterar*  turnout. 
Tbla  permits  the  use  of  a  frog  of  greater  angle  (lower  number), 
witbout  sharpening  the  curvature.     See  Part  Ut  f  52. 


Fls.  «. 
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Y-Tracks. 

18.  A  Y-track,  Pigs  6  &  7,  Is  used  for  turning  englns  end  for  end. 
It  thus  takes  the  place  of  a  turntable.  Entire  trains,  If  not  ton 
lonSt  may  be  turnd  on  the  Y,  as  well.  The  Y  should  cost  less,  foi 
maintenance,  than  a  turntable:  and  may  cost  less  to  install,  de- 
pending upon  the  cost  of  ground. 

19.  Fig  7.  Other  things  equal,  the  Y  oecttjiies  leiui  ground  when 
tbe  three  tracks,  or  "legs,**  are  curvs  of  equal  radius,  r,  and  of 
equal  length.  The  three  switches  are  then  at  the  apices  of  an 
equilateral  triangle,  ABO,  each  side  of  which  equals  the  common 
radius,  r. 

]>eralliBS. 

an.  Geueral.  Cars,  left  on  sidings,  may  be  moved,  by  gravity, 
wind,  carelessness,  etc.,  to  positions  near  enough  to  the  mam 
track  to  endanger  main-track  traffic  by  coIliBion.  Cars  may  start, 
by  gravity  alone,  upon  a  down  grade  of  about  0.4  per  cent  (21  ft 
per  mile)  ;  or  (under  wind)  on  natter  grades  or  on  level  track.  It 
|8  unsafe  to  depend  upon  the  brakes. 

».  T78ually  a  dist  of  12  ft  betw  track  centers  (say  6.5  to  7  ft 
clear  betw  rail-heads)  Is  considered  safe.  The  Penna  R  R,  1000. 
requires  <  16  ft  from  cen  of  siding  to  cen  of  main  track,  (18  ft 
where  practicable),  except  on  passing  sidings  where  parallel  to 
nain  tracks;  the  unconnected  end  of  siding,  adjacent  to  main 
track,  to  be  curvd  outward. 

22.  The  point,  where  the  two  tracks  approach  closer  than  allow- 
able, is  often  Indicated  by  a  elearance  pout  of  wood  or  of  metal. 
If  set  betw  tbe  tracks,  such  posts  are  dangerous  to  men  at  night. 
They  are  therefore  preferably  placed  4  or  5  ft  to  one  side  of  either 
track.  Sometimes  the  clearance  point  Is  Indicated  by  a  white- 
srasbt  half-round  tie,  laid  across  the  space  betw  the  tracks. 
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S3.  A  denUl  Is  used  in  main  or  In  side  tracks  where  deimlling 
la  preferable  to  allowing  a  car  to  reach  a  danger-point,  such  as  a 
switch  or  a  crossing,  etc. 

24.  Figs  8a,  80.  The  heel  end9  of  the  switch-rails  are  Indicated 
by  small  dots  on  inside  of  track. 

25.  A  Hmgle  derailino  9^teh-rail,  as  at  D  or  B,  suffices  for  mere 
derailment;  but  a  pair  of  aujitch-raiU,  as  at  B,  facilitates  restor- 
ing derailed  cars  to  the  track.  In  the  derailing  position,  th^^ 
switch-rail  Is  usually  supported  by  two  or  three  rail-braces.  8ee 
Track,  f  143. 

ac  The  derailing  switches  are  preferably  so  connected  with  the 
main-track  8 witch.  A,  that  the  derails  shall  always  be  In  the  posi- 
tions proper  to  tlie  position  of  the  main-track  switch.  (Compare 
Figs  8a  and  85.)  Otherwise,  a  sign,  reminding  the  switchman  to 
set  the  derail,  may  be  placed  at  the  main-track  switch. 

27.  IB  maiii-tnick  derails,  a&  at  D,  the  stock-rail,  8,  Is  bent 
outward ;  and  a  single  derailing  switch-rail  is  commonly  used,  heal- 
ing toward  the  main  track  frog,  m,  and  opening  Inward,  Fig  86. 

28.  In  side  track,  a  single  derailing  switch-rail,  E,  placed  in 
the  outer  ralL  heels  toward  the  main-track  frog,  m,  and  opens  in- 
ward, as  in  Pig  8a. 

(a)  8HM  Main  Track 
S 


(k)  Set  M  Side  Trads 
FIsm  & 

29.  Fig  8a.  Where  a  car,  deralld  from  the  turnout,  as  at  £, 
might  nevertheless  foul  the  main  track  (as  where  the  derail  is  near 
tfie  main-line  switch,  and  the  side-track  grade  Is  considerable),  a 
long  gard-rall,  g',  may  be  used,  to  keep  the  farther  wheels,  n,  away 
from  the  main  track,  and  a  plank,  p,  to  carry  the  nearer  wheel», 
n%  over  the  adjacent  side-track  rail,  B,  Or  a  derailing  tumoal, 
C,  may  be  used. 

30.  Fig  8b.  A  main-track  car,  deraild  at  D,  is  kept  near  Its 
proper  course  by  a  long  gard-rail,  g,  placed  about  8  Ins  from  that 
rail  which  is  opposit  the  derailing  switch.  This  gard-rail  may  be 
continued  backward,  and  bent,  as  shown,  narrowing  the  flangeway 
opposit  the  derail,  ond  thus  protecting  the  derail  switeh^point 
when  the  derail  switch  is  set  for  the  main  line,  as  in  Fig  8a. 

31.  Figs  8a,  85.  In  doable  track.  If  a  single  derailing  switch- 
rail,  D  or  B,  is  used,  it  Is  usually  placed  in  an  outer  rail,  in  order 
to  avoid  obstruction  of  the  other  track  by  deraild  cars. 

32.  Direction  of  Heeling.  Figs  8a^  85.  Where  a  pair  of  de- 
railing switches,  B  or  B',  is  used  in  the  side  track,  they  may 
either,  as  at  B,  heel  away  from  the  main-track  frog,  m,  openlni; 
away  from  the  main  track ;  or.  as  at  B',  they  may  heel  toward  the 
main-track  frof  and  open  toward  the  main  track;  in  either  case 
guiding  a  deraild  car  awa§f  from  the  main  track. 
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SS.  ^Wlkmrton  Switch.  A  special  abort  form  of  Wharton  switch 
(we  in  119.  etc.)  Is  used  for  main-track  derails,  the  derailing 
switch  rails  helng  thrown  apainst  the  main  track  rails  for  derail- 
ing, and  away  from  them  for  main- track  traffic.  This  arrangement 
leavs  the  main  track  unbroken :  and  its  wide  throw  ayolds  danger 
of  fouling  the  derail  when  set  for  main  line. 


Flff.  8. 

Catch  SldlBSS. 

34.  Fig  9.  Catch-sidings  are  often  provided  for  the  purpose  of 
dlrerting  and  holding  run-away  cars  on  steep  down  grades,  espe- 
cially when  approaching  curvs.  The  catch-siding  runs  a  short  dist 
up  the  hillside ;  and  the  switch  is  held,  by  a  spring,  in  position  for 
the  Biding,  as  shown;  so  that  the  run-away  car  is  diverted  to  the 
siding,  and  there  first  brought  to  rest  by  its  own  weight.  It  then 
runs  back,  by  gravity,  to  and  thru  the  switch,  and  up  the  main- 
track  grade.  It  thus  oscillates,  coming  flnally  to  rest  at  the 
switch.  In  normal  operation,  the  switch  is  thrown  over  to  the 
main-track  position,  against  the  spring,  by  the  switchman,  who 
holds  it  there  until  the  car  or  train  has  passed  the  switch. 

Per  Scotch-block,  see  Signals,  H  47,  p  989. 
Croaaovcrs* 

35.  Figs  10a,  10&.  A  crossover  connects  two  parallel  or  concen- 
tric tracks.  It  consists  of  two  turnouts  (facing  in  opp  directions) 
and  a  connecting  track,  which  may  be  a  tangent  or  a  reverse  curv. 


Fls.  10. 

36.  Rlffht  and  Left.  With  right-hand  traffic  (as  in  Figs  lOo 
and  10&),  the  two  turnouts  are  both  left-hand,  if  facing,  ns  in 
Fig  10a;  and  both  right-h&n6,  if  trailing,  as  in  Fig  106. 

37.  Double  SidlnffT.  Figs  11a.  115.  On  single  track  lines,  in 
order  to  allow  two  meeting  trains  to  await  the  passage  of  a  third 
train,  and  then  to  proceed  simultaneously  and  without  backing  or 


Flgrs.  11. 

Interference,  a  double  siding  is  provided.  The  side  tracks  may  be 
one  on  each  side  of  the  main  track.  Fig  11a,  or  both  on  the  same 
Bide,  Fig  11&. 
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S8.  The  lap  sidlu.  Pig  12,  has  the  adrantage  that  the  tele- 
graph office  may  be  placed  at  the  lap,  and  therefore  coDvenioit  to 
the  engins  of  both  standing  trains,  thus  facilitating  opention.  As 
will  be  seen,  the  lap  siding  is,  in  effect,  a  double  track,  of  lesgUi 
A  B,  with  a  crossorer  midway  of  its  length. 


Fls.  12. 


Gagre. 

39.  Some  roads  maintain  standard  gage  on  turnouts.  Others 
widen  tbe  gage  by  from  ^  to  ^  inch,  betw  switch-point  and  fros- 
heel,  beyond  which  points  the  gage  is  gradually  narrowd  to  stand- 
ard width  within  a  dist  of  about  30  ft  each  way ;  while,  on  Euro- 
pean roads,  the  gage  Is  often  narrowd  %"  in  the  turnout^  in  order 
to  prevent  lateral  play  of  the  wheels,  and  to  steady  vehicles  while 
on  the  turnout.  The  Wharton  switch,  see  ff  119,  etc.,  requires,  at 
the  switch,  a  gage  %''  wider  than  standard. 


Fit^grs. 


Rlffid  or  Stiff  Fros. 


Flc  IS. 


rig  13.     For  frog  geometry,  see  Part  II,  f  2, 

flanges  of  wheels,  on  rail  ay,  may  pass,  in 

either  direction,   thru   rail  oar    (or  vice  versa),  the  frog  provides 


40.  Flanfcewaya. 

etc.     In  order  that  the 


channels  or  "flangeways"  thru  rails  h  z  and  a  y,  respectivly, 

41.  ESlementa.  Fig  13.  Essentially,  the  frog  conslsta  of  four 
pieces  of  rail,  via: — 

av,  the  left  wing  rail; 

l>  w,  the  right  wing  rail ; 

Pz,  the  main  point  or  long  point; 

ky,  the  side  point  or  short  point. 

42.  Tbe  sase  lineap  thru  tbe  frog,  are  a  y  and  b  e.  Fig  18.  To 
the  remaining  parts  and  dimensions  of  the  frog  are  given  names  as 
follows : — 

Toe  spread.  T,=  aJ),  measured  betw  gage  lines  at  rail  heads ; 
Heel  spread,  H,  =  zy;  measured  betw  gage  lines  at  rail  heads; 
Throat,  the  point  of  shortest  distance  between  wing  rails ; 
Mouth,  the  trapezoidal  space  betw  the  two  wing  rails  and  betw 

throat  and  toe; 
Theoretical   frog  point,  P;  the  intersection  of  the  gai^  lines. 

ay  and  hz; 
Actual  (or  "half  inch")  frog  point;  ,     ^..^i^ 
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Tongue,  the  triangle  betw  P  and  k; 

FlAngewaya  or  channels,  the  two  parallel-sided  channels  betw  the 

points  and  the  wings; 
Frog  angle,  F,  =  zPy  =  a  Ph. 


4S.  The  fr«K  Bumber,  V,  Is  the  quotient,  l/i.  where  I  (not 
bown)  =  the  length  of  any  portion  of  the  frog,  and  i  (not  shown) 
=  the  increase  of  frog  wioth  (measd  betw  gage-lines  and  perp  to 


the  frog  axis)  within  that  portion.  I  is  measd,  by  some  engineers, 
alone  the  center-line  of  the  frog ;  and,  by  others,  along  a  gage-line ; 
and  tlie  number  of  a  given  frog  is  of  course  correspondingly  affected. 
See  Part  II,  H  6,  etc. 

44»  Rlsht  and  left.  Fig  13.  The  side  point,  ky,  is  or'dinarUy 
placed  in  the  turnout.  Hence,  a  frog  is  called  "H(77U-hand"  if  a  per- 
son, facing  it,  sees  the  side  point  on  the  right,  and  vice  versa. 

48.  Fillers.  The  two  point-rails  are  riyeted  together,  and  a 
steel  filler  is  secured  in  place  betw  the  point  and  each  wing-rail. 
The  two  fillers  are  sometimes  carried  beyond  the  point,  and  Joined 
there,  forming  a  single  straddling  filler. 


Sis.  14a. 


Fl«.  14b. 


trig,  14e. 

46.  FasteMlMss.     The   wing-rails  and  the  point,  are   held   to- 
gether, in  their  proper  relatlv  positions,  usually  either 

(1)  by  clamps  and  keys,  Fig  14a/ 

(2)  by  bolts.  Fig  14b; 
(8)  by  riveting  to  a  plate,  FMg  14c; 
"      "~  bolts  and  plate  [combination  of  (2)  and  (8)]  ;  or 

riveting  to  tie  plates.  .    f^rMi\f> 
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47.  Practice,  respecting  the  choice  betw  these  methods.  Is  indi- 
cated by  the  results  of  two  canvases,  showln^r  the  number  at  ic^da 
using  each  method,  as  follows : — 

(1)  (2)       (3)  (4) 

Clampt  Bolted  Plate  Bolt  and  plate  Total 

Roadmasters'  Assn,  18&7,  7  29         9  ....  45 

Eng  Newb,  1908  Jun  4,  7  32       15  10  64 

Frogs  are  connected  with  the  adjoining  track  rails  by  the  usual 
rail  joints.   See  Track,  tfjf  145,  etc. 

48.  Altbo  one  side  of  the  frog  is  in  the  turnout  curv,  and  the 
other  Bide  may  be  in  a  main-line  curr,  yet  the  shortness  of  the 
sides  warrants  making  them  straight,  except  in  very  sharp  turn- 
outs and  in  special  cases. 

48.  Length.  The  frog  length  must  be  such  that  the  rail  ends, 
at  toe  and  at  heel,  are  far  enough  apart  to  give  room  for  the  rail- 
Joints  without  interference.  Increast  length  strengthens  the  frog 
against  working  loose ;  but  it  also  Increases  waste  when  frogs 
must  be  renewd,  because  the  adjoining  rails  always  outwear  the 
frogs.  The  adoption  of  a  standard  frog  reduces  the  rail  cutting 
required  when  frogs  are  renewd.    See  f(  70. 

50.  Details.  The  wing-rail  on  the  turnout  side  is  sometimes 
made  slightly  longer,  at  the  toe,  than  the  other  wing-rail,  in  order 
that  the  main  and  turnout  lead  rails  (11  5)  may  be  of  equal  length, 
and  still  bring  the  heels  of  the  switch  rails  opposit. 

Wear*  Reinforcement^  etc. 

51.  Special  Steel.  Those  parts  of  frogs  which  are  subjected  to 
heavy  wear  are  frequently  made  from  special  manganese  or  other 
steel  of  high  wearing  quality,  and  built  into  the  body  of  the  frog. 
Progs  so  made  cost  about  twice  as  much  as  do  ordinary  frogs ;  but 
their  use  is  nevertheless  economical  under  heavy  traffic. 


FlflT.  16. 


52.  Baser  RalUu  Pig  15.  Fialse  or  outside  wheel  flanges,  f,  are 
formd  by  the  wearing  down  of  the  tread,  nearer  to  the  flange.  A 
short  easer  rail,  e,  bolted  out&lde  of  each  wing  rail,  w,  and  form- 
ing, with  to,  a  double-headed  wing,  raises  the  wheel  sufficiently  to 
keep  the  worn  tread  out  of  contact  with  the  point-rail,  h, 

53.  Heel  Block  or  Heel  Raiser.  Figs  16.  The  false  flange. /, 
of  a  trailing  wheel,  dropping  betw  the  point-rails,  M  and  8,  tends 
to  wedge  them  apart.  To  prevent  this,  a  heel  block  or  heel  raiser. 
R,  is  bolted  in  place  betw  the  point- rails.  The  raiser  slopes  down- 
ward toward  the  frog  heel,  as  shown,  in  order  to  lift  and  lower 
the  wheels  gradually.  It  may  be  a  solid  steel  casting,  or  an  inverted 
piece  of  rail.  It  also  servs  as  a  foot-gard.  See  f  75.  ITnleas  se- 
curely fastend,  it  may  be  driven  forward  by  the  false  flange,  /,  and 
may  thus  Itself  act  as  a  destructiv  wedge. 
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54.  In  the  rigid  or  stiff  frog  (thus  far  described)  all  the  parts 
are  immoyable,  and  both  flangeways  are  always  open.  The  wing- 
rails.  Fig  13,  by  supporting  the  outer  portion  of  the  wheel-tread, 
protect  the  relativly  slender  frog-point,  which  otherwise  would 
receiv  hard  usage  from  passing  wheels;  and  the  flangeways  are 
made  as  narrow  as  possible,  in  order  to  diminish  the  severity  of 
the  blows  deilTerd  by  wheels  passing  them ;  but,  nevertheless,  these 
blows  become  serious  under  heavy  traffic. 


Section  on  Center  Line      womtrwad 

^  -,    ,  ^ — — .-JS— -'#'a^/l«i»» 


Figr.  !«. 


5S.  Hlslft  FlaiiKevvayw.  In  early  days,  in  order  to  obviate  this 
difficulty,  the  flangeways  were  made  shallow,  so  that  the  wheels, 
traversing  them,  ran  upon  their  flanges,  their  treads  being  thus 
lifted  above  contact  with  the  rail-beads ;  but  the  flanges  soon  cat 
grooves,  which  lowerd  the  wheels  until  the  treads  again  bore  upon 
the  rail-heads,  striking  blows  as  before. 

SprlBflT-rall  Frogr*. 


In   the  spring-rail  frog,  the  turnout 
"■  ed  to  the  track 


tM.  Action.     Pigs  17,  18.  _      ^ 

wing-rail,  bs  to  (called  the  spring-rail),  altoo  spliced 
rail  at  its  toe,  b,  is  spiked  along  only  its  gage  side,  and  it  may 
therefore  be  moved  away  from  contact  with  the  point,  Py,  againut 
which  it  10  normally  held  by  springs,  as  at  A.  Any  main-track 
wheel,  m'  (like  its  mate,  m)  has  thus  always  a  full  bearing  thru 
the  frog.  The  spring-rail  slides  on  large  flxt  plates,  which  extend 
ander  all  the  frog  rails. 

Of  59  railroads  interrogated,  58  used  spring-rail  frogs  as  stand- 
ard.    Eng  News,  1908  June  4. 

57.  Wheels,  n',  o',  passing  to  or  from  the  turnout,  thru  the  frog, 
most  cross  the  flangeway  betw  the  point-rail,  P  z,  and  the  wing- 
rail,  P 17.  To  obtain  flangeway,  betw  the  spring-rail.  8  w,  and  the 
point,  Py,  the  flange  of  a  trailing  wheel,  o',  merely  pushes  in  betw 
the  two;  while  a  facing  wheel,  n  (being  held  away  from  the  frog 
by  the  gard-rail,  1571),  necessarily  guides  its  mate  wheel,  n',  in  thnt 
direction  also,  and  thus  forces  the  spring-rail.  »  v>,  away  from  the 
point  P  y,  and  opens  a  flangeway  for  wheel  w.  In  either  case,  the 
spring,  h,  restores  the  spring-rail,  aw,  to  its  normal  position,  in 
contact  with  the  point,  Py,  after  the  passage 
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58.  Gnld«-box.    Figs  17,  18.     In  order  to  prevent  the  free  end, 

w,  of  the  spring-rail,  h  w,  from  rising,  when  a  load  is  concentrated 
at  or  near  its  other  end,  &^  there  Is  fastend,  to  the  weh  of  the 
spring-rail,  near  to,  a  for^ng,  the  horizontal  tongue  of  which 
slides  in  a  guide-box,  o,  riveted  to  a  fixt  slide-plate  extending  nnder 
all  the  frog  rails  at  that  point.  The  guide-box  acts  also  as  a  stop, 
to  prevent  the  free  end,  w,  of  the  spring-rail,  from  moving  oat  too 
far. 

58.  In  order  that  the  spring-rail  head  may  fit  snugly  against  the 
point-rail  head,  its  flange  must  he  cut  away  on  the  side  next  to  the 
point.  The  spring-rail,  thus  weakend,  is  reinforced,  usually  by  a 
strap  riveted  or  bolted  to  Us  weh 


Fls.  17. 


Fls.  18. 

M,  Provision  aipalnst  false  flanges.  Fig  18.  If  the  hearing, 
betw  the  head  of  the  spring-rail,  sw,  and  that  of  the  point-raU, 
Py,  is  too  short,  a  false  flange  (1152)  worn  on  the  outer  edge  of 
the  tread  of  a  trailing  main-line  wheel,  m',  passing  from  W 
toward  M,  may  strike  the  spring-rail  flare,  w,  and  thus  wedge  the 
spring-rail  away  from  the  point,  P.  To  prevent  this,  the  spring- 
rail,  8  w.  Is  given  a  longer  bearing  against  the  point-raiU  P  y,  than 
would  otherwise  be  necessary.  For  a  similar  reason,  the  spring- 
rail  head,  where  in  contact  with  the  frog-point,  is  planed  down  to 
a  groove  parallel  with  the  main-track  gage-line,  as  indicated  by 
the  shading  in  Fig  17,  providing  a  flangeway  for  false  flanges. 

61.. For  Main  Traek  only.  Since  ordinary  spring-rail  frogs 
present  a  full  t>earing  to  the  treads  of  only  mafn-track  wheels,  m'. 
Fig  18,  and  not  to  those  of  turnout  wheels,  n'  and  o',  they  are  most 
useful  where  most  of  the  traffic  uses  the  main  track,  and  where 
but  few  trains  use  the  turnout.     But  see  f  V  66,  67. 
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««.  RlSbt  Mid  I^efft.  Rigid  ttogB  (except  th<we  with  nneaual 
wing-rails,  J  50)  may  be  n»eS  for  rteht-han/orfw  left-hand  la?5 

•»-  CjeeplM^.  Rf  17.  To  prevent  the  spring-raU  from  creep- 
ing,  without  restricting  its  lateral  motion,  the  link.  L  is  used. 
The  link  Is  so  set  that  the  tendency  to  creep  shaU  force  tie  spring- 
rail  against  the  tongue,  and  not  atcay  from  It.  i"— • 

04.  In  the  hinged  apHng-rail  frog  (deslgnd  to  avoid  the  neceft- 
?.2^**5  providing  aeainst  creeping  of  the  spring-rail)  the  latter  Is 
dlTided  at  a.  Fig  17 ;  and  the  portion  &«  is  flxt  in  position,  while 
the  portion,  sto,  is  hinged  at  w.  Instead  of  at  «,  where  it  is  left 
free  to  swing  outward  against  a  spring,  which  restores  it  to  its 
place  In  contact  with  the  point,  after  the  passage  of  each  wbeeL 

*!.•*•  ?T,^T^*-  ^*«".  ^^L^^*  ^^«^  ^  spring-rail  frog  is  used  on 
the  outside  of  a  main-track  curv,  the  centrif  force  of  a  main-track 
train,  pushing  against  the  sprhig-rall.  between  h  and  «,  tends  to 
open  It.  This  tendency  is  resisted  only  by  the  gard-rell.  g.  Pie  18 
opposlt,  but  It  Is  relievd  by  slightly  flaring  the  spring-rail  away 
from  contact  with  the  tongue  near  the  point  *-      «*  ' 

^  €;•.  Double  Sprlnvndl  Frogr.  In  the  double  spring-rail  frog, 
both  wlng-ralls  are  equlpt  as  spring-rails,  and  each  moves  Inde- 
pendentlv  of  the  other.  Both  flangeways  are  closed  when  no  whoels 
are  passing.  Such  frogs  are  adapted  to  turnouts  where  the  traffic, 
on  main  line  and  on  turnout,  Is  about  equal.     See  1(  61. 

07.  Slldlnsr  'Wlns-rall  Froir.  In  the  sliding  wtng-rall  frog,  the 
two  wlng-ralls  are  rigidly  connected,  at  a  flxt  dist  apart;  but  are 
free  to  slide  together,  so  that  either  of  them  may  rest  against  the 
flxt  tongue,  leaving  a  flangeway  between  the  other  wlng-rall  and 
the  tongue.  Wheels,  either  facing  or  trailing,  open  the  flangeway 
(If  it  Is  not  already  open)  by  sliding  the  wing-rails  over  (facing 
wheels  efTectlng  this  by  means  of  the  opp  gard-rall).  The  wings 
then  remain  in  the  new  position  for  following  wheels.  The  wlng- 
ralls  must  slide,  under  high  friction,  while  one  of  them  carries  the 
load  of  the  flrst  wheel ;  and  an  obstruction,  lodged  betw  one  wlng- 
rall  and  the  tongue,  may  hold  the  wlng-ralls  fast,  and  cause  de- 
railment. Like  the  double-sprlng-rnn  frog,  IT  A6,  the  sliding  wlng- 
rall  frog  Is  designed  for  cases  where  the  traffic,  on  main  line  and 
on  turnout,  is  nearly  equal.     See  H  61. 

Conttnnoiui  Main  Rail  Froffa* 

•6.  In  order  to  leav  the  main  rail  always  unbroken,  certain 
frogv  so  elevate  the  turnout  rail  that  wheel  flanges  on  the  turnout 
pass  over  (insted  of  thru)  the  main  rail,  the  treads  being  carried 
by  short  supporting  rails,  which  are  swung  temporarily  Into  posi- 
tion, meeting  over  the  main  rail  for  this  purpose,  and  which  are 
afterward  swung  aside,  in  opposlt  directions,  from  the  main  rail. 
Id  clearing  the  main  line.  The  switch  Is  set  simultaneously  with 
the  frog. 

SpccUleatlonaf  Vm^  ete. 

e9.  Reqvirementa.  In  ordering  frogs,  specify  type  and  details 
of  construction;  section  and  wt  of  rail;  rrog  number  or  angle; 
length  over  all ;  length  from  half -Inch  point  to  heel ;  spacing  of 
rail- Joint  holes  at  heel  and  at  toe;  thickness  and  dimensions  of 
plate  nsed ;  and,  in  the  case  of  a  spring-rail  frog,  or  other  frog 
with  unequal  wings  at  toe,  whether  rlgiit-hand  or  left-hand.  In 
order  that  the  parts  may  be  Interchangeable,  specify  also  that  all 
frogs  of  one  kind  shall  be  made  alike  as  to  drilling  of  bolt  and 
rivet  boles.  Wing  rails  (which  wear  oat  much  faster  than  point- 
rails)  can  then  be  readily  replaced. 
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TT 

8 

4' 9" 

11 

6'(r 

16 

8'(r 

70.  DlmenaloBB*  Am  Ry  Bbsbv  Amui,  Manual,  1915,  ppl68- 
170.  Slaea  or  Numbers.  (See  also  end  of  this  paragnph  for 
other  than  AREA.)  "Noa.  8,  11  and  16  frogs  are  recommended 
as  meeting  nil  general  requirements  for  yards,  main  track  switches 
and  Junctions.  New  work  should  he  laid  out,  as  far  as  practi- 
cable, for  these  three  frogs,  so  as  to  effect  the  gradual  elimination 
of  frogs  of  other  numbers,  lessen  the  cost  of  manufacture,  and  de- 
crease the  amount  of  stock  carried." 

Rigid  Frogs.     Figs  13. 

K  W+K  T  H 

8' 9"  LVe"  TVm"  13  V»" 

11' 6"  17' 6"  eVi."  12  Vm* 

16' (T  24' cr  6"  12" 

See  also  H  71. 

Vo.  11  8itring  frog.  Fig  17,  same  dimensions  as  for  No  11  rigid 
frog,  above. 

Dlama  of  bolts  for  all  the  foregoing  rigid  and  spring  frogs 
Rail,  lOO^lb         90-lb         80-lb         70-lb         eo-lb 

DUm,ins,  1%  1%  1%  1  % 

For  8pring-rail  frogt.  Fig  17. 
Bnd9  of  wing  rails  chamferd  at  45*  with  vertical. 
No  11  spring  frog  has  five  %  inch  open-end  prest-steel  stop-blocks. 
Stses  or  Nos.  For  main-track  alow-speed  turnouts,  Nos  8  or 
9  to  12  frogs  are  commonly  used ;  for  high  speed,  as  at  ends  of 
double  track,  Nos  15  or  16  to  20.  In  yards,  Kos  6  or  7  to  8  or  9 
are  used ;  in  crowded  industrial  yards,  for  locomotlvs  of  short 
Wheel-base,  Nos  4  to  6. 

71.  Flanseways.  A  canvass  of  59  railroads  showed  that  38  nsed 
flangeways,  in  frogs  and  for  gard -rails,  l%"  wide;  18  used  1%"  ^ 
and  3  used  2  ins. 

Oard-Ralls. 

72.  Fig  1.  In  passing  thru  the  frog,  each  wheel  is  held  to  Its 
proper  course  by  the  gard-rail,  g,  gt,  acting  upon  its  mate  wheeL 

73.  Details.  On  the  side  next  the  track  rail,  the  gard-rail  flange 
Is  cut  away  (or  the  gard-rail  is  rolled  with  its  web  inclined  toward 
the  track  rail)  in  order  to  allow  room  for  spiking,  in  the  narrow 
flangeway.  Instead  of  rails,  thus  trimmed  or  distorted,  heavy  steel 
ansies  have  been  used  as  gard-ralls.  The  standard  flangeway 
width  extends  for  one  or  two  feet  each  way  from  a  point  opp  the 
frog  point.  The  gard-rail  ends  are  preferably  planed  down  to  a 
long  bevel,  to  avoid  their  being  caught  by  accidentally  trailing 
objects;  or  the  web,  near  the  end,  may  be  removed,  and  the  head 
bent  down  to  the  desired  slope.  In  main  track,  the  gard-rails  are 
from  15  to  18  ft  long. 

74.  FastenlBflra*  The  gard-ralls  (sometimes  weakened  by  the  re- 
moval of  one  flange,  H  73)  have  to  withstand  severe  lateral  pres- 
sures: and  they  are  therefore  supported,  usually  by  rail-braces, 
secured  to  the  ties  on  the  side  opp  to  the  track  rail.  Or  tie-plates, 
extending  under  both  the  gard-rail  and  the  main  rail,  may  be  used : 
or  the  gard-rail  may  be  bolted  to  the  track  rail,  and  separated  from 
it  by  flller-blocks,  which,  near  the  flaring  ends,  act  also  as  foot- 
gards.    See  H  75. 

75.  Foot  Gards.  Where  the  clear  space,  between  adjacent  rails, 
is  betw  2%  and  5  Ins.  there  is  danger  that  men  may  have  their 
feet  caught  and  held  in  front  of  an  advancing  train.  Such  points 
are  found  at  the  ends  of  gard-rails.  at  the  throat  and  heel  of  frogs, 
In  the  flare  of  wing  rails,  and  in  switches.  Foot-gards  are  intended 
to  prevent  such  accidents.  They  are  required  by  law  in  some 
states.     They  are  formd  of  pieces  of  plank,  cut  to  fit  the  spaces 

•  and  spiked  to  the  ties ;  or  of  properly  shaped  wooden  or  cast  iron 
blocks  or  steel  strips,  bolted  to  the  rail  webs ;  or  of  steel  bars,  bent 
Into  a  series  of  angles,  and  placed  on  edge. 
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Switches. 
The  PelAt  Switch. 

For  the  stub  switch,  see  ff  96-99. 

FV>r  the  Wharton  switch,  see  Hf  119-126. 
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FIs*.  »• 

76b  General.  Figs  19a  and  196  represent.  In  outline,  the  princi- 
ple of  the  point  or  spilt  switch,  now  in  practically  universal  use  on 
main  lines.  For  simplicity,  the  rail  flanges  are  omitted  from  the 
Flga,  and  only  the  rail  heads  are  shown.  In  each  Fig,  the  switch 
Is  shown  set  for  the  wheels  marked  "O.  K."  It  is  misplaced  for 
the  others.  The  lead-rails,  Lt  and  L  (see  K  1,  Fig  1),  and  the 
stock-rails,  B  and  8t,  are  permanently  spiked  to  the  ties.  B  is  the 
main  stock-rail  (or  thru  rail),  and  Bt  Is  the  turnout  stock-rail  (or 
knee-rail).  At  B,  the  knee-rail,  Bt.  is  bent  to  a  sharp  angle  = 
switch  angle,  •  (Fig  21 )»  and  sometimes  klnkt  there,  for  the  recep- 
tion of  the  toe  of  the  point-rail,  p'  D',  when  set  for  the  main 
track,  as  In  Fig  19a. 


Flff.  2(K 


77.  The  flwiteh  or  |N>lnt  mils*  p  D,  p' D',  Figs  19,  are  formd 
from  ordinary  track  rails,  so  planed.  Fig  20  (for  the  taper  at  the 
point),  as  to  leav  the  gage  side  straight:  and  they  are  left  straight 
(except  for  very  sharp  turnouts,  where  they  are  sometimes  curvd). 
They  remain  straight  while  being  set  for  the  turnout ;  swinging 
about  their  heels,  D,  D',  Figs  19. 

78.  Leiii^h  of  Point.  In  ordinary  turnouts,  on  lines  where  30 
or  33-ft  rails  are  used  in  the  main  track,  the  switch-rail  length  (for 
economy  in  rail-cutting)  is  usually  15  ft  or  16'  6",  or  half  a  rall- 
lengtb ;  for  high  speeds,  howeyer,  as  at  end  of  double  track,  switch- 
lengths  of  20  to  30  ft  are  used ;  for  yards  and  branches.  10  or 
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11  ft.     In  any  case,  the  switch 
the  raU  Joints,  at  the  heels,  D 
the  stock-rails. 
See  table»  Part  2,  f  47 


lencth  mast  be  at  least  such  thst 
and  D',  FlgB  10,  thall  not  crowd 


Bis.  U* 


79.  The   Switch  AB«le  is  the  angle,  §,  Figs  20,   21.   

the  gage  sides  of  the  switch-rail  and  stock-rail.  On  acooont  of  the 
thickness,  a  b.  Fig  21,  of  the  actual  point  or  toe,  the  theoretictl 
switch-point,  or  the  vertex,  v,  of  this  angle  is  at  a  distance,  =  o  «. 
from  said  actual  point  (See  table  of  split  switches,  f  94.)  Actual 
switch-point  thickness,  ah,  =  va  tan  &, 


« 

V                            IP 

r 

rTtr 

Flff.  22. 


80.  Details  of  DealsB.  Fig  22.  To  protect  the  thtai  portion 
of  each  switch-rail,  near  the  toe,  the  top  of  that  portion  is  planed 
down  to  about  Vi  inch  below  the  top  of  the  adjacent  stock-iall,  at 
p;  but,  from  p,  the  switch-rail  top  rises  uniformly,  in  a  Tanring 
distance,  pu  (see  table  1194),  until,  at  u.  the  top  of  the  swftch- 
ratl  is  about  ^  inch  higher  than  that  of  the  adjacent  stock-tmll.  In 
order  that  the  "false  flange*'  of  a  gutterd  wheel.  Fig  28,  may  not 
foul  the  stock-rail,  or  wedge  the  two  rails  apart  by  dropping  Into 
the  narrow  space  between  them.  From  a,  rtg  22,  the  top  of  the 
switch-rail  maintains  this  superelevation  for  several  feet,  as  to  v, 
and  then  declines  until  the  tops  of  the  two  rails  are  at  the  same 
level,  as  at  w.  Sometimes  (for  the  same  purpose)  instead  of  thai 
raiHng  the  switch^roXl,  at  u,  the  stocl^rall  is  planed  doic»  to  bring 
its  top  below  that  of  the  switch-rail. 


Fiff.  2S. 


81«  ProteetloB  wmd  RelMforeeaieBt. 

ing  the  open   points,   the  throto,  at 
made  greater  thai 
flanges.    The 


To  avoid  danger  of  atrik- 
Flg   19a/  p'/Flg  196,  U 
song  the  y 


»inU,  the  throto,  at  p.  Fig  19a/  p'.  Fig  19b,  is 
n  would  be  necessary  for  merely  pssnng  the  wheel 
By  Bnm  AM..  («.  I  »4j  brt,w(^ggf^  8  !» 
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as.  E^zcept  in  yanto  and  for  slow  traffic,  the  poinP-railt  are  rein- 
forced, at  least  thruout  the  planed  portion,  nsiially  by  a  pair  of 
strap  pieces,  from  ^  to  %  inch  thick,  and  wide  enongh  to  fill  the 
space  betw  head  and  flange,  riveted  or  bolted  one  on  each  side  of 
tne  rail  web.  An  angle-bar  or  a  channel-bar  Is  sometimes  substi- 
tuted for  one  of  the  strap  pieces. 

8S.  In  the  "channel"  aioitch,  a  piece  of  light  T-rail,  of  proper 
length,  is  bolted  alongside  of  the  pohit-rail.  from  which  it  is  held 
about  6"  dist  by  two  or  three  separators,  placed  at  intervals.  The 
reBultins  rigidity  tends  to  prevent  wrongly  locking  the  switch  when 
an  accidental  obstruction  separates  the  two  rails  which  should  b» 
brousht  together.     See  f  48,  under  Signals,  p  989. 

84.  Pigs  19.  Btop-^lockB,  b.  or  stop-lugs,  are  short  metal  blocks, 
bolted  to  the  web  of  either  the  point-rafl  (Pig  19o)  or  the  stock- 
rail  (Fig  19b)  at  suitable  intervals,  at  points  where  the  two  rails 
tbenuelvs  never  come  into  contact.  Their  thickness  is  such  as  to 
afford  a  bearing  betw  either  point-rail  and  the  adjacent  stock-rail. 
when  these  are  at  their  nearest.  They  thus  brace  the  point-rail 
against  the  stock-rail,  enabling  it  better  to  resist  the  lateral  pres- 
aare  of  passing  wheels,  which  (owing  to  centrifugal  force)  is  espe- 
cially heavy  on  curvs.  Usually,  one,  two  or  three  such  blocks  are 
placed  on  each  side  of  each  switch. 

85.  Steel  Slide  Platea,  5  to  6  ins  wide,  and  spiked  to  the  ties, 
extend  under  both  the  switch-rail  and  the  stock-rail,  betw  toe  of 
switch  and  the  point  where  the  flanees  of  the  switch-rail  and  the 
stock-rail  separate.  There  are  usually  6  to  8  such  plates  on  each 
side  of  the  switch.  They  serv  the  double  purpose  of  guiding  the 
switch-rail  to  its  seat  on  the  base  of  the  stock-rail,  and  (by  means 
of  a  raisd  seat  on  which  the  switch-rail  rests  and  slides)  of  ele- 
vating the  switch-rail  above  the  stock-rail,  as  mentioned  in  t[  80. 
Tbey  are  generally  made  to  receiv  rail-hracee  to  reinforce  the  stock- 
rail  <M!i  the  outside. 

84.  Gage  Plate.  In  place  of  the  two  slide-plates  next  to  th<' 
toe,  a  single  long  plate,  extending  entirely  across  the  track,  and 
called  a  gage-plate,  is  sometimes  used.  It  acts  not  only  as  a  slide- 
plate,  but  also  to  held  the  stock-rails  to  gage,  by  means  of  lugs 
attached  to  it. 

87.  'ne  Rods,  Svrltek  Rods,  Tie  Bars,  Bridle  Rods.  Figs  19. 
The  two  point-rails  are  connected,  as  indicated,  by  means  of  tie 
rods  (switch  rods,  tie  bars,  bridle  rods),  r,  r*,  fastend  preferably 
to  the  webs  of  the  point-rails,  usually  by  hinged  connections,  to 
facilitate  the  change  of  angle  involvd  in  the  throwing  of  the 
Bwitch. 

88.  The  tie  rods  are  sometimes  made  adjustable  in  length,  in  or- 
der to  correct  for  wear  and  for  accidental  shifting  of  one  or  of 
both  switch-rails. 

8B.  Number  used.  On  main  lines,  the  tie  rods  are  usually  from 
2  to  5  in  number.  Their  presence  interferes  with  tamping;  but 
when  few  rods  are  used,  additional  reinforcement  of  the  switch- 
rails  becomes  necessary. 

90.  Location.  The  tie  rods  are  placed  below  the  levels  of  the  tie 
tops,  to  avoid  their  being  hit  by  wheels  of  cars,  or  dragd  by  parts 
of  the  rolling  stock  which  may  accidentally  become  partially  de- 
tacht. 

•1.  Oroaesection.  In  point  switches,  the  tie  rods  are  usually 
flat,  and  are  placed  either  vertically  edgewise  (in  which  position 
th^  resist  canting  of  the  point  rails),  or  horizontally. 

•2.  Figs  19.  The  tie  rod,  r'.  nearest  to  the  toe  is  called  the 
head  rod,  or  No  1  rod.  At  each  end,  it  extends  under  the  stock- 
rafl,  in  order  to  prevent  the  toe  end  of  the  switch  from  rising  out 
of  place.  At  one  of  its  ends  it  Is  Jointed  to  the  connecting  rod 
(oaaally  1  to  1%  ins  round  or  square)  leading  to  the  switch  stand. 

Digitized  by\jOOglC 
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93.  Specilleatloiui  Required.  In  ordering  point  switches, 
specify  gage  of  track;  8 witch- rail  length;  switch  throw,  measd  at 
head  rod ;  rail  section ;  drilling  for  rail  Joints ;  switch  angle ;  and 
heel  spread. 


FliT*  21.  (Repeated.) 


si/ 

r 

Flff.  22.   (Repeated.) 

IM.  Switch  Mpeellleatloii,  Am  Ry  Bnsnir  Auii*  Manual,  1915, 

pp  178-9. 

Sxcitch  throtc,  5  ins  at  center  line  of  No  1  rod,  r'.  Pigs  19. 

Heel  spread,  at  D  and  at  D%  Figs  10,  6.25  Ins  betw  gage  lines  cf 
stock-rail  and  switch-raU. 


Frog  number.  If 


Limitations 


>  6 

>  6 

>  10 
>14 


Switch  length 

N     I  =  pD 

Recommended       Figs  19 


>  10 

>  14 


8 
11 
16 


lift  Oins 
16  ft  6  ins 
22ft  Oins 
33ft  Oins 


Fig  22 

5  ft 

7ft 

Oft 

12  ft 


va 
Fig  21 

5.50  inf 

8.25  Ids 

11.00  ins 

16.50  his 


Reinforcing  bars,  %"  thick;  height  to  fill  space  betw  head  and 
flange ;  length  as  great  as  heel  connections  penpit. 

Ttco  non-adjustable  switch-rods,  %"  X  2%*^;  placed  horlsontallj; 
20"  apart,  cen  to  cen.     Cen  of  head-rod  12"  back  from  switch-toe. 

On  each  tie.  ttco  slide-plates,  %"  X  7",  planed  down  to  receiT 
stock-rail  and  braces. 

95.  A  tkree-tkrow  switch,  Fig  3,  consists  rirtnally  of  two 
separate  point  switches;  and,  in  fact,  these  are  sometimM  so 
arranged,  the  points  of  the  two  pairs  of  switch-rails  being  placed 
about  a   switch-rail   length  apart,  or  in   "tandem." 

Stab  Switches. 


FIs.  24. 

9^  Fig  24.  The  stub  switch  (still  used  in  subordinate  locations, 
as  in  turnouts  from  bianch  lines)  Is  simple  in  constructioa,  and 
cheap  In  first  cost,  but  ezpensiy  in  operation  and  maintenance.  To 
avoid  possibility  of  binding  in  hot  weather,  a  considerable  space 
must  be  left  betw  the  tdes,  1 1,  and  the  ends  of  the  adjacent  track 
rails,  and  this  subjects  the  rail-ends  to  serious  blows  from  passing 
wheels.  Such  blows  are  injurious  both  to  the  rail-ends  and  to  roll- 
ing-stock. .  Digitized  by  L^OOgle 
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97.  Daaser.  A  lateral  shifting,  of  either  the  toe  or  the  adjacent 
rail-end,  relatlvly  to  the  other,  causes  a  shoulder,  called  "Up", 
which  may  become  very  dangerous.  But  the  moat  serious  objec- 
tion to  the  unprotected  stub  switch  Is  the  inevitable  derailment  of 
trailing  cars  when  the  switch  is  wrongly  set. 

96.  I^cn^h.  Stub-switch  rails  are  usually  full-length  track 
rails,  30  or  33  ft  long.  Of  this  length,  4  or  5  ft,  next  to  the  heels, 
are  spiked  to  the  ties,  leaving  the  remainder  free  to  spring  to  a 
curv  when  thrown  for  the  turnout 

99.  The  tkroMT,  or  dlst  thru  which  the  toes  move,  must  be  at 
least  equal  to  the  rail-head  width  (usually  2  to  2.5  ins)  plus  a 
width  (1.75  to  2.5  ins)  sufficient  to  pass  the  wheel  flanges.  Usu- 
ally the  throw  is  made  from  5  to  5.5  ins. 

Switch  Stands. 

109.  The  lever,  by  means  of  which  (thru  the  connecting  rod)  the 
switch  is  thrown,  is  boused  in  a  "stand."  The  arrangements  vary 
greatly.  The  lever  may  rotate  in  a  vert  or  in  a  hor  plane.  If  in 
a  vert  plane,  this  plane  mav  be  either  perp  to,  or  parallel  with, 
the  track ;  the  movement  of  the  lever,  in  the  latter  case,  being 
transmitted  to  the  connecting  rod  by  means  of  gearing  or  a  bell 
crank. 


Flff.  25. 


FLAN 


FlsT.  26. 


101.  Ground  or  TambllnK  Lever.  Figs  25  and  26  show  the 
"ground  lever**  or  '^tumbling  lever"  stand.  In  Pig  25,  the  lever 
moves  thru  an  arc  of  a  little  more  than  180",  in  a  vert  plane, 
either  perp  to,  or  parallel  with,  the  track ;  so  that,  when  the  lever 
is  at  rest,  its  Joint,  a,  with  the  connecting  rod,  is  a  little  below 
the  fulcrum,  /,  about  which  the  lever  itself  revolvs,  or  below  dead 
center;  so  that  the  switch  cannot  be  throvrn  by  the  lateral  pres- 
sure of  wheels  pushing  thru  it  In  Pig  26,  the  free  end  of  the  lever 
is  weighted,  and  the  Joint,  a,  when  the  lever  is  at  rest,  is  above 
dead  center.  This  permits  the  automatic  throwing  of  a  misplaced 
switch  by  trailing  wheels.    See  K  57.  Digitized  by  L^OOglC 
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Flff.  27. 


102.  ReTolTlms  Stuid.  Flf  27  ahows 
one  of  many  forms  of  reyolving  stand. 
The  lever  Is  usually  hinged,  so  as 
to  bang  Tertlcally,  and  out  of  the  way 
(as  shown),  when  not  actually  In  use 
for  throwing  the  switch.  The  notches, 
lit  a,  h  and  d,  hold  it  In  Its  tiiree  posi- 
tions, respectivly.  The  crank,  o,  is  usn- 
nliy  formd,  as  shown,  by  bendlns  the 
^haft.  s;  and  the  pin,  p,  to  which  the 
connecting  rod  is  attacht,  is  formd  by 
bending  <up  or  down)  the  end  of  the 
crank. 

103.  Fig  28a.  If,  in  a  revolving  stand, 
the  crank-pin  is  moved  90"  from  a  to  h. 
or  vice  versa,  the  lateral  mov«meot 
(  =  a'b'  =  ya')  of  the  switch-rail,  is 
greater  than  that  (  =  b'  c*)  which 
occurs  when  the  crank-pin  is  moved  90* 
from  b  to  c,  or  vice  versa.  This  may  be 
rectified  by  setting  the  stand  slightly 
£iskew.  as  Indicated  by  the  dotted  Imes: 
for    this    shifts    b'    materially    toward 

o',  while  a'  and  c*  are  but  very 
slighUy  shifted.  Or.  Fig  286,  th<? 
stand  may  be  so  set  that  tne  line  o  d^ 
normal  to  the  switch-rod,  bisects 
the  90*  throw  of  the  crank,  but  this 
arrangement  does  not  brin^  the 
crank  to  dead  center  in  either 
position.  For  a  given  switch-rail 
throw,  and  given  crank-throw  angle. 
Fig  28a  requires  a  longer  crank  than 
does  Fig  28&. 


»^ 
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104.  liocks.  To  prevent  tampering  with  the  switch,  the  lever 
is  usually  provided  with  a  padlock  and  staples ;  but  stands  with 
self-containd  and  more  elaborate  locks  have  been  used.  Bee  also 
end  of  H  58,  Signals,  pp  990  and  991. 

105.  A   target,   at   the   top   of   a   vertical  shaft  and   operated 

simultaneously  with  the  switch,  indicates  how  the  switch  is  set. 
The  target  may  be  a  single  disc,  showing  the  switch-setting  by  it* 
position  (edgwise  or  flatwise  to  an  aporoaching  train)  ;  or  it  may 
have  two  discs,  set  at  right  angles,  ana  differing  in  shape.  In  color 
or  in  both.     See  also  Signals,  f  14,  p  984. 

106.  Low,  Ponyy  Intermediate  or  Hlgrk  Stands  are  thoae  in 
which  the  top  of  the  target  is  >  2  ft,  2  to  4  ft,  6  to  8  ft.  or  about 
18  ft,  above  ground,  respectivly.  Intermediate  stands  are  in  geaenl 
use;  low  and  pony  stands  are  used  betw  neighboring  tracks,  and 
high  stands  where  the  target  of  a  lower  stand  womd  be  hidden 
by  intervening  objects. 

107.  Lamps.  For  switches  which  are  to  be  used  at  nlgbt,  the 
stand  carries  also  a  lamp,  showing  colors  corxesix>nding  to  those 
used  on  the  target.  See  Signals,  i>984.  Kerosene  lamps  are  in 
general  use;  but.  In  large  yards,  incandescent  electric  lights  are 
often  used. 


Digitized  by\jOOgl€ 
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106.  Automatic  switches  are  those  In  which  the  connections 
with  the  stand  are  such  as  to  permit  the  passage  of  a  trailing  car 
when  the  switch  is  wrongly  set  for  it 

160.  Figs  19a,  19b.  The  flange  of  a  trailing  wheel,  n,  on  the 
stock-rail,  crowding  into  the  narrowing  space  betw  it  and  the  ad- 
jacent switch-rail,  will  (if  not  prevented)  throw  the  latter  over, 
away  from  the  stock-rail,  thus  providing,  for  wheel  n,  a  flangeway 
betw  those  two  rails ;  tiie  other  switch-rail  being  simultaneously 
thrown  over  against  the  opposit  stock-rail,  or  into  proper  position 
for  the  mate  wheel,  n'. 

110.  A  *'a«t-over»»  automatic  switch  is  one  in  which  the  point- 
rails,  when  automatically  thrown,  as  in  f  100,  carry  over  the  switch 
lever,  and  remain  in  the  new  position. 

111.  In  the  **BT-hmek**  automatic  switch,  the  switch  lever  is 
not  thrown  when  a  trailing  car  passes  a  mis-set  switch.  The 
switch-rails  are  only  temporarily  pusht  aside,  and,  after  the  pas- 
sage of  each  pair  of  wheels,  are  retumd  to  their  former  positions 
by  means  of  a  spring  in  the  head-rod  connection,  In  the  connecting 
rod,  or  in  the  stand.  The  stand  throw  Is  made  a  little  greater 
than  the  switch  throw,  in  order  to  take  up  lost  motion. 


FIff .  28. 

112.  Objeetloiuu  Both  forms  are  open  to  the  objection  that  the 
throwing  of  the  switch  takes  place  while  part  of  the  moving  load 
is  bearing  upon  one  of  the  relatlvly  slender  switch-rails,  which 
must  therefore  slide  while  loaded. 

113.  l.or«MS  sprlngr.  Pig  29  shows,  in  principle,  the  Lorenz 
spring,  much  used  in  "fly-back"  automatic  switches.  The  spring, 
S,  is  sometimes  placed  outside  of  the  track. 

114.  The  repeated  blows  of  the  switch-rails  against  the  stock- 
rails  in  automatic  switches  are  injurious,  especially  to  the  slender 
switch-rails;  and  i>ermanent  compression  of  the  spring,  resulting 
from  long  service,  may  leave  a  switch-rail  (after  the  lever  is 
thrown)  Improperly  out  of  contact  with  its  stock-rail,  endangering 
facing  wheels, 

lis.  The  spring  also  may  permit  the  lever  to  be  forced  home, 
even  when  ice,  a  small  stone,  or  other  obstruction,  lodged  betw  a 
switch-rail  and  a  stock-rail,  prevents  complete  setting  of  the  switch. 

tie.  Autoaiatlc  A  Non-Antomatlc.  Frequently  the  rod,  pass- 
ing thru  the  coil  spring,  la  provided  with  two  adjustable  sleevs,  by 
means  of  which  the  switch  may  be  arranged,  at  pleasure,  in  either 
one  of  several  ways.  According  to  this  arrangement  (a,  b,  c,  etc}, 
a  trailing  car,  coming  to  a  misplaced  switch  may  pass  it  freely  If 
coming  either 

(a)   from  the  main  line; 

ib)   from  the  turnout; 

(e)   from  either  the  main  line  or  the  turnout; 
or  tne  sleevs  may  be  so  adjusted  as  to  prevent  the  spring  from 
acting;   the  switch   thus  being:   renderd   non-automatic,   so  that  a 
trailing  car,  whether  coming  from  the  main  line  or  from  the  turn- 
out, cannot  freely  pass  the  switch  if  the  latter  Is  misplaced. 
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117.  The  use  of  automatic  and  of  non^utomatie  ('Vlgld**) 
switch  stands,  compared  as  follows : — 

In  1000,  24  roads  used  automatic,  and  23  roads  used  rigid  stands: 
In  1908,  23  roads  used  automatic,  and  29  roads  used  rigid  standa. 
Eng  News,  1908  June  4. 

118.  Speclflcatlona  Required.  In  ordering  switch-standa.  vp^ 
clfy  switch  throw  at  point  of  connection,  size  of  head  rod  and 
whether  vert  or  hor,  dlnm  of  hole  in  head  rod,  length  and  diam  of 
connecting  rod,  style  of  target  and  its  height  above  the  ties,  and 
dimension  of  lantern  tip  on  shaft 


(6)  SetfortumotU^ 
Flffa.  80. 


'Wharton  Switek. 

119.  Figs  30a  and  h.  We  omit  the  rail  flanges,  showing  only  the 
rail  heads.  Moving  rails  are  shown  white.  Wheels,  for  which  the 
switch  is  properly  set,  are  markt  "0.  K."  Fig  80a  shows  the 
switch  set  for  the  main  line ;  i?1g  30b  shows  it  set  for  the  turnout 

120.  A  Y  and  B  Z  are  the  main-track  rails.  They  are  continuous 
(except,  of  course,  that  B  Z  is  broken  at  the  frog,  beyond  the  Fig), 
and  are  spiked  to  the  ties  thruout.  They  are  not  moved  or  broken 
in  the  working  of  the  switch,    p  D  and  ir  D*  are  the  switch-rails. 

121.  The  Switch-rail,  p' D'  (the  •'elevated  rairj.  is  blunt- 
ended.  At  its  toe,  p'  its  top  is  level  with  that  of  B  Z:  but  at  u, 
4  or  5  ft  back  from  the  toe,  its  top  is  about  2"  higher  than  that  of 
B  Z.  This  enables  the  flange  of  wheel  m,  in  passing  to  or  from 
the  turnout.  Fig  30&^  to  clear  the  main  rail,  B  Z.  p'  D'  retains 
this  elevation  from  u  to  its  heel,  />'.  Beyond  D',  the  turnout  rail, 
continuous  with  p'  D',  slopes  downward  until  its  top  Is  at  the 
normal  level.  The  <*polnt-roil,"  p  D.  is  elevated  also,  to  prevent 
the  lateral  rocking  of  rolling  stock  which  would  otherwise  result 
from  the  elevation  of  p'  D\ 

122.  The  reinforcing  or  **9oinV  ffard-rall,  g",  is  bolted  to,  and 
separated  from,  the  point-rail,  p  D,  and  moves  with  it  Flange- 
way  Is  left  betw  their  heads.  In  Fig  306,  by  confining  the  flange 
^'.,^S^;S*  Z^''  «;'  holds  the  flange  of  wheel  m  clear  of  the  head  of 
rail  B  Z,  in  coming  down  the  incline,  u  p'. 
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133.  In  Fie  805  the  point,  p,  fits  close  against  the  head  of  the 
main  rail,  AY;  so  that  the  flange  of  wheel  m',  moving  in  either 
direction,  clears  the  point,  p;  and  the  flxt  gard-rail.  g,  conflning 
the  flange  of  m,  holds  m'  away  from  A  Y,  thas  affording  additional 
protection  to  the  point,  p. 

124.  Barly  pattema  were  prOTlded  with  special  attachments, 
designed  to  recelT,  from  the  turnout,  a  trailing  car  when  the  switch 
was  set  for  the  main  line,  and  to  guide  it  safely  on  to  the  main 
track ;  hut  this  device  has  been  abandoned,  on  the  ground  that  its 
cost  and  complication  are  not  warranted  by  the  probabililSy,  under 
proper  management,  of  such  misplacement 

12B.  TratltniT*  Fig  30b.  If  a  trailing  car  mores  along  the  main 
track  while  the  switch  is  set  for  the  turnout,  the  flange  of  its 
first  wheel,  n,  pushes  aside  g"  (compare  Pig  80a)  which,  pulling 
the  rod,  r.  throws  the  switch  into  the  proper  position  for  the  main 
track,  as  in  Fig  30a. 

120.  Gave.  For  proper  working  of  the  Wharton  switch,  the 
main-track  gage,  at  the  switch,  is  made  half-inch  wider  than  the 
standard  gage. 

Compatatloiuu 

127.  Many  of  the  approximations,  permissible  in  computing 
turnouts  of  small  angle,  such  as  are  usual  on  steam  lines,  are  In- 
admissible in  street  railway  turnouts  and  crossings,  where  the  lay- 
outs are  frequently  very  complex.  Hence,  the  design  of  such  work 
i>  preferably  entrusted  to  mfrs  who  specialize  In  it 

Tleik 

128.  Tumovt  Tlea,  for  standard  gage,  rary,  in  length,  betw  that 
of  an  ordinary  tie  (say  8.5  ft)  and  24  ft.  One  or  two  ties,  12  to  16 
ft  long  according  to  the  style  of  switch  stand,  are  used  at  the  toes 
of  split  and  of  stub  switches  as  a  seat  for  the  stand,  and  are  called 
Head-Bloeka.  The  set  of  ties  should  extend,  beyond  the  frog,  to 
a  point  where  tbe  ends  of  the  ties  of  the  two  tracks  do  not  inter- 
fere. Ties  7X9  ins  are  commonly  ased,  except  under  the  frog, 
where  7  X  10  ins  ties  are  used,  to  give  greater  bearing  area,  and 
strength  to  resist  the  shocks  of  wheels  passing  over  the  frog.  They 
are  generally  orderd  in  lengths  varying  by  6  ins.  For  ties  in  gen- 
eral, see  under  Track,  p  784,  etc. 

Swlteh  lies. 

129.  Digest  of  Am  Ry  Viwkgng  Aaan  flpectllcatloiM.  Manual 
1915,  following  p  176. 

All  7"  X  9", 
Lengths  for  8'  6*  track-ties.     For  8'  0"  track-ties,  the  switch-tie 
lengths  are  in  general  6  ins  lees  than  here  given. 


Length,  ins 


180*  108  114  120  126  182  138  144  150  156 


Frog  No  8, 
Frog  No  11, 
-rogNoie, 


Number  of  switch-ties,  beginning  at  switch-point 
2875438833 
2  12  10  8665834 
2       20       14       10         9         6         6         6         5         6 


Length.  Ins 


(Table  concluded) 
162  168  174  180  186  192  198 Total 


Frog  No  8, 
Frog  No  11, 
Frog  No  16, 


Number  of  Bwitch-tiea 

2       8       2       8       2       8       2     58  ties,  8651  ft  BM 

48828       8       3     78"  4814  ft 

5      5      4       6       5       4       5  115   "  7111ft     ** 


•Bach  tnmont  baa  two  head-Wocka,  7"  X  ^^J^f^, 


e 
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13<K  Tie  SpaelBs*  for  turnonts.     Begfaming  at  switeh-potat. 

Center  to  center.     For  use  with  8'  6"  track-ties. 
Ties  7"  X  9".     


r  Number  of  ties. 
Frog  No    8  -<  Space,  Ins 
L  Total,  Ins 


54    18      37965 

20    21    20    19    20    18    19    20 

100    84  360    67140162114100 


Total 
57 


93*1' 


r  Number  of  ties. 
Prog  No  11  -{  Space,  Ins 
L  Total,  Ins 


10    21      9    13      6    10      4      5 

19    20    19    20    18    20    21    20 

190  420171260    90  200    84100 


77 
126^  3- 


r  Number  of  tien, 
Frog  No  le-l  Space,  Ins 
I  Total,  ins 


18  19   4  16   4  20  15  18 

19  20  19  20  19  20  19  20 
842  380  76  320  76  400285  360 


114 
186' 7- 


Timber  Bill*. 

The  following  are  typical  timber  bills  for  double   (three  way) 
turnouts  and  for  crossoTers. 

131.  For    Double    Tunioiits.      Two    headblocks    7"  X  10*.    16* 
long.     Ties  under  frogs  spaced  23".     Other  ties  spaced  24*. 


Length,  ina. 


108  114  120  126  132  138  144  150  156  162 


Frog  No  6, 
Frog  No  8, 
Frog  No  10. 


Number  of  ties,  beginning  at  switch  point. 

54322111  2*        !• 

54428212  !♦!• 

54433222  2*        1* 


Length,  ins. 


(Table  continued) 
168     174     180     186     192     198     204     216     222     228 


Frog  No  6, 
Frog  No  8, 
Frog  No  10, 


Number  of  ties,  beginning  at  switch  point. 

1*       0         1         1         1         1         1»       1*  !•  1* 

2*       1         1         1         2         1         1*       2»  0  2« 

1*       2         2         2         2         0         2»       2*  O  2» 


Length,  ins. 


(Table  concluded) 
240     252     264     270     276     288     Total     FtBM 


Frog  No  6, 
Frog  No  8, 
Frog  No  10, 


Number  of  ties,  beginning  at  switch  point. 
12         10         2         1  88         3069 

2*       2         2         0         1         2  47  3828 

3         2         2         2         2         3  57         4754 


132.  For  Crossovers.    (13  ft  cens).  Four  headblocks  7*  X  10*, 
16'  long.    Ties  under  frogs  spaced  23*.     Other  ties  spaced  24*. 


Length,  Ins. 

102     108     114     120     126     132     138 

Frog  No    6, 
Frog  No   8, 
Frog  No  10, 

Number  of  ties,  beginning  at  switch  point. 

8         8         6         6         6         4         4 

10         8         8         6         6         6         6 

10       10       10         8         8         8         8 

Length,  ins. 

(Table  concluded) 
144     150     156     258     258     Total     FtBM 

Frog  No   6, 
Frog  No    8, 
Frog  No  10, 

Number  of  ties,  beginning  at  switch  point. 
4         2        4*       4*       6          62          4392 
6         6        4*       4*       9          79          6544 
6         6        6*       6»     11          97          6817 

•Frog  ties,  7"  X  10*.    Other  ties,  7"  X  B" 
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trmlna,  **a  good  foreman  and  six  fair  trackmen  can  put 

a  Btnb-  OP  a  BpUt-ewitch  turnout  In  one  day  of  ten  nra.  Including 


.    When  not  greatly  Interrupted  by  passing 
foreman  and  six  fair  trackmen  can  put  in  «ither 


the  removal  df  old  track  ties  and  putting  in  switch  ties." 
Notes  on  Track,  p  296. 


Camp, 


1S4.  To  proToat  ere^vtns  of  the  point-rails,  dependence  te  usu- 
ally placed  upon  slot-spiking  the  four  rail-Joints  at  the  ends  of  the 
frog,  those  at  the  two  potait-rail  heels,  and  the  intermediate  Joints 
on  the  lead- rails.  Anchoring  the  switchpoint  rails,  at  their  heels, 
to  the  neighborin«r  stock-rails*  has  given  trouble  b^  crowding  the 
Joints  out  of  line. 


Ktammrmi  •!  lee  aa 

ISB.  SteuM  Heattas.  Where  numerous  switches  are  In  prox- 
imity, they  may  be  economically  kept  clear  of  ice  and  snow  by 
steam  pipes,  fed  from  some  central  source,  and  laid  betw  several 
pairs  of  switch  ties,  near  the  point,  the  ballast  being  first  removed. 
The  pipes  are  provided  with  automatic  traps,  which  allow  the  con- 
denst  steam  to  escape,  and  thas  prevent  its  freezing  in  the  pipes. 
See  By  Age  Gas,  1910  May  13,  p  1199. 

IM.  BanJa«  FI«M.  Turnouts  have  been  cheaply  and  expedi- 
tiously deard  (and  kept  clear)  of  ice  and  snow,  bv  means  of  a 
fluid  hydrocarbon  (a  by-product  of  the  Pintscb  gas  plant),  applied, 
where  needed,  by  means  of  a  safety  distributing  can,  and  ignited. 
The  fluid  burns,  in  spite  of  wind  and  snoWi^  melting,  and  finally 
evaporating,  the  snow.  The  flame  temperature  is  not  sufficient  to 
Injure  the  rails.  The  fluid  costs  from  3  to  5  cts  per  gallon.  Where 
several  neighboring  switches  are  to  be  servd,  the  liquid  is  stored 
In  tanks,  and  distributed,  by  gravity  or  by  compreet  air,  thru 
piping. 

See  Bngineering-Contracting,  1908,  Sep  2,  p  161. 

197.  To  proteet  switch  rods  from  becoming  bent  or  broken  in 
cases  of  derailment,  a  sawd  tie  may  be  placed  each  side  of  each 
rod.  leaving  2.5'*  clear  space,  betw  ties,  for  the  rod.  In  cold 
weather,  bent  rods  should  be  heated  before  it  Is  attempted  to 
straighten  them.  Ballast  should  be  kept  clear  of  the  rods,  and 
well  draind  in  their  vicinity,  especially  in  cold  weather. 


Vim.  91. 

CR08SI1VO8 

US.  Fig  81.  A  crossing  consists  essentially  of  four  frogs,  e,  e» 
e  and  c,  and  the  necessary  gard-rails. 

119u  The  crosslac  aaslo*  or  end-ftro^  aaffle»  is  the  angle,  F, 
betw  center  lines  of  the  two  straight  crossing  tracks. 

140.  Whera  9  =  ••*»  the  four  frogs  are  all  alike.  In  Fig  81 
the  two  sharp  "end"  frogs,  e,  are  alike,  and  similar  to  turnout 
frogs.  The  two  blunt  "middle**  frogs,  o,  are  alike  also.  The  pres- 
ence of  the  gard  rails,  at  the  middle  frogs,  gives  the  appearance  of 
a  second  pofet,  oppo^te  the^  point,  c,  proper -and  the  middle  frojs 
ire  ther&ore  often  called  "double-pointed",  altho  the  inside 
'>inU",  formed  by  the  angles  In  the  gard-ralls,  carry  no  wheels. 
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141.  IVkere  •ne  or  both  traelu  are  enrrd*  the  frofB  all  hsTf 
different  angles;  and  are  curvd  thraoat.  Crossings  of  eunrtf  trsfcks 
are  best  avoided.  Problems  concerning  them  are  conTenlently 
solvd  by  means  of  large-scale  plottings. 

142.  Dooble-rall  CrosMlii«.  Fig  31.  If  the  middle  gard-xmlk 
are  extended,  both  ways,  until  they  meet  opposit  the  end  frogSi 
and  are  properly  filled,  bolted  and  connected,  the  strength  aiM 
durability  of  the  crossing  are  greatly  increast,  and  it  is  called  a 
"double-rail"  crossing.  In  this  case,  the  end  frogs,  e,  (as  well  af 
the  middle  frogs,  o),  are  "double-pointed"  (K  140). 

14S.  An  easer  rail  (V  62),  to  carry  "false-flanges**.  Is  sometimes 
bolted  outside  the  running  rail. 

144.  "Wiien  F  exceeds  say  85*»  the  webs  of  hoth  of  the  main, 
gard  and  easer-rails  of  one  of  the  two  tracks,  sometimes  mn  thro 
the  crossing  uncut;  the  flangeways,  for  wheels  on  the  other  track, 
being  cut  thru  the  heads  only  of  these  rails. 

145.  TnieB  F  Is  betw  15*  and  40*»  the  four  fron  usually  meet 
directly ;  but  In  small-angle  crossings,  to  avoid  handling  longfroA 
pieces  of  rail  are  laid  betw  the  ends  of  the  frog  rails,  as  in  Fig  SL 
For  convenience  in  shipping  and  handling,  crossings  are  made  with 
as  few  field  Joints  as  possible^ 

14«.  ^Wben  F  Is  less  than  aay  10*»  Fig  81,  the  middle  frog 
points  are  nearly  opp  each  other  on  either  one  of  the  two  track% 
and  cannot  be  properly  garded.  Thus,  wheels  m  and  m'  might 
leav  their  proper  track,  AB,  at  the  middle  frogs,  and  take  track 
CD;  or  wheels  n  and  n'  might  leav  track  D  C,  and  take  track  BA, 


Flff.  8S. 

In  such  cases  (Fig  32)  the  middle  gard>rails  are  dispenst  with,  and 
a  <<inovable  point  center  trog^p  consisting  of  two  pairs  of  short 
point  switch-rails,  facing  each  other.  Is  used.  These  switches  are, 
as  required,  seated  against  one  of  the  two  bent  stock-rails,  ss 
shown.  Tbey  may  be  operated  by  an  automatic  switch-stand,  so 
that,  if  a  train  approacnes  a  wrongly  set  crossing,  the  forward 
wheels  force  open  the  trailing  switch-rails,  and  automatically  throw 
the  facing  switch-rails  into  proper  position. 


FUr, 


147.  SItp-SwIteh  or  Combination  Croastns.     Fig  38.     At  t 

small-angle  crossing,  traffic  may  be  intentionally  diverted  from  OM 
track  to  another  by  means  of  a  slip-switch  or  "combination  cross- 
ing", conalstlog  of  an  arrangement  of  switch  and  connecting  raili 
in  addition  to  a  regular  crossing,  all  placed  betw  the  two  end 
frogs,  e.  Fig  88  shows  a  double  slip-switch.  In  a  single  slip- 
switch,  the  switches  and  connecting  rsJls  are  provided  on  one  fidf 
only. 

148.  The  slip-switch  is  especially  useful  for  connecting  a  leader 
(see  If  12b)  with  the  parallel  tracks  which  it  crosses.  Such  a  com- 
bination saves  much  room,  lengthwise,  and  givs  a  straight  line,  u 
eompared  with  a  series  of  separate  crossovers. 

Digitized  by  LaOOg  IC 


CBOS8INGS.  847 

14t.  MovQble-poini  center-frogs  may  be  used,  as  In  Fig  38,  In 
Blilhswitclies ;  but  ordinary  rigid  middle  frogt  are  used  instead, 
both  with  single  and  with  double  slip-switches,  except  where  the 
angle  ia  so  small  that  the  wings  of  the  frogs  interfere  with  the 
curvd  rails  connecting  the  switch-rails. 

MMK  StDiteh  levers.  These  crossings  mar  be  operated  by  an 
ordinary  switch-stand  for  each  pair  of  switch-rails  and  one  for 
the  movaMe-polnt  center^frogs,  if  such  are  used ;  or  all  the  switches 
may  be  connected  by  a  system  of  rods  and  cranks,  and  operated 
from  a  single  stand,  whUe  the  movable  point-frogs  are  operated 
from  another  stand.  Or  the  switch-points  and  movable  frog-points 
may  be  so  arranged  that  they  operate  together. 

ISl.  CoatlBiioiui  Rail  Cromriasa.  In  crosstnga  of  Tery  lam 
angle,  the  wheels,  in  crossing  the  flangeways,  drop  into  them,  de- 
livering severe  blows  to  rolling  stock  and  to  track;  and  devices 
have  been  constructed  which  afford  continuous  rails  at  such  cross- 
ings, by  means  of  a  short  section  of  rail/  or  its  equivalent,  which, 
thru  an  interlocking  system,  can  be  placed  temporarily  in  line 
with  the  rail  to  be  used. 

18S.  Tiea.  Crossing  ties,  extending  under  both  tracSts,  ars 
Qsually  laid  at  right  angles  to  the  long  diagonal  of  the  diamond 
formed  by  the  crossing  rails;  sometimes  at  right  angles  with  the 
Hne  carrying  the  heavier  trafSc ;  and  sometimes  ordinary-length 
ties  are  used,  at  right  angles  with  each'  track.     For  ties,  see  H  128. 

ISS.  SpeclllcatlaBa  Re^inlred.  In  ordering  crosdngB,  specify 
type  of  construction ;  crossing  angle,  F,  Fig  81 ;  track  gage ;  dis- 
tance, cen  to  cen,  betw  parallel  tracks,  if  there  is  more  than  one; 
rail  section ;  lengths  of  arms  of  frogs ;  and  bolt-hole  spacing  re- 
quired In  ends  of  arms  to  suit  rail  joints  in  uae. 
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TURNOUTS  AND  CROSSINGS 

PART  U.     THEORY 
Geoaictrj  of  TernoDtik 

BV>r  Constructloxi  o£  Turnouts,  see  Part  I,  p  822. 

1.  Acearacy.  Scrupulous  accuracy  Is  not  necessary  In  tiM 
measurements  of  turnouts.  A  deviation  of  several  per  cent,  1b 
length  of  lead  or  of  turnout  radius,  from  the  theoretical  vwXne, 
will  seldom  be  noticeable.  The  traind  eye  of  an  expert  trackman, 
or  a  large-scale  drawing,  may  secure  as  good  results  as  careful 
calculation.  Nevertheless,  the  engineer  should  be  Informd  as  to  the 
broader  features  of  the  geometry  of  turnouts.  We  therefore  give, 
below,  equations  (both  exact  and  approximate)  covering  the  simp- 
ler cases. 


FIs.  1. 


Fros  ansle  and  frov  nnmber. 

For  description  of  frog,  see  Part  I,  H  40,  etc. 

2.  Froff  Anvle.  Figs  1  and  2.  The  theoretical  frog  point,  P,  la 
the  Intersection  of  the  two  gage-lines  bounding  the  frog-tongue. 
The  frog  angle,  F,  is  the  angle,  at  the  theoretical  frog-point,  betw 
the  two  gage-lines. 

3.  How  aetermind.  Figs  1  and  2.  The  frog  angle,  F,  depends 
upon  the  Bharpness-difference  (H  29)  betw  the  turnout  curv  and  the 
main-line  curv  (if  any)  and  upon  the  track-gage. 

4.  Ho  to  eofpreat.  Fig  2.  The  frog  angle  Is  usually  exprest  by 
means  of  the  ratio,  k/i,  betw  the  length,  k  (not  shown),  of  any 
portion  of  the  frog,  and  the  increase,  i  (not  shown),  of  the  frog 
width  within  that  portion.  This  is  also  the  ratio  betw  any  given 
portion,  (m  or  8,  beginning  at  P,  see  below)  of  the  frog  length, 
and  the  corresponding  spread,  h.  This  ratio  Is  called  the  frog 
number.  If. 

5.  Froer  Number.    N  is  determind  in  two  dUf  ways,  vix : — 


N       = 


m 
h 


cot(F/2) 


2N       =       cot(F/2) 


^h3I 


2N 


9 


2  Bln(F/2) 
=       co8ec(F/2) 


^! 


Bod) 


6.  The  Aw  Ry  Bngng  Aa»n  makes  If  =  m/h  =r  Ucot(F/2), 
as  in  Fig  2o  (see  values  of  P,  In  table.  Manual,  1915,  pl84)  ;  but 
railroad  companies  and  mfrs  are  divided  as  to  their  practice  in  this 
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many  preftRTliiff  tbe  second  fonnnla,  79  =  9/h,  Fig  25, 
beeaose  tbe  frog  lengtn  Is  customarily  and  mora  satisfactorily 
meaad  along  a  gage-line,  »,  than  along  the  center  Une,  m.  More- 
oTer»  the  length,  so  measd,  Is  nsnally  fn  even  figures  of  ft  and  Ins : 
and  benee  the  spread  Is  easily  found  by  mentally  dividing  said 
length  by  the  frog  number. 
7.  G«asp«Hsaa  of  frair  aaglea,  Fm  and  F» 


y 

Fm 

cot(-P«/2)   z=  2N 
Fig  2a 

F. 

cogec(F./2)   =  2A' 
Fig  2b 

F.    -   Fm 

Fm 

F,    -   Fm 

T 

8 
11 
16 
24 

14*  16'  00" 
?•    9' 10" 
6*  12'  18" 
3*  34' 47" 
2*  23'  13" 

14-  21'  41" 
7"  10'  00" 
6*  12'  38" 
8*  34'  64" 
2«  28'  16" 

401 
60 
20 

7 
1^7 

128 

615 

937 

1841 

4606 

(a)  (y 

&  V*VBetflmui   of   the   fros   ansle,   F^   In   terms   of   the   frog 
number.  N, 

See  p  97b,  f  16,  and  p  97o,  f  19.  


Fig  2a 


Fig  2b 


^=31 


^[ 


m        1 

Taking  2?  =  —  =  -cot(F/2) 
*         2 


we  hare  tan(F/2)  = ,  and 

2^ 


9  1 

Taking]^  =  —  =  

h        2  8ln(F/2) 


we  have  sin»(F/2)  = ,  and 

4N* 


tanF       = 


sInF       = 


cosF       = 


N 

y* 

Jf 

V* 

N* 

+ 

V* 

y« 

- 

v* 

N*     +     V* 


BinF      = 


tanF      = 


cosF      = 


^4^^^" 

- 

1 

2y« 

'V4.V« 

— 

1 

2  2V« 
22^ 

~~ 

1 
1 

2>?* 


Eq(2) 
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t.  To  deterailii  tke  nvmber  of  an  actaal  froff.  Elf  8 ;  And  any 

part  of  the  frog,  where  the  diet,  h  or  t,  betw  gaQe  JinM  (f  2)  fa 
unity  (say  1  ft,  or  the  length  of  a  pencil  or  pocket-knife),  llien 
N  =   oiBt,  hP  or  tP,  from  that  part   to   the  theoretical    froc- 

f^olnt,  P  (see  f  2)  measured  in  the  aame  unit,  along  the  canter- 
Ine,  M»  or  along  a  gage-line,  B,  according  to  the  definition  of  N 
adopted  (see  f  6).  Or  (since  the  theoretical  frog-point,  P,  la  not 
easily  located)  measure  both  widths,  h  and  t  (betw  ya^^e-ttoes),  at 
any  two  convenient  points  in  opp  directions  from  the  frog-polnt« 
and  the  dist,  M  or  S,  betw  said  points.    Then, 


N       = 


*     +     t 


h     +     t 


Beef  5. 


Flff.  8. 

10.  Actual  Fros-Polnt.  Fig  1.  In  practice,  the  tongue  enda 
at  the  **actual  frog-point"  (or  "half-inch  point**),  where  the  tongue 
is  about  ^'^  wide;  leaving  a  small  isosceles  triangle  betw  the 
actual  and  theoretical  pointa     (See  V  2).     The  length  of  thia  tri- 


angle, or  the  dist  betw  the  theoretical  and  actual  frog-pointSi  la 
the  product  of  the  actual  frog-point  width  by  the  frog  numoer. 


If. 


Fls.  4. 

i^'.y^^^  an^le  la  amall.  As  an  angle.  A,  approaches  «ero,  as 
a  limit,  the  values  of  A  x  cot  A  (  =  A/tan  A)  and  of  A  X  esc  A 
k-T  ^kH^?  V^  J^^^^2^^^  »n*ty,  A  being  ezprest  in  radians  of 
67.296  779*.  (H  2.  p  97).  Hence,  ihe  same  Taluai,  ezprest  In  degrees. 
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approach,  as  a  limit,  57.295  779*  (log  =  1.758  1226)  ;  and,  in  small 

angles,  we  hare  approx: — 

fori  In  degreea,        A*       =       57.3VcotA       =       57.3  sin  Ay 

f    =      2  X  57.3/cot(i?/2)        =      2  X  57.3Bln(F/2)         =     57.3/^^. 

For  i.  In  minutes,        A'      =      84887cotA       =       3438  sin  A. .  (3) 

STUB  SWITCHB9 
Circular  tnraont  emrr  from  taaipcBt 
GeacraL 

12.  Fig  4.  Let  the  lead  cury,  A  P,  of  the  gage  side  of  the  outer 
ttimont  rail  be  a  simple  circular  curr,  from  the  oeglnnlng,  A,  of  the 
tumoat,  to  the  theoretical  frog  point,  P;  said  cury  being  tangential 
to  A  y  and  to  P  y,  at  A  and  P,  respectlvly.  This  condition  is 
seldom  perfectly  realized  in  practice ;  but  it  is  approximately  real- 
ized, even  In  point-switches,  H  35,  and  it  glvs  equations  which,  on 
account  of  their  simplicity,  are  sometimes  used,  not  only  for  stub- 
iwltcta  turnouts,  but  also  (as  being  sufficiently  approx)  for  polnt- 
ivltch  turnouts.  They  are  therefore  given  below,  altho  the  stub- 
twitch  is  now  used  only  in  subordinate  locations. 

13.  BquatloBs.    Fig  4.     Stub-switch  turnout  from  tangent    Let 

0  =     AB    =     track  gage ; 

r     =     Oa  =   OA   -   0/2 

=     OB    +    0/2    =  tumoat  center-line  radius ; 

D  =  turnout  curr  sharpness ; 

A  =  turnout  sweep,   from   switch- 

heel,  A,  to  frog-point,  P; 

?     =  A     =     BPV 

=    YV P     =     AOP =  frog  angle ; 

y    =  m/h.  Fie  2, 

=  %  cot(-P/2)    (See  15)  =  frog  number; 

1  =     B  P     =  lead     =     frog  distance ; 

C    =     AP  ,,,,, =     outer-rail  gage-side  chord ; 

if  r =     middle  ordinate  for  O: 

Q =     quarter-point  ord  for  O; 

tfi  (not  shown),  yt,y^y^ ==     perp  offsets  from  tangent  to 

quarter-points  of  arc,  AP; 

tx  (not  shown),  a^h  ^a,  04 =     abscissas  for  offsets,  y; 

n  (Fig  10) =     switch  angle ; 

I  * =     switch  length  ; 

t  =     switch  throw. 

14.  Fros  «affl«»  Fy  =  turnout  sweep.  A- 

Functions  of  F  and  of  (F/2). 

L  L 

Bin  F       = ;         tan  F       =       ; 

r    -f     (0/2)  r     -     (0/2) 

BlnF  r    -     (0/2) 

cosF       =       =       

tan^  r    -f     (0/2) 

O 

vers^     = .      F      =        approx  DL/100 (4) 

r     +     (0/2) "^ ' 

*Thl8  is  also  the  number  of  degrees  In  the  angle  (  =  1  radian) 
whose  arc  =  radius,  and  is  also  the  length  of  the  radius  of  a  curv 
in  which  an  angle  of  1*  Is  covered  by  an  arc  whose  length^  l^ity. 

59  ^ 
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For  functions  of  F  In  terms  of  A',  see  H  8. 
Cot  (F/2)      =     L/Q     =     2N     =     r/GN ; 
Tsin{F/2)      =     G/L     =     1/(2. A)      =     GN/r (5* 

15.  Frog  number,  N.  

cot  (F/2)  L  r  j    r  r  tan  (F/2; 


"To""        L     "     \   2G   " 


2  20  L  \   20  O 

=     approx  1/(2  VgT)     =     approx  5730 •/!>•  I* (61 

16.  Turnout  center-Un«  radluii*  r. 

r     =     L/BlnF  —   0/2   =   L/tanF  +    G/n     =     O/versF  —  0/2 

cotM/'VS)  G2^ 

=     O =:     OA'cot(J'/2)     = 


tan  {F/2) 
=     2N*G     =     L'/2G     =     NL     :=z     approx    IV2  *    (T) 

17.  Turnout  center-line  aharpnenBv  D. 

Sln(/)/2)   =  50/r  =  25/ N^  G   . 

100  F  100  F  57.3»   1(K) 

D  =  =  approx =  approx . 

arc,  a  p,  ft  L,ft  N         2XG 

2865 •  608 • 

r=     approx    =     approx  for  G     =     4  f 1 8.5  in«. 

N*  G  A'« 

6730« 

=     approx  (8) 

Oft 

18.  Track  firafire»  G. 

«  L  _^_*'_^ 

""         cot  (F/2)  ""       2N      ^        2N^        ~~      2r 

■"         \8ln  F         ^  )    ~~         \  tanF    / 

P  L'i 

=     approx    =     approx     <9) 

4  N't  P 

19.  Ijead  or  f  ros  distance*  L  =:  B  P,  Fig.  4. 

L     =      [r  -f   (G/2)]sinF     =     [r  -  (0/2)]taoF  =  <?cot(F/2> 
=     2GN     =     rAY     =    V2  r  G     =     2  r  tan  (F/2) 
=     (approx.  In  ft)   100  F/D   (10. 

20.  Iions  ebord*  C  (  =  AP),  to  gage-side  of  outer  lead-rail. 
O      =     2  [r   +    ((]f/2)3  Bin  (F/2)      =    Vo»    +    JC/* 


=     G  Vl  +  4  A'«     =     approx  2  r  sin  (F/2) (11  i 

21.  Offsets,  y,  from  gage-side  of  main-track  rail  to  gage-side  oi 
outer  lead-rail. 

B.  Approx-  A/B 

A,    Exact  values  of  y,  imate  values     whcnF=rl2* 

of  J/  {X  =  4.76)  • 


y^  =  [r  +  ((7/2 

y,  =  [r  +  (O/ii 

„,  =  [r  +  (Gf/i 

Vi  =  [r  +  (G/i 


( G/2 )  ]  vers  ( F/4 )  =  G/16  1.0034 

]  vers  (F/2)  =  C  "  

]  vers  (3  F/4)  =1        _ 

G/2)]  versF  =  G  il2^ 


G/2)}   vers  {F/2)  =  G/4  J. 0027 

(0/2)  ]   vers  (3  F/4)  =  9  G/16  1.0016 


•With  smaller  values  of  F    (greater  values  of  A')    the  approxl- 
maUon   for  y„  y,  and  v..  is  closer.  Digitized  by  L^OOglC 
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22.  Ordlnatea 

outer  rail. 


from   long  chord,   (7    (  =      A  P)    to  gage-side  of 


MiddU  ordinate,  if. 
Jf     =      [r    +     (G/2)]TerB(F/2) 

=     approz  0/4  =  approx  14  %  ina  when  O  =  4  f  t  8.5  Ins. 
When  A'       =                             4                8                  16 
we  And  M/(G/4)        =        1.0039        1.0010       1.000244 (13) 

22l».  Quarter-point  ordinate,  Q. 
=      -V[r    +    (0/2) ]»    -    {C/4y   +    M    -    (0/2)    -    r..(14) 


+    (0/2) ]»    -    (C/4)»    +    i^    -    iO/2)    -    r 

[r  +    (0/2)]8ln(F/2) 
where  C/4     =     


.(15) 


Q     =     approx  3  0/16     =     approx  0.1875  (? 

=     approx  10.6  ins  when  O  =  4  ft  8.5  ins 

When  F     =     12%  (N     =     4.70), 

Q 

=     1.0035. 

3G/16 

With  smaller  values  of  P  (greater  values  of  X),  the  approxi- 
mation is  closer. 

23.  In  stub-switch  turnouts,  the  middle  and  quarter  point  ordi- 
nates  are  nearly  independent  of  the  frog-angle,  F.  When  X  =  4, 
N  =  16,  and  gage  =  4  f  t  8.5  ins  the  middle  ords,  to  gage  side  of 
outer  rail,  compare  as  follows: 

mid  ord,  N  =  4               1.18165  ft 
= =     1.00303 


16 


1.1773rft 


mid  ord,  N 
But  see  f  38. 

24.  Switch  angrlCf  m,  leii«th»  1,  and  throw,  t. 

hetw  these  we  may  take 

t     =     I  Bins 

20.  DimcnsloBs.     Circular  Turnout  from  Tangent. 
Gage,  4  ft  8.5  ins    =    4.70833...  ft. 
Switch-throw     =     6.5  ins     =     0.45833...    ft. 


For  the  relation 
(16) 


Fig  4. 


Tf  =  frog  number ;  C  = 

F  =  frog  angle ;  L  = 

r  =  turnout  center-line  radius ;  I  = 

D  =  turnout  sharpness ;  t  = 


AP     =     chord; 
HP     =     lead ; 
switch-rail  length; 
throw. 


.V 

F 

r 

logr 

D 

O 

L 

I    = 

22^Vo# 

4 
5 
6 
7 

14»15'0O* 

11*25'16* 

9'31'3S- 

sno'ie" 

150.67 
235.42 
839.00 
461.42 

2.17802 
2.37184 
2.53020 
2.66409 

88*46' 
24  •32' 
16T)8' 
12-27' 

37.38 
46.83 
56.30 
66.75 

87.67 
47.08 
56.50 
65.92 

11.75 
14.69 
17.68 
20.67 

8 

9 

10 

11 

7*09'10* 
6*21'35- 
6M3'29'' 
5'12'18'' 

602.67 

762.75 

941.67 

1139.42 

2.78008 
2.88238 
2.97300 
3.05668 

9*31' 
7-31' 
6"05' 
6*02' 

75.19 

84.62 

94.05 

103.48 

75.33 

84.75 

94.17 

103.58 

23.50 
26.44 
29.38 
32.32 

12 
IS 
14 
15 

4M6'19'' 
4«24'19'' 
4*05'27'' 
8»49'06'' 

1356.00 
1591.42 
1845.67 
2118.75 

8.13226 

3.20178 
3.26615 
3.32808 

4M4' 
3«36' 
3-06' 
2"42' 

112.90 
122.33 
131.75 
141.17 

113.00 
122.42 
181.83 
141.25 

35.26 
88.19 
41.13 
44.07 

16 

8*34'47'' 

2410.67 

8.38214 

2*28' 

160^ 

150.67 

47.01 
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Turnout  from  Curr. 

26a.  Fig  5&.  For  stub-switch  turnouts  from  tangents,  f  25  glvos 
the  sharpness,  D,  the  radius,  r,  and  the  lead,  L,  =  B  P,  for  fro^ 
numbers  from  4  to  16.    The  middle  ordinate. 


=    (•■  +  3-)'*"T 


from  the  chord  A  P  to  the  turn- 


out frog-rail  gage-side,  is  practically  the 
bers.     See  H  23. 


for  all  frog  num- 


26b.  But,-  Figs  5a  and  5c,  when  a  given  frog  number  is  used 
in  a  turnout  from  a  ourv4  main  track,  ail  these  functions  (includ- 
ing the  ordinates)  are  affected ;  and  their  values  depend  not  only 
upon  the  sharpness,  Dm,  of  the  main- track  curv,  but  also  upon 
whether  the  turnout  curvs  in  the  same  direction  with  the  main- 
track  curv.  Fig  5a,  or  in  the  opposit  direction,  Fig  5c. 

27.  Symbols.    Figs  5.    Let 

Cot  (F/2) 
O  =  gage ;       F  =  frog  angle ;      A'  = =  frog  number. 


and  let  other  symbols  denote  as  follows : 


For  curvd 
main  track 
Figs  5a,  0 

For  turnout          | 

from  tang 
Fig   55 

from  ciirT 
Figs  5o,  c 

Center 

Center-line  radius 

Sharpness 

Sweep,    from    beginning,    a,    of 
turnout,  to  frog-point,  P, 

Ordinates,  from  long  chord,  A  P, 
to  turnout  frog- rail  gage-side 
Mlddle-ordlnate 
Quarter-point  ordinate 

Lead.  B  P, 

Om 
rm 
Dm 

Am 

O 

r  ■ 
D 

A 

M 

Q 
L 

o« 

A« 

28.  RelatlonM.  Then,  comparing  first  Fig  6a  and  then  Fig  5e 
with  Fig  56,  we  find,  for  a  given  frog  angle,  F: — 

Fig  5a,  when  the  two  curvs  are  in  the  Bame  direction^ 

De     >     D;    re     <     r;    Lt     <     L;  Mc     >     if. 

Fig  5c,  when  the  two  curvs  are  in  oppo%it  directions, 

D*     <     D;    re     >     r;    hp     >     h;    if«     <     if. 

29.  Sharpness  DIITcrooec.  Pigs  6.  Let  the  sharpness  of  tbe 
main-track  curv,  M  M',  be  Dm,  and  let  that  of  the  tnmoat  curv,  f, 
be  Dc.    (In  Fig  66,  Z>«  =  0.) 
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(6) 


Flirs.6. 


-M' 


(6)       *'*^'r  (c)         J^r 
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riv*.  7. 


Digitized  by  CiOOg  IC 


TCRNOCT  ARKANOBMBNTS. 


856 


Then,  for  their  sharpness  difference.  Da,  we  have : — 
Dd    =z     De     ±     Dm;     plus  for  Fig  6c;  minus  for  Fig  6c; 

or 
D«    =     Dd     ±     Dm;     plus  for  Fig  6  o;  minus  for  Fig  6  o. 


(17) 


If  (Fig  7  e)  the  main  track  has  the  Bharper  curv,  or  Dm  >  Z)«« 
we  hav :  D4  (  =  De  —  /)»)  negativ,  and  De  =  Dm  —  Dd. 

Eqs  (17),  above,  are  exact,  when  D  =  sweep  per  are  unit.  See 
(^1^V8  p  878,  J  20. 

Ma.  Arraogenienta,  Let  Figs  7  represent  a  series  of  turnouts, 
T  (shown  dotted)  each  leaving  the  main  track  (shown  solid)  on 
the  right,  with  constant  frog  angle,  F;  and,  beginning  with  Fig  la, 
let  the  main  track  deflect  progressively  toward  the  left.  We  then 
have : — 


Fig                                         1 

7o 

76 

rin=r  00  ; 
A  =  f 

70 

Id 
rr  =  oc  : 

7e 

Cens  (and  deflec- 
tion from  tan- 
gent in  our 
Figs) 

Main  —.        Om 

Turnout  — ,  Oe 

right 

0 

left 

left 

left 

right 

right 

right . 

0 

left 

Turnout  leavs 
main  track  on 

inside 

outside 

outside 

outside 

Frog  rail 

Main—,        BP 
Turnout  — ,  A  P 

1 

inner 

outer 

outer 

outer 

outer 

outer 

outer 

Inner 

Radii 
Greater 
Main  — ,       r* 
Turnout  — ,  r» 

1 

main 

main 

turnout 

turnout 

incrsg 

00 

decrsg 

decrsg 

decrsg 

increasing 

00 

decrsg 

Sweeps 

Main  — ,        A" 
Turnout  — ,  A« 

1 

0 

increasing                  | 

decreasing 

0 

incrsg  1 

Digitized  by  CiOOg  IC 


bob  BAIL.BOADS. 

30b.  We  see,  therefore,  that  a  turnout  may  be  a  tangent.  F\g  7d, 
or  a  curv  in  either  direction ;  and  that,  if  a  curv,  it  may  leav 

Fig  7  &,  a  main -track  tangent,  as  In  our  preceding  articles ; 

Fig  7  c,  a  main-track  curving  in  the  opp  dir'n,  (cens  on  opp 
sides  of  track)  ; 

Figs  7  a,  e,  a  main- track  curving  in  the  same  dir*n,  (cens  on  tame 
side  of  track). 

30c.  \%^hen  the  turnout  la  a  tangent  (Fig  7d),  it  necessarllj 
leavs  the  outside  of  the  main-track  curv  ;  and  the  frog  angle,  F,  Is 
then  the  same  (  =  turnout  sweep,  A»)  as  for  a  turnout  (Fig  7  6) 
of  radius  r  =  rm.  Fig  7  d,  leaving  a  main-track  tangent. 

30d.  When  the  two  enrvm  are  in  opp  directions  (Fig  7c), 
(centers,  Om  and  Oc,  on  opp  sides  of  the  track),  the  turnout  curv 
also  necessarily  leavs  the  outside  of  the  main-track  curv. 

30e.  \%'hen  the  two  cnrvs  are  In  the  same  direction  (Figs 
7  a,  e)  (cens,  Om  and  Oe,  on  same  side  of  track)  the  turnout  may 
leav  either  the  inside  or  the  outside  of  the  main-track  curv  :  but  we 
assume  (¥^g7a)  that,  in  this  case,  unless  otherwise  specified  or 
obvious,  the  turnout  curv  has  the  shorter  radius,  so  that  It  leavs 
the  inside  of  the  main- track  curv. 

31a.  equations  for  turnouts  from  curve.     For  symbols,  see  f  27. 
For  approximate  equations,   see  jf  31 1>. 

±    ^m    =    F    ±    Act;  ±    Ae    =    ^    ±    Amf.       (18) 

Tan(A"*/2)    =  ON/rm;         Tan(Ac/2)    =  G^yre;   (19) 

±  f  =  Ac  ±  Am  ;*         N  =   Vj  cot(F/2)  ;   (20) 

50  G  y 

rm  =  =  ;   (21) 

sin  (Z>m/2)  tan  (Am/2) 


50  ON  /  G\  'sin  A-»         O 

re    =  =  =    I  r«  ±  —  ) ; 

Bin(Dr/2)  tan(A«/2)  \  2/     slnA*  2 

(22) 

ainiDm/2)   =  50/r«;  8ln(i)c/2)   =  50/re; 

Dd  =  Dc  ±  Dm;*     (23) 

/  G\»       Aw  /  G\  Ae 

Lo  =  2  [rm  -+-  —  I  sin ;     if  •  =  (  r*  +  —  |  vers ;   (24) 

\~2/  2  \^2/  2 

Qc  —  <R?     "^     ^      -f      ife       —       JJ«    (25) 

Where  Re  =  ro  +  (G/2) ;        «  =  A  P/4  =  %  fio  8ln(A«/2) 

31b.  Approximate  equations.  Fig  6.  For  a  circular  turnout 
from  a  curv,  the  principal  functions  may  be  found  approximately, 
as  below,  by  comparison  with  the  corresponding  functions  in  a 
turnout  from  a  tangent. 

With  given  gage,  G,  and  given  frog  number,  V,  let  the  following 
nomenclature  be  observd. 

*Plus  for  curvs  in  opposit  direction ;   minus  for  curvs  in  same 
dlrootion. 
^^tPlus  for  curvs  in  same  direction;  minus  for  curvs  in  opposit 
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In  turnout 
from  tangt 

In  turnout  from 

curv 

Correct 

Approx 

Cen-line  radius 
of  main  line, 
of  tamout. 

rmi  =  00) 

r 

rm 

rU' 

Sharpness 
of  main  line, 
of  turnout, 

D«(  =  0) 
D 

Dm 

i>M 

Sharpness-diff, 

Uad, 
Ordinate, 

middle—, 

quarter-point — , 

L 

M 

Q 

D4 
(=De  ±  Dm)* 

Jf«« 

Then,  for  a  given  gage,  O,  and  given  frog  number,  N,  we  have : —  , 
Approx ;  see  H  31c 

Dds  =  D;     Dm  =  Da«  ±  Dmf ;  re»  =  50/8ln%  Do. 

L..  =  L;     Mem  =  M  il±  Dm/D)t ;     0«.  =  Q  (1  ±  D*/D)t   (26)  \ 

31  c  The  following  table  shows  the  degree  of  approsHmation  In 
the  approx  equations  (26),  H  31  h 


^-\^ 

^     1 

Dm  =  2- 

D«  =  4» 

D«  =  8* 

Dm  =  2* 

D»  =  4"' 

Dm  =  8- 

N 

4 

8 
16 

Dd/D 

1.0042 
1.0019 
1.0018 

Dd/D 

1.0068 
1.0044 
1.0054 

Dd/D 

1.0196 
1.0115 
1.0176 

Dd/D 

0.99627 
0.99878 
0.99984 

Dd/D 

0.99299 
0.99821 
1.0014 

Dd/D 

0.98773 
0.99902 
1.0095 

4 
8 
16 

re/rem 

0.99621 
0.99845 
0.99000 

ro/fc* 

0.99243 
0.90691 
0.99800 

Te/rea 

0.98490 
0.99383 
0.99599 

re/rem 

1.0038 
1.0015 
1.0010 

re/rem 

1.0076 
1.0031 
1.0020 

re/rem 

1.0153 
1.0062 
1.0040 

4 
8 
16 

Lc/Lca 

=  Lc/L 

0.99916 
0.99909 
0.99883 

Le/Lea 

=  Lc/L 

0.99827 
0.99801 
0.99698 

Le/Lra 

=  Lc/L 

0.99637 
0.99534 
0.99126 

Lc/Lra 

=  Lc/L 

1.0008 
1.0007 
1.0005 

Lc/Lra 

=zLc/L 

1.0016 
1.0013 
1.0003 

Le/Lem 
z^Le/L 

1.0029 
1.0019 
0.99779t 

4 
16 

M»/Mv 

1.0013 
0.99990 

:::: 

Mc/Mc* 

1.0043 
0.99285 

Mc/Mem 

0.99851 
0.99896 

:::: 

Me/Mem 

0.99305 
0.99368 

*PIn8  for  curvs  In  opposlt  direction ;  minus  for  curvs  In  same 
direction. 

tPlus  for  curvs  in  same  direction ;  minus  for  curvs  In  opposlt 
direction. 

tWith  Dm  z=  S^,N  =  16,  the  turnout,  from  outside  of  main  track 
enrv,  curvs  in  the  same  dlrectloF ,  see  Fig  7  e;  i.  e.,  the  two  centers 
are  on  the  same  aide  of  the  tracV.    See  H  80  e.^^.  .^^^  ^^  (^oog le 
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Double  Tnnioat  froat  TaBseat. 
From  Oppofiit  Sld«a. 

32.  Fig  8.    In   a  double  stub-switch  turnout    (seo  Part  I,  flO) 
from  opposlt  sides  of  a  tangent,  let  tbe  two  turnoat  currs  be  of 
equal  snarpness;  and  let 
O     =z  AB  =  gage; 
F     =  Fa  =  Fb  =:  main  frog  angle ; 
N     =  Na  =  Nb  =  main  frog  number ; 
L     z=  A  P»  =  B  Pb  =  main  frog  lead  ; 
Le  =  aPo  =  crotch  frog  lead; 

r       =  Oaa  =:  0»a    =   center-line  radius  of  either  tumont  cur? ; 

R      =    OaB    =    ObA    =    OaPm   =i    ObPb 

=    0«  Pe    =    05  Pe    =    r  +  0/1 

=  outer-rail  gage-side  radius  of  either  tumont  cur?. 


P«  =  crotch  frog  angle ; 
^e  =  crotch  frog  number; 


FifiT.  a 


Then, 
Fe  =  2FeOba; 


r             (0/2)'  -1 
L    =  2QN  (see  II  19)  ;  Lc  =  2      O  +  j  Ne 


O  -f 


(Gf/2)' 


Or,  for  Le,  we  have : — 
L 


iAn^Fc/2) 


.(27) 


0  I  Jit  ^    (R   ^  0/2)«  /    k  -   G/4 

'  "    \    «»  -    (/J  -   0)»            \     2R  —  a 
Hence,  neglecting  O,  we  have,  npprox  : — 
Lc       =     Vl72  L       =       0.707  L     =     V2'  OA'; 
L     —     Lc       =       approx    (1     —       M/'2)  L       =r       say  0.293  L; 
or,  pracUcally,  I»«  =   0.7  L;    and  L   —  Lo    =r    0.3  L;    (29) 

C0t(Fr/2)  //r 

*  ~  '  ""    2  [G  +    (G^/2)«A1 

=  -:7_     =     0.707  iV (30) 


=  app- 


2 


2G 


V2 
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Side. 

S8.  Pig  9.     Two  stub-switch  tumonts,  T«  and  Tb,  with  center- 
line  radii,  rm  and  n,  respectivly, from  the  same  side  of  the  tan,  MM'. 

Ut  «•     (=     0*A     =     r.  +  0/2)        =       2Rh     =     2  (0»A) 

=  2  (r»  +  0/2). 
Then,  since  0»  P»  =  0»  Oa,  we  have  : 

Fa  =  -P»  =  F  =  main-frog  angle ; 

y«  =  :y»  =  2\r  =  '•        nnmber;   (31) 

and  the  two  main-frog  points,  P»  and  Phj  are  opposit,  on  track,  Tm. 

Let  Dm  and  Db  be  the  center-line  sharpnesses  of  currs,  T»  and 
r»,  respectlvly. 


Flff.  9. 

Then,  approx : — 
Db  =  2Da; 

YenFv  =   G/iJ»  =  2  0/R«; 
L    =  B  Pa  =  lead  =  72<.  sin  F«  =  2  0K; 
Lc  =z  B  Pe  =  crotch-lead  =  Rb  sin  Fo  =  2  G  IV.  =   VoB"  L 

=   <2aV; 

Lc         cot  (Fc/2) 
Ac  =  =  =  0.707  A' (32) 

2G    «  2 


Doable  TurnoutM  from  Corr. 

Si.  In  double  turnouts  from  the  same  side  or  from  opp  sides  of  a 
cnrvd  main  track  of  moderate  sharpness,  the  dimensions  are  practi-' 
caily  the  same  as  for  similar  turnouts  from  straight  track,  using  the 
■ame  frog  angles.     If  the  main-track  curvature  is  sharp,  the  prob- 
lem may  be  solvd  graphically. 
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POINT  S^I^TCHBS 
Tnmont  from  Tam^^iit. 

35.  Nomenclature.    Fi^  10.     Point-switch  turnoat  from  tangent 
Compare  Am  By  Engng  Assn,  Manual,  1015,  pp  182-3. 

Let 

O  =     track  gnee; 

R      =     O  D  =     outer-rail  jcaee-side  radius   of  turn- 

out curv,  D  E; 

r       =     O  D    -^    G/2  =     cen-line  rad  of  turnout  curv,  D  E; 

D  =     Sharpness  of  turnout  curv,  DE; 

J^     =     DOE  =     sweep   of   turnout    curv,    D  E,  betw 

switch-heel  and  frog-toe; 

M  =r     middle  ordinate  from  chord,  DE,  \o 

outer-rail  gage-side; 

F     =     B  PE  =  tOE       =     frog  angle ; 

N     =     %  cot(F/2)  =    frog  number; 

0  =     D  E  =     long  chord  of  outer-rail  gage-side : 
L      =     B  P  =     lead,    from    actual    switch-point   to 

theoret  frog-point; 
T      =z     DV     =     VE         =     semitangent  of  turnout  curv ; 
8=7AD  =     switch  angle; 

1  =     AD  =     switch  length; 

8  =     switch-heel  distance,  or  spread,  bet«r 

gage-lines,  at  D; 
W     =     PB  =:     dlst  from  f rog:point  to  frog-toe ; 

6  =G    —    fi    —    WsinF; 

p  =     actual  switch-point  thickness; 

t  =     actual  frog-point  thickness; 

a,y,—     ti,tb  =     co-ordinates  of  any  given  point,  u 

n,  on  outer-rail  gage-side ; 
a     =     D  On  =     sweep  of  arc,  D  n. 

36.  Equations  for  point-switch  turnout  from  tangent 

Fig  10.    Frog  angle,  F;  turnout  sweep.  A*  ond  Bvpitch  angle,  », 

J*    =    A   +  «;     A  =  -'^  -  «; 

«      =     2?    -    A.        Sin«     =     {8  -  p)/l;     (33) 

Lead,  L. 

Bin  %iF  -  8)                                     F  +  9 
L     =     (I  -  TT)    •      -f        (GF  -  p)cot 

sin  Vj(F  -\-  8)  2 

=    (r  -f  z)ccs*  +   (r  +  Tr)co8F    (34^ 

For  lead  from  vertex  to  theoretical  atcitch  point,  add  p  cot  ». 
For  lead  to  actual  frog  point,  add  N  i,     t  =  actual   frog-point 
thickness. 

Since  Tsin*  +  TslnF  =  r(sin«  -f  slnJP)   =  e,  we  hare:— 

T     =     i2tan(A/2)      =     (35) 

sin  8    -f    sin  i'' 
Turnout  center-line  radius,  r. 
Since  e     =     D  E  bAtl  %  (F    -\-    s) 

=     2 /J  sin  (A/2)  sin  %  (F    +    »),  we  have  :— 

«     =     r    4-    0/2     =     Tcot(A/2) 

e  c 

=    _ — — =    ;    and 

2  sin  %  (F  +  «)  8in(A/2)  cos* --^cos F 
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r       =       JJ     -     0/2    (36) 

Chord,  DE       =       2ft  sln(A/2) (37) 

Turnout  curv  sharpness,  D. 

Sin(Z)/2)      =     50/r    (38) 

Arc,  D  E. 

DE     =     2  T  «A'/360     =     0.017  453  iZA*    (8«) 

Distance,  D'  E',  from  switch- heel,  D',  to  frog-toe,  E\ 

D'E'     =     L    -     (W    +    Z) (40) 


!  /  /;'^K/^ 

I  'I  / 
i    '''  / 


/ 


Fls.  10. 


Co-^^rdinatvs,  s    .  —       kn;      and  p       =       in. 
«(=     fcn)        =       ilcOBS     —     <B8ln«]     -f     22  sin  (o  + 
y(=     In)        =       [S     4-     «C08«]     —     RcoBia    +    «)..(41) 
The  quantities  In  brackets  are  constant  for  a  given  N,  I  and  s. 
The  Am  By  Engng  Assn,  Manual,  1915,  p  184,  specifies : — 

Switch-point  thickness,  p,  =;=     0.25  Inch     =     0.020  833 ...  ft ; 

Krog-polnt  thickness,  t,  =     0.50  Inch     =     0.041  666. .  .ft ; 

Swlt(±-heel  dlst,  or  spread,  8,         =     6.25  Ins       =     0.520  833. .  .ft 
Middle  ordinate,  M,  to  outer-rail  gage-side. 

M  =  R  Ters(A>^)  ....  ',^^^j^i:^c^i^) 
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87*  Simple  awrozlmate  equatloni^  nsin^  *'8witeh-iiiimbet^,  «. 
Fig  11.    (Compare  WelUngton  B.  Lee,  Bng  News,  1888  Apl  21. 
p25£) 


Let 
G 
W 
F 
I 
B 
N 
n 
e 
€ 


dist  from  frog-toe  to  frog-point; 
frog  angle; 
switch  length ; 


frog  angle; 
switch  length  . 
switch-heel  distance ; 


frog  number; 

1/8      =       "switch-number" ; 

G     —     8     —     WslnF; 

chord.  DEj  from  switch-heel  to  frog-to*. 


Flff.  11. 


Then : — 


R      = 


0  approz 


=       2e. 


n  -\-  N 


(48) 


r     +     —  ;      R  approx     =     O 
2 


n  N 


=     outer-rail  gage-side  radius (44) 

With  gage,  G,    =     4'  8.5",  and  £1     =     0.25",  calculation  shows : 

N  :^  1=         W=  P  =:  »=  «-  Rmp,  R/R*9f 

4  lift       3 ft 2"     MMS'O"       2"  36' 19"      8.25 Ins     1.0024 

16  33  ft       SftO"       3*  34*  47"     0"  52'    6"       8.53  ft       0.9058 

Ordinate«  to  chords  O. 

88.  Where,  as  assumed,  for  the  stub  switch.  In  V  12,  Figs  4,  the 
outer  turnout  rail  forms  a  continuous  circular  cury,  from  beginning. 
A,  of  turnout  to  the  theoretical  frog-point.  P,  its  middle  and 
quarter-point  ordinates  are  approximately  independent  of  the  frog 
number,  U  (and  hence  Independent  of  the  radius)  ;  but,  where,  as 
In  point-Bwitches,  Fig  10,  the  turnout  cuir  Is  taingentlal  to  the 
switch-rail  and  to  the  frog^leg,  at  D  and  at  E,  respectlTly.  the  ords 
diminish  as  the  frog-anele,  F,  diminishes ;  and  they  would  become 
aero  If  the  frog-angle,  P,  became  =  the  switch-angle,  •;  for  the 
turnout'Cury  would  then  become  a  straight  line. 


Mid  ord     =     JZvers 


^  *    JiQiti 


vers  — .    See  Bq  (42). 

zedbylJOOgle 


SWITCH  DIMENSIONS. 


863 


'ThMretieaP'  and  «praetlear'  dlmeBAlon*. 

39.  To  rcds««  rall-«Httliiff  and  rail-waste,  it  is  commonly 
found  desirable  to  deiwrt  from  the  "theoretical"  dimensions  given 
by  eqs  34-41,  and  represented  by  the  solid  lines  in  Figs  12,  and 
to  make  the  straight  lead-rail,  D'  E',  of  such  length,  Dp'  E',  as  to 
permit  the  eventual  utilization  of  both  the  pieces  Into  which  a  rail 
Is  cut;  thus  substituting  '^practical"  for  the  "theoretical"  dimen- 
sions. 

4«.  Tke  eorrd  lead-rall*  (D,  E9,  Figl2a;  Dp"  B,  Flgl2b)  may 
thd  be  made  of  the  same  number  and  lengths  of  pieces  with  Dp'  E', 
bringing  the  joints  of  these  two  rails  opposit,  if  the  length  excess 
of  the  curvd  rail  may  be  compensated  by  laying  it  with  joint-spaces 
wider  than  those  of  Dp*  B>.  But  compare  tables  of  theoretit:al  and 
practical  dimensions,  f  f  47-50. 


FliT.   12. 


41.  Dtaflrrams.  In  Figs  12a^  12b^  the  "theoretical"  dimensions 
are  shown  in  solid  lines;  and  the  "practical"  dimensions  of  the 
oater  turnout  rail  are  shown  in  dotted  lines.  Fiji;  12a  represents 
the  case  where  the  "theoretical"  lead,  L,  exceeds  the  "practical" 
lead,  Lp;  and  Fig  126,  vice  versa, 

42.  ChaBKe  ia  lead  lenarth.  Figs  12a,  12b.  With  a  given 
switch-length,  I  =z  AD,  given  switch-angle,  S  =  Y  A  D,  and 
given  frog-angle,  F,  there  is  but  one  lead  length,  L,  and  but  one 
outer-rail  gage-side  radius,  R  =  O  i>»  f or  a  circular  arc,  D  E, 
connecting  tangentially  the  switch-heel,  at  D,  and  the  frog-toe,  at  E. 

43.  If  the  lead  be  shortend  (as  to  Lp.  Fig  12a)  we  must  introduce 
an  additional  "frog  tangent",  E  Ep;  whereas,  if  the  lead  be  length- 
end  (as  to  Lp,  Fig  126),  we  must  Introduce  an  additional  "stcitch 

'"     -^fD,"     •       • '•        •       -  — 


In  either  case,  the  radius  Is  shortend,  as  indi- 


tangeot".  Dp 
cated. 

44.  ITew  Radios.    For  the  new  (dlmtnisht)   outer-rail  gage-side 
radios,  Rp,  and  for  the  additional  tangents,  we  have  (S.  S.  Roberts* 
Track  Formulse  and  Tables,  pp  12-13). 
Fig  12a 

sinFX  cot  %(F-«) 
R     —     Rp       =        (L    -    Lp) 


sin  (F  -  s) 


BE,       =        (L     -     Lp) 


sin  %  (F  -f  s) 
sin  %  (F  -  s) 


yL^oogle 


.(46) 


XbXfc.  J.  XJ  Jk  vr /XA^Oa 


Pig  126 


=        (I^ 


L) 


Blii«  X  cot  %(F  —  ») 
sln(i^  —  «) 


sin%(F  +  B) 

DpDp''       =        (Lp     -     L) (4e» 

slnHd?*  -  a) 

45.  Co-ordinates.    For  a  given  point  in  the  lead  cuir. 

Let  Of     =     the  abscissa   (co-ordinate  parallel  with  main  track), 
measured  from  the  switch-point,  A9, 
V     =     the  ordinate  or  offset   (co-ordinate  nonnal  to   BUda 
track)   measured  normally  from  the  tangent. 
In  Fig  12a,  where  the  theoretical  exceeds  the  practical  lead,  the 
co-ords,  00  and  y,  to  any  point  in  the  lead  cunr,  D9B9,  are  as  In 
eq   41,   substituting  Rp  for  R;  but,  in  Fig  \2h,  where  the   prac- 
tical exceeds  the  theoretical  lead,   these  co-ords  are  modUled,    as 
below,  by  the  introduction  of  the  switch-tangent,  Dp  Dp",    (S.    & 
Roberts;  Track  Formule  and  Tables,  pl8.)     Here,  I    =    switch- 
length,  AD;  8   =    switch-heel  spread ;   «   =    switch-angle,  Y A  D ; 
A»    =    turnout  sweep  from  switch-heel  to  the  given  point.     The 
quantities  in  brackets  [  ]  are  constant  for  given  N,  I  and  «. 
9     =     [(I  -i-  Dp  Dp'*)  cos«  —  Af»Bin«]     +     By8in(Ap    +    •) 

=     (approx)    [(I  -h  Dp  Dp")   -  2e,Bln«l    -I- «»sln(Ap    +    •>  ; 
y     =     [£f  -i-  DpDp'*B\ix9  +  2epCos«]     —    ^C06(Ay  +  «)...(47) 

46.  Frofcs  and  Switches.    Am  Ry  Bnvnir  Assa«  Manoal,  1915, 

{)p  184-5.    Our  Figs  1,  10  and  13.    For  theoretical  and  practical 
eads,  see  nil  48-50. 

B 

N 


K 

u 

8 


switch-heel  spread  =  6.25  ins; 

frog  number ;         P     •=.     frog  angle ; 

dist,  point  to  toe  of  frog,  measureu  parallel  with  a  1 

line; 

dist,  point  to  heel  of  frog;  T     =     frog-toe  spread; 

frog- heel  spread  ;         I     =     switch-rail  length ; 

switch  angle. 


47. 

Frog  and  Switch  DimenHona. 

N 

F 

W 
ft  ins 

K 

ft  ins 

ftTns 

T 

ft 

H 
ft 

1 
ft  ins 

• 

4 
5 
6 

14  15  00 

11  25  16 

9  3138 

3  2 

3  7 

4  0 

5  4 

6  5 

7  0 

8  6 

10  0 

11  0 

0.79 
0.71 
0.66 

1.32 
1.28 
1.16 

11  0 
11  0 
11  0 

2  86  19 
2  86  19 
23619 

T 

8 
9 

810  16 
7  09  10 
6  2135 

4  5 
4  9 
6  0 

8  1 

8  9 

10  0 

12  6 

13  6 
16  0 

0.63 
0.59 
0.67 

1.11 

16  6 
16  6 
16  6 

14411 
144  11 
14411 

1?^ 

11 

6  0132 
5  43  29 
612  18 

6  0 
6  0 
6  0 

10  0 

10  6 

11  6 

16  0 

16  6 

17  6 

0.68 
0.60 
0.54 

1.05 
1.05 
1.05 

16  6 
16  6 
22  0 

144  11 
144  11 

118  08 

12 
15 
16 

4  46  19 
3  49  06 
3  34  47 

6  5 

7  8 

8  0 

12  1 
14  10 
16  0 

18  6 
22  6 
24  0 

0.53 
0.51 
0.50 

1.01 
0.99 
1.00 

22  0 
33  0 
83  0 

1  18  08 
0  52  05 
0  52  05 

18 
20 
24 

3  10  56 
2  5151 
2  23  13 

8  10 

9  8 
11  4 

17  8 
19  4 
23  2 

26  6 
29  0 
34  6 

0.49 
0.48 
0.47 

0.98 
0.07 
0.97 

33  0 
33  0 
83  0 

0  52  05 
052  05 
0  52  05 

"Nos  8,  11  and  16  frogs  are  recommended  as  meeting  all  general 

requirements  for  yards,  main-track  switches  and  junctiona  *     Am      i 

By  Eng  Assn,  Manual,  1915,  p  168.  ' 


48.  Theoretical  Leads.     For  frog  and   swil 
fU  46,  47.     For  "practical'*  lends,  see   1(11  49-50. 

Am  Ry  En?rnff  Assn,  Manual,  1915,  p  184. 
jr    =  frog  number ;        r  =  center-line  radius ; 


dimensions,  aeo 


D  =  sharpness; 
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L    =  leftd  =  dist  from  actual  switch-point  to  tbeoret  frog-point ; 

L»  =  straight  rail  closure,  from  swltcn-heel  to  frog-toe 

=  L  —1  —  W: 

Lm  =■  curvd  rail  closure,  from  switch-heel  to  frog-toe. 


Ji 

r 

D 

L 

L, 

L« 

ft 

»               t            H 

ft 

ft 

tt 

4 

112.26 

62  53  56 

37.05 

22.88 

98.29 

5 

183.22 

31  40  24 

42.77 

28.19 

28.55 

6 

273.95 

21  01  58 

48.11 

83.11 

83.88 

7 

364.88 

15  47  19 

61.94 

41.02 

41.24 

8 

488.71 

11  44  40 

67.47 

46.22 

46.42 

9 

616.27 

9  18  27 

72.24 

49.74 

49.92 

9H 

699.97 

8  11  33 

74.90 

52.40 

52.58 

10 

790.25 

7  15  18 

77.51 

55.01 

55.17 

11 

940.21 

6  05  48 

92.06 

64.06 

64.20 

12 

1136.34 

5  02  38 

97.25 

68.83 

68.96 

15 

1744.45 

8  17  06 

130.50 

89.83 

89.94 

16 

2005.98 

2  51  24 

135.95 

94.95 

95.05 

18 

2587.66 

2  12  52 

146.38 

104.54 

104.61 

20 

3262.98 

1  45  22 

156.35 

118.68 

113.76 

24 

4932.77 

1  09  42 

175.09 

130.66 

130.77 

FiS.  13. 


49.  Praetieal  I>ad«.    Pig   13.     (Am    Ry    Engng   Assn,   Manual, 
1915,  p  185.     Lead-cury  co-ordinates.)    Theoretical  leads,  1148.    Frog 
and  switch  dimensions,  HU  46-7.     Lead  and  closure  lengths,  H  50. 
Jf  =  frog  number  ;        r  =  center-line  radius ;        D  =  sharpness  ; 
m  and  y  =  co-ordinates  from  switch-point  to  the  quarter  points  and  ^ 
center-Dolnt  on  outer-rail  Grasre-Bldp.  ' 


center-point  on  outer-rail  gage-side. 


N 

r 
ft 

D 

Of       m 

ft 

n 

'A 

?l 

ft' 

5f? 

4 
5 
6 

110.69 
174.34 
265.39 

53  42  24 
33  19  57 
21  43  04 

17.74 
17.78 
19.07 

0.97 
0.95 
1.01 

23.44 
24.54 
27.13 

1.67 
1.61 
1.74 

29.75 
31.27 
35.15 

2.79 
2.62 
2.72 

7 

8 
9 

862.08 
487.48 
605.18 

15  52  29 

11  46  27 

9  28  42 

26.72 
28.37 
28.75 

0.97 
1.02 
1.02 

36.93 
39.01 
40.98 

1.71 
1.78 
1.76 

47.11 
51.45 
53.19 

2.74 
2.91 
2.75 

11 

695.45 
790.25 
922.65 

8  14  45 
7  15  18 
612  47 

30.31 
30.28 
40.74 

1.06 
1.06 
1.08 

43.35 
44.05 
66.47 

1.82 
1.84 
1.84 

56.37 
57.81 
72.19 

2.83 
2.85 
2.87 

12 
15 
16 

1098.73 
1744.38 
1993.24 

512  59 
3  17  01 
2  52  59 

43.99 
55.49 
58.16 

1.15 

1.01 
1.04 

60.65 
77.95 
81.76 

1.90 
1.78 
1.82 

77.28 
100.41 
105.35 

2.91 
2.85 
2.87 

18 
20 
24 

2546.31 
3257.26 
4886.16 

2  14  31 
145  32 
1  10  21 

68.73 
61.84 

67.82 

1.04 
1.08 
1.27 

84.46 

90.21 

100.21 

1.82 

1.88 
1.07 

110.10 
118.59 
132.59 

2.86 
2.93 

3.00 

(See  also  1(50.) 
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BO.  FlgB  12.    LengthB  of  lead$  and  elaaurcM,  ete. 

(Am  By  Bngng  Assn,  Manual,  1015,  p  188.) 


For  "theoretical  leads."  see  H  48. 

For  frog  and  switch  dimensions,  see  f  f  46-7. 

For  practical  lead-curv  co-ordinates,  see  H  49. 
N  =  frog  number ;        Tt  =  switch  tangent 

Tf  =  frog  tangent,  E  »p» 
(lee  143.) 

L    =  lead,  B  P,  from  actual  switch-point  to  actual  frog-point ; 
Lt  =  closure,  for  straight  rail ; 
Le  =         "         "    curva  "  . 

(Closure  =  rail  lengths  required  betw  switch-heel  and  frog-toe.) 


"feiSl^a^"''- 


rl2o; 


N 

L 

ft 

ft 

ft 

ft 

S' 

4 
5 
6 

37.94 
42.47 
47.98 

one  23.60 
one  27.68 
one  32.73 

one  24 
one  28 
one  S3 

1.03 
0.00 
0.00 

0.00 
0.82 
0.66 

7 
8 

9 

62.10 
67.98 
72.28 

one  13.89  one  27 
one  16.40  one  80 
one  16.41  one  33 

one  14.11  one  27 
one  16.60  one  30 
one  16.59  one  33 

0.00 
0.30 
0.00 

0.19 
0.00 
0.57 

11 

76.71 
77.93 
94.31 

one  25.82  one  27 
one  27   one  28 
one  32.85  one  33 

one  26   one  27 
one  27.17  one  28 
two  33 

0.76 
0.00 
2.99 

0.00 
0.00 
0.00 

12 
16 
16 

100.80 
133.28 
137.57 

one  23.88  two  24 
two  33   one  25.9 
one  29.90  two  33 

three  24 

two  33   one  26 

one  80   two  38 

5.33 
0.00 
1.66 

D.O0 
0.00 
0.00 

18 
20 
24 

146.51 
157.42 
177.22 

one  25.93  three  26 

one  26.92  two  27  one  33 

one  32.89  three  33 

four  26 

three  27   one  33 

four  33 

0.00 
0.44 
2.43 

1.08 
0.00 
0.00 

Flff.  14. 


Conneetlnff  Cnrr. 

Bl.  Lateral  Tnmoiit.  Fig  14.  In  the  "lateral*'  turnout,  let 
d  =  dlst  betw  cens  of  tracks ;  d  —  G  =  dist  betw  gage-Unes  of  inner 
tracks ;  K  =  dist  from  theoret  frog-point  to  frog-heel ;  r«  =  cen- 
line  radius  of  connecting  curv ;  L'  =  lead  from  theoret  frog-point 
to  end  of  connecting  curr.  Then,  remembering  that 
2N  =z  cot(^/2)    =   l/tan(F/2), 


Digitized 


by  Google 


CONNECTING  CUEVS. 


867 


we  have 

K    +   (r,  -  G/2)Un(F/2)  =   (d  -  G)/BinF;  hence:— 

r.    =  2^  (d  -  0)/8lnF  —  2  ^  iC  +  0/2 ; 

I,'   =    (d  -  G)  cot  F  +    (r.  —  Q/2)/2N     (48) 

82.  DtuMOBd  or  B«vlkitenil  Tnmoiit.     Fig  15.     In  the  "dia- 
mond" or  "equllaterar*  turnout,  we  have : — 
(compare  Lateral  turnout,  f  51.) 
r  =  tnmout  curr  cen-line  radius,  Ot  o. 


U  (=  r  +  0/2)  =  OtD  =  r*cot 

4  'Ji  SID  Va  I  ^     —    « 

(49) 
L  =    (T  +  I)  X  C0B(«/2)   +  (T  +  W)  X  C0B(F/2)    (00) 

Comparison  of  Dimensions  between  a  diamond  turnout  and  a 
turnout  from  straight  track,  with  given  frog  and  switch  angles. 

With  F  =  8M2^  =  ^.15);  s  =  2"  ;  G  =  4' 8.5" 
=     4.70833...    ft;        I  =  16  ft;  fif  =  0.5  ft ;  W  =  5ft; 


Straight 

Dlamd/Strt 

T 
R 
L 

20.1285 

768.6760 

61.1903 

20.1782 

385.0226 

61.0893 

0.9975 
1.9964 
1.0017 

DE^ 


0/2  -  flf/2  -  W8ln(F/2) 
•T  =  

Bln(</2)  +sin(F/2) 

0/2  -  8/2  -  Tr8ln(F/2) 


Bln%(F  +  ») 


=  2jjsin^j;i',y-Gr^ogle 


80 
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63.  RadliM  and   Lead.    Fig    15.     Radios,  re,  and  lead,  Le,   ox 
connecting  curv,  p  q,  for  diamond  turnout. 

Let 
d  —  O  =  dlst  betw  gage-sides  of  inner  rails; 
re  =  Oep  =  center-line  radius  of  connecting  curr,  pq; 
K  =  dlst  from  frog-heel  to  tbeoret  frog-point,  P; 
Lc  =  P  Q  =  lead,   from   theoret  f  rog-iK)lnt  to  end  of  connecting 
curv ; 

1 
F  =  frog  angle;    N  =  frog  number  =  -cot(F/2). 

2 
Then 

(re  -  0/2)  vers (^/2)   =   (d  -  0)/2  -  Ji:Bln(F/2).      Hence, 

d  -  G  K 

re  = 4-  G/2;     (51) 

2verB(F/2)  tan(F/4) 

Le  =  PJ  +  JQ  ==  N  {d  -  O)  +  (re  —  Q/2)  X  ton(F/4)   ...(5_M 


Flgr.  16. 


Croaaovera. 

54.  Figs  16,  17.  When  the  connecting  track  Is  a  taniront 
(Fig  16),  the  two  frog  angles  are  necessarily  equal.  When  it  is  a 
reverse  curv  (Fig  17)  they  are  preferably  equal. 

W^lth  atralsrbt  connecting  track*  E  E'.     Fig  16.     Let 
R    =  O  E  7=  outer-rail  gage-side  radius  of  turnout  curv ; 
T    =r  semltangent  of  turnout  curv ; 
d    =  dlst  betw  main- track  center-lines ; 
Q  =.  track-gage; 
d    —  O  =  dlst  betw  gage-lines  of  inner  rails ; 
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k  =  pp"  =  dlst  betw  tbeoret  frog-polntg,  P  and  P*, 

g  with  main  tracks; 
{7   =  PP"*    =  dlst  betw  theoret  frog-polnt%  P  rnnH  P*, 

I  with  connecting  track; 
■R"  =  dlst  from  theoret  frog-potiit,  P,  to  frog-toe,  E; 
I     =  switch- length. 

Then: — 
T  =  «taii(A/2)  ;       L  :=z  L'  =   (T  +  I)  coat  -\-   (T  +  W)  cosP; 

d  -  O  O 

t    =P0   —   P^QzzPQ  —  P'0'   = 


tanP 


slnP 


A.Y  =  L  +  k  -{■  L'  2=  k  +  2L; 

d  -  G 
U  =  PQ'  —  P*^  Q'   z= 


G 


8inP 


tanP 


.(53) 


For  unit  change  In  the  value  of  d,  the  corresponding  changes  Id 
*  and  in  U,  respectlvly,  are: — in  k,  change  =  cotF;  In  U,  change 
=  cosecP. 


Flff.  17. 


S5b  Wltk  reverat  connectliiir  cnrr.    Fig  17. 

The  nee  of  a  reverst  connecting  curv  economizes  space,  especially 
where  the  two  tracks  are  spaced  wide  apart  and  where  the  frog- 
angle  is  small.   The  radius  is  usually  that  of  the  turnout  curv. 

Let 
f  =  frog  angle; 

A  =  sweep  of  either  branch  of  reverst  connecting  curv ; 
r  =  center-line  radius  of  reverst  connecting  curv ; 
ii  =  r  +  G/2 

=  outer-rail  gage-side  radius  of  reverst  connecting  curv ; 
^  =  dist,  from  theoret  frog-point,  P,  to  frog-heel. 
*  =  dist,  parallel  with  track,  betw  frog-points,  P  and  P'. 

Then  :— 

rcos(P  +  A)   =  «cosP  +  ^sinP  —    (d  — 0)/2  ; 

k/2  =z  rsin(P  +  A)  —  R  sin  F  -\-  K  cob  F ; 


PP'  -  V/k»  -f-   (d  -  G)* 


.-vGoogle^''^*^ 
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Doable  Tamont. 

56.  Fig  18.  Double  point-switch  tumont  from  opp  sides  of  tin* 
gent  Let  the  two  main  frogs,  P,  be  of  equal  angle  and  tSiefcrort 
opp,  and  let 

r     =  turnout  center-line  radius; 

R    =  O  ^  =  r  -f  G/2  =  outer-rail  gage-side  radius ; 

Ae  =  sweep,  DO Pe; 

Te  =  semi  tangent  of  cunr  DP«; 

W    =  B  P  :=  dlst  from  main  frog-toe,  B,  to  theoret  froff-polnt  P; 

8     =  switch-heel  spread  ; 

8      =:  switch  angle; 

I      =  J.  i>  =  switch  length ; 

N,  F,  =  main  frog  number  and  angle ; 

Ne,Fe  =  crotch  frog  number  and  angle; 

L  =  B  P  =  lead  to  main  frog,  P; 

Le  =z  aPc  =2  lead  to  crotch  frog,  Pe. 


Vim.  18. 

Then : — 

Fe  A«         F»  —  A* 

—  =  A«  +  «;        DPcaz=V0m  =  8-\ =  

2  2                  2 


Fc         r  0/2  —  WsinF 

Cos —  =  —  =  cosF  -f  

2  R  R 


cosF  = 


Ofln 


Nc  = 


cot(Fc/2) 


To  = 


G/2  -  flf 


DPc   = 


Bin*  -f  8ln(Fc/2) 
0/2  -  S 


=  2 /J  sin 

sin(«  +  Ae/2)  2 
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R 


DPt 


=  r«cot(Ae/2)    = 


G/2  -  B 


2Bln(A*/2)  2glii(AV2)8ln(«H-Ac/2) 

=  L  -  Wcosf  -  12   [(BlnP  -  8ln(Fe/2)] 

Fc  —  A* 
=  I  cost  +   iO/2  —  S)  cot 


=     {Te    +    I)  C08«    +    reC08(Fe/2)  . 


.(55) 


97.  Layout.  Pig  19.  Ordinarily,  the  yard  or  "body"  tracks, 
"!.  ^,..  '  ®**^'  "^^cht  by  a  ladder,  are  parallel  with  the  main  (or 
"drill  )  track,  1;  the  ladder  Is  straight,  from  Pi  to  P^  etc;  the 
yard  tracks,  2,  3,  4,  etc.,  are  straight  from  the  ladder  frogs,  P,, 

L?  ^'\  *"^  ***®  ^^  ^>  l>«*^  ceng  of  adjacent  parallel  tracks  is 
constant. 


Vim,  19. 


58.  Dlataiieea.  The  frog  angles,  F^  Ft,  etc.,  betw  drill  track 
and  ladder,  and  betw  ladder  and  yard  tracks,  are  then  equal ;  and 
the  dists,  Ai  At,  A%  At,  etc.,  betw  consecatiy  switches ;  those.  Pi  Pt, 
P,  Pa,  etc,  betw  consecutlv  frogs ;  and  those,  T'l  r^  F,  V^,  etc.,  betw 
consecutiy  intersections,  measured  I|  with  the  ladder,  are  all  equal, 
and  FiFi  =  d/sln  P.  (But  see  1(60.)  For  unit  change  in  the 
▼aloe  of  A,  the  corresponding  change.  In  d/slnF,  is  l/sinP  = 
cosecP. 

58.  The  mifUtnum  alloioahle  dUt,  along  the  ladder,  betw  a  frog 
point,  as  Pi,  and  a  point  opp  the  switch-toe.  At,  of  the  next  turn- 
out, is  about  10  ft 

611.  "Under  ordinary  conditions,  body  tracks  should  he  spaced  13 
to  14  ft  centers,  and,  where  they  are  parallel  to  main  track  or  to 
other  important  running  track,  the  first  body  track  should  be 
spaced  <  15  ft  centers  from  such  main  or  other  important  track. 
Ladder  tracks  should  be  spaced  <  15  ft  centers  from  any  parallel 
track."     Am  Ry  Engng  Assn,  Manual,  1915,  p  469. 

61.  Frogr  Hnmbers.  Steam  railroad  yards  commonly  use  No  7 
and  No  8  frogs ;  less  commonly  No  6.  For  general  use  in  ladders, 
the  Am  Ry  Engng  Assn  (Manual,  1915,  p469)  recommends  frogs 
of  not  lower  No  than  No  8. 
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4I2.  For  ecoBomy  of  apace*  tbe  Iadd«r  may  be  led  off  from  t1i« 
drill-track  frog  by  a  curv,  A.  B,  Figs  20.  21 ;  so  as  to  form,  wit.*i  tbe 
drill  track,  an  angle,  $,  greater  than  the  frog-angle,  F. 


Flff.  20. 


03.  Tracks  parallel.  Fig  20.  The  yard  tracks  tben  leav  tbe 
ladder  by  similar  and  equal  turnouts  and  cnrvs  In  tbe  opp  directioo, 
thus  remaining  parallel  with  tbe  drill-track. 


64.  Nomenclntnre  and  FormalMu     Fig  21.     Let 

U    =     dist,  PI,  betw  any  tbeoret  frog-point,  P,  and   the  inter 

section,  /; 
K     =     dlst  betw  frog-beel  and  tbeoret  frog-point: 
R     s     outer-rail  gage-side  radius  OA     =     OB  (equal  In  all  thf 
curvs). 
Tben 

U»ine     =     RyevBie  —  F)     +    KBin(0  —  J^)      (36» 

66.  Fig  20.  Dlst  betw  switches,  betw  frogs  and  betw  Intersec- 
tions (see  II  68)  =  d/Bln$;  and  unit  change,  In  d,  changes  d/sln*' 
by  l/sln  $. 
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M.  Double  (three-throw)  tnmovts  (see  11182-4)  are  also 
ased  in  connection  with  ladders. 

In  such  cases,  resort  may  be  had  to  graphic  methods. 
See  also  f  73,  Yards  and  Stations,  p  1009. 

Tomont  from.  Curv.    (Point  Swlteh). 

€7.  Compotlnir  ts.  draftlnsr.  Exact  equations,  for  the  dimen- 
sions of  point-switch  turnouts  from  curvs,  would  be  very  compli- 
cated ;  and  problems,  involving  such  dimensions,  are  best  solvd 
by  means  of  drawings  to  liberal  scale.  The  subject  is  dlscust 
mathematlcallv,  in  "Track  Formula  and  Tables",  by  S.  S.  Roberts; 
New  York,  Jolm  Wiley  4  Sons. 

48.  SharpMeaa  DUferenee.  In  general,  and  for  practical  purposes 
(eTen  with  straight  switch-rails  and  frog-rails),  tne  sharpness  diff, 
betw  the  main  and  turnout  curvs,  for  a  given  irog-number,  may  be 
taken  as  equal  to  that  of  a  turnout  from  straight  track,  with  the 
same  frog  number,  as  in  If  26. 


69.  Ijoad.  Figs  22.  For  a  given  frog  number,  the  lead  may  be 
taken  as  approximately  equal  to  that  figured  for  a  turnout  from 
a  tangent,  by  eq  10 ;  but,  In  his  Notes  on  Track,  p  373,  Mr.  W.  M. 
Camp  gives  the  following: — 

Let  La     =     lead  for  turnout  from  tangent.  Fig  (a)  ; 
Irtf     =     lead  for  turnout  from  curvd  track  with 


Figs  (6),  (c). 
D     =     main  line 


same  frog, 
frog  number. 


line  curv  sharpness ;    N     = 
Then 

Le     =     L,     ±     D    (AV12)" (57) 

plus  when  tumoat  leavs  inside  of  curv    (Fig   b),  and  vice  versa 
(Fig  c).     This  givs  results  as  follows  when  D     =     3"  : — 


Lead                                                         | 

N 

Fig  a 

1 

Fig  6 

Fig  0 

4 
12 

87.05 
97.25 

37.38 
100.25 

36.72 
94.25 
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CURVS 
SUfPLE  CURVS 

GSNBRAJL 
DeflBltlonji 

(For  eqnations,  see   f  f  25,  etc) 

1.  Flff  4a.  A  railroad  llae»  a  h  o  ,  .  .  f.  \s  vmxulUj  an  alter 
dation  of  curv8»  ho,  de,  etc ;  and  of  straiffbt  lines,  ao,  o4,  etc. 
which  are  commonly  called  "tangents"  because  tbey  are  neceaaarily 
tangential  to  the  curvs. 

FliT  1.  in  a  circular  or  simple  railroad  earv»  the  center  line. 
AP B  of  the  track  (or,  if  not  level,  its  projection  on  a  horlsontal 
plane)  is  a  circular  arc. 

FliT  1.  Imagin  the  tangents,  XA  and  B  Z,  at  the  ends  of 
the  cury,  A  B,  produced  to  their  Intersection,  V.  Then  the  equal 
dists,  AY,  y  B,  are  called  the  semltansents. 


FliT.  1. 


2.  For  the  points  of  change  from 
use  the  symbols  adopted  by  the  Am 
Recommended   Practice,  1915,  p  186,  i 
For  circular  cnrrs 
T.  C.  From  tangent  to  curr  ; 
C. T.       **      curv        "  tangent; 
C. C.       •*      curv        *'  curv; 

For  spiral  corvs  See  p  968,  \  201. 


tangent  to  cnnr,  etc,  etc,  w* 
Ry  BBS  Aass,  Mannal  of 
ls  follows: — 

Hitherto  caUed 
Point  of  cunr,  P.  C. 
Point  of  tangent  P.  T. 
Point  of  compound  or 
of  reverst  cnrv, 
P.  C.  C.  or  P.  R.  C 
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The  p«lnt  of  enrv,  Fl«r  1,  T.  C^  la  the  beginning.  A,  of  the 
cunr,  or  that  end  of  it  which  Is  first  reacht  by  the  location  in  Its 
progress. 

Tlie  point  of  tanirent,  C.  T.,  Is  the  other  end,  B,  of  the  curr. 
The  -vertex,  point  of  Intersection,  P.  I.,  or  apex,  is  the  point, 
V,  where  the  two  tangents,  produced,  A  V  and  V  B,  meet. 

LOCATION. 
Cnrr  Fnactlona  and  their  Symbols 

3.  Ftcr  !•  Llat  of  the  fuaetlona  of  an  entire  curv.  For  that 
portion  of  a  curr  subtended  by  a  unit  chain,  see  V  9. 

Functions  Symbols 

Sweep  (central  angle,  see  f  10)    A     =  AO  B=     FVB 

Radius     R     —  O  A     =     OB 

Long  Chord    O     =  AB 

Semltangent    T     =  AV     =     V  B 

EJitemai  distance   E     =  PV 

Tangent  offset,    (nerp  to  tangent   A  V 

orBV)    r     =  BB 

Tangent  distance  (making  A  F  =  A  B) =  B  F 

Middle   ordinate    M      =  HP 

Side  ordinate,  distant  x  from  M i/« 

Middle  ordinate  for  ^2   Mh 

4.  Loentini:  points  on  Curvs.  Fisr  2.  Where  the  radius  R,  is 
very  short,  it  is  sometimes  practicable  to  locate  the  center,  O,  of 
the  curv,  and  to  describe  the  center  line  on  the  ground,  using  a 
steel  tape  for  the  radius;  but,  ordinarily,  the  center  is  not  located, 
and  points,  a,  h,  etc.  In  the  curv,  are  located  by  setting  the  transit 
at  a  Known  point  In  the  curv  (as  the  T.  C,  at  ^),  laying  off  known 
peripheral  angles,  v  A  a,  v  A  b,  etc,  from  the  tangent,  A  v,  and  meas- 
uring chords,  A  a,  ah,  be,  etc.  of  the  proper  calculated  lengths. 

5.  Chords  and  Chains.*  In  practice,  these  chords  (except  the 
first  and  last,  see  II  24)  are  o-f  equal  length,  equal  (or  nearly  equal, 
see  f  20)  to  thnt  of  the  tape  (usually  100  ft  or  20  meters  long) 
used  in  the  location  of  the  line,  and  are  called  "chains,"*  in  order 
to  distinguish  them  from  other  chords,  as  A^,  b  d,  etc,  which  may 
be  drawn  to  the  curv. 

d.  The  eannl  peripheral  angles,  a  Ab,  b  Ac,  etc,  subtended  by 
these  equal  chains,  are  called  deflection  angles.  Each  is  equal  to 
D/2  =  half  the  corresponding  central  ansle,  a  Ob,  b  O  c,  etc. 

7.  Tangential,  Deflection  and  Central  Angrles.  Samuel  W. 
Mifflin,  '^Methods  of  Location  for  Railway  Engineers",  1837,  called 
the  angle,  ccri(=  cOg  =  D/2),  the  "tangenlial  angle",  as 
being  the  angle  betw  a  chain,*  c  d,  and  the  tangent,  c  e,  at  its 
either  end.  In  this  Mifflin  followed  Col.  Stephen  li.  Long.  U.  S.  A. 
("Railroad  Manual',  1829),  who  gave  the  name,  "defleciion  angle", 
to  the  angle,  fed,  betw  a  chain,  c  d,  and  the  extension,  o  f,  of  a 
consecutive  chain,  b  c;  it  being  equal  to  the  angle,  eh  d  (betw  the 
tangents,  ee  and  hd,  at  the  two  ends  of  a  chain,  cd),  thru  which 
t?i€  line  deflects  within  the  dist  subtended  by  a  chain.  It  is  equal 
to  the  central  angle,  D  =  cO  d,  subtended  by  a  chain,  c  d. 

8.  We,  in  "The  Field  Practice  of  Laying  out  Circular  Curvs  for 
Railroads"  (first  edition.  1851),  and  Mr.  William  Findlay  Shunk, 
in  *'The  Field  Engineer",  1880,  followed  this  nomenclature.  Now, 
however,  usage  calls  ecd  the  <<deflectlon  angle''  or  simply  the 
"deflection"  (as  indicating  a  deflection  of  the  line  of  sight)  and 
calls  D  (   =  fed)  the  ^degree  of  curv".     See  Sharpness,  H  11. 

*The  use  of  the  word  "chain",  to  designate  such  a  chord,  sur- 
vives from  the  days  when  survey  tapes  were  unknown,  and  when 
the  measuring  was  done  by  means  of  chains  made  up  of  wire  links. 
The  standard  full  length  of  such  a  chain  was  called  "one  chain." 
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9.  Figs  1  and  2.  In  that  portion  of  a  curv,  as  ah.  Fig  2,  sub- 
tended oy  a  unit  chain*,  c,  we  have  sweep,  A  =  -D,  and  we  desl)?- 
nate  the  several  other  functions  by  "lower-case"  instead  of  by 
capital  letters.     Thus ; 

the  letters C  T  E  Y  M  Mx  and  J/*,   Fig  1.  U  3, 

become,   respectlvly    . .   c  t  c  y  m   vix  and  nih,  in  the  arc  o  6,  Fig  2. 

10.  Pip:  1-  The  Kweep,  A.  of  the  curv.  Is  the  angle.  A  O  B, 
swept  out  by  the  radius,  Ji,  and  subtended  by  the  curv.  It  Is  also 
the  angle,  FVB,  swept  out.  by  the  tangent  in  swinging  from  VF 
to  V  B.  It  is  therefore  the  total  deflection  of  the  line,  due  to  thp 
curv ;  or  it  is  the  Intersection  angle  betw  the  two  tangents.  Cnch 
portion  of  the  curv  of  course  has  also  its  own  sweep. 


Flsr.  2. 

11.  VIk  2.  The  RhnrpnewiK,  (commonly  called  the  '<defcree  of 
curvature")  is  usually  exprest  by  the  sweep  or  central  angle,  D. 
(=  aOh  =  h  O  c,  etc)  subtended  by  a  chain*,  ah  or  bo;  i.  e.. 
sharpness  =  the  deflection,  ehd,  of  the  line,  in  a  length  of  one 
chain.  A  "one-degree",  "two-degree",  "three-degree-thlrty-minute", 
etc  curv  Is  one  whose  sharpness  is  1**,  2**,  3*30',  etc.    See  f  14. 

12.  Fig  2.  But  sometimes  (especially  where  the  metric  system 
is  used)  the  curv  is  named  for  its  peripheral  chain  angle,  cbd  =z 
cAd,  etc,  or  angle  subtended  at  the  circumference,  as  at  b  or  A. 
A  given  curv,  called 

1*  00',  2*,  3'  30',  etc,  after  its  central  chain  angle,  would  be  called 
0"  30',  1",  1"  45',  etc,  after  its  peripheral  chain  angle. 
We  follow  the  definition  of  !f  11. 

13.  Fig  3.  When  curvs  are  located  by  means  of  short  chains* 
(»ee  H  10),  the  sharpness  is  sometimes  taken  as  the  sweep  sub 
tended  by  a  series  of  such  chains,  the  sum  of  whose  len^hs  is 
equal  to  the  standard  unit  chain.  Thus,  a  curv,  apb.  In  which  & 
Rprles  of  two  chains,  a  p,  p  h,  of  50  ft  each,  subtends  an  angle  of 
D",  Is  then  called  a  D**  curv.  altho  It  is  sharper  (has  a  shorter 
radius,  R3  =  Ob)  than  the  /)•  curv,  APB  {Ri  =  OB),  in  which 
the  same  angle  of  D"  is  subtended  by  a  single  chain,  A  B,  of  100  ft. 

14.  Fig  1.  In  countries  other  than  the  U.  S.,  the  sharpo^ses  of 
curvs  are  often  designated  by  the  lengths  of  their  radii,  B  =  OA 
=  O  B,  etc.    The  greater  the  sharpness,  the  shorter  is  the  radius. 

15.  Graphic  representation  of  cnrrature.  In  Fig  4. 
the  center  line,  af  (Figs  a  and  b)  and  the  rectangles  (Fig  b)  below 
and   above   it,   represent   the   supposititious   case   tabulated   below. 

•The  use  of  the  word  "chain,"  to  designate  such  a  chord,  sur- 
vives from  the  days  when  survey  tapes  were  unknown,  and  when 
the  measuring  was  done  by  means  of  chains  made  up  of  wire  links. 
The  standard  full  length  of  such  a  chain  was  called  "one  chain." 
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Since  the  abscissas,  ab,  ae,  etc,  Fig  h,  represent  dists  along  the 
line,  while  the  ordinates  represent  sharpness  of  curvature,  the 
areas  of  the  rectangles  represent  the  svcccps  of  the  cunrs,  or  the 
df^flections  of  the  tangents  from  each  other.  Similarly  with  por- 
tions of  the  rectangles ;  thus,  the  area  of  the  rectangle  on  &'  o  repre> 
Bents  the  sweep  of  the  portion,  h'  c,  of  the  simple  cury,  4  c 

P 


Figr. 

16.  The  inclined  lines  (Fig  4  b)  represent  easements  of  the  ends 
of  the  curvs  by  means  of  spirals  (see  p906).  Since  the  positions 
of  the  tangents  are  not  changed  1^  the  Introduction  of  the  spirals, 
the  sweeps  of  the  currs,  and  the  areas  representing  them,  remain 
unchanged  also.  Thus,  area  of  trapezoid  on  i^  C  =  area  of  rec- 
tangle on  b  c. 


[if:; 


Fig.  4a 


^    Fig.  4b 


'-^^.  . L  -P^ 
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Figr.  4.    Graphic  Representations  of  Curratare 
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RAILROADS. 


Chains*.     Cnrr  Leiiirth 

17.  The  unit  of  railroad  and  of  curr  meaauremeat  is  usually 
either  100  feet  or  20  meters  (=  say  65.617  ft). 

1&  rail  chain*.  It  Is  usual  to  make  tbis  (100  ft,  or  20  meters) 
the  chain  length;  and  the  length  of  the  curv  Is  then  stated 
{approximately)  as  being  equal  to  the  sum  of  the  chain  lengths 
used  in  locating  it.  Thus,  Fig.  6.  in  the  curv,  A  a  h  c  B,  the  length 
is  taken  as  being  =  Aa-fab-j-  bo  -^  c  B,  measured  along  these 
chorda,  =  43  -)-  200  -f  36.7  =  279.7  ft.  The  true  length  of  the 
curv  is  of  course  slightly  greater  than  this.     See  p  002.   . 

19.  Short  chain.*  Sharp  curvs  ore  usually  located  by  means  of 
a  short  chain  whose  length  is  half  or  quarter  that  of  the  standard 
chain,  or  less;  these  short  chains  subtending  correspondingly 
smaller  central  angles.  Thus,  where  the  standard  chain  is  100 
feet,  chains  (tape  lengths)  of  50  or  25  ft  or  less  ore  used  on  such 
curvs.  In  general,  the  chain  length  used  is  not  greater  than  from 
one-twelfth  to  one-eighth  of  the  radius  of  the  curv.  The  sum  of 
a  series  of  such  short  chain-lengths,  subtending  a  given  arc,  is 
evidently  greater  (more  nearly  equal  to  the  length  of  the  ore  it- 
self) than  is  the  sum  of  standard  unit  chain-lengths  subtending  the 
same  arc.    See  f  18. 


Fis.  6. 

20.  Dimlnlsht  chains*.  If,  on  curvs,  the  rear  chainmon  holds 
the  tape  with  a  properly  calculated  small  rending;  (instead  of  the 
zero  mark)  at  the  stoke,  thus  slightly  diminishing  the  eflTectlv 
unit  "chain"  length,  the  arc  subtended  is  thereby  reduced  to  the 
full  unit  length,  the  stated  length  of  the  curv  Is  made  to  corre- 
spond with  its  actual  (curvd)  length,  and  certain  formulas  (1142) 
for  finding  curv  functions  (otherwise  only  approz)  are  renderd 
exact 

21.  Sharpnesa,  an  affected  by  the  uae  of  dimlnlnht  chainM*. 
Fig  5  y.    In  the  curv,  ced,  let  the  full  "chain",  c  =  c  d  =z  100  ft, 

•The  use  of  the  word  "chain."  to  designate  such  a  chord,  sur- 
vives from  the  days  when  survey  tapes  were  unknown,  and  when 
the  measuring  was  done  by  means  of  chains  mode  up  of  wire  links. 
The  standard  full  length  of  such  a  chain  was  called  "one  chain.** 
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subtend  a  central  angle,  D  =  e  O  d  =  60*.  Then  ced  in  a  60* 
cuzT,  and  its  deflection  angle,  D/2  =  mod  =  30*.  To  run  the 
■ante  enrv  wltb  a  diminisht  chain,  c^  =  o  e  (=  95.89  ft.  ^  22) 
we  must  use  a  deflection  angle,  m  c  e,  of  onlj  28*  39%  and  D',  (  = 
cO  €)  =  57*  18'.  Thus,  the  use  of  dimlnisht  chains  makes  a 
given  cunr  nominally  flatter. 

22.  Fig  5  Z.  If,  with  diminisht  chain,  c'  =  a  b.  we  use  the 
■ame  defleetiea  ansle,  (n' ah  =  nfc),  as  with  the  full  chain, 
(o  =  fc)f  we  shall  obtain  a  sharper  curr,  ah  (radius  =  O  a) 
than  with  the  full  chain,  which  would  give  the  curv  f  o,  (radius 
=  O  f).  Thus,  the  use  of  the  diminisht  chain  makes  a  nominally 
equal  curv  actually  sharper. 

In  Figs  5  Y  and  5  Z,  the  functions  compare  as  follows : 
(Q  =  a/c  or  a'/c') 
Fig           «,  ft     «',  ft       D         D'       0,  ft     a',  ft      c,ft     C,ft        Q 
5    r         100.00 60*00' 104.72 100.00 1.047 


-100.00- 


-57*18'- 


100.00- 


-60*00'- 


-104,72- 


-100.00- 


-100.00- 


-95.89  1.043 
-1.047 


95.49- 


-60*00'- 


-100.00^ 


-95.49  1.047 


23.  Stations.  As  on  the  tangents,  the  end-points  of  chains,  on 
curvB,  are  called  "stations" ;  but  the  name,  "station".  Is  often 
(loosely)  applied  to  the  dUtanoe  hetKcen  two  such  points. 


FlK. 


24.  <<Plas"  Ktatlonsi  Sub-chalnn.  Fig.  6.  It  can  only  acci- 
dentally happen  that  a  curv  begins  or  ends  exactly  at  a  station  of 
the  location.  In  other  words,  the  T.  C.  and  the  C.  T.  nearly  always 
fall  hettpeen  stas,  i.  e.,  at  a  "plus"  stn,  as  at  sta  A  =  20  -f  57. 
or  at  station  B  =  23  +  36.7 ;  and  this  necessitates  the  use  or 
a  sub-chain,  A  a  or  oB,  and  a  sub-angle,  FAa  or  V  Bo  (V  B  o  =r 
c  A  B),  9X  one  or  at  both  ends  of  the  curv.    See  UK  44,  etc 
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Proposltlonn  of  frequent  application 

25.  Fig  7.  Similar  triansies,  and  ratios  between  chord  MfC- 
menta.  Let  O  7  be  a  diarn  of  the  circle,  AV  B  O;  let  AB  i  = 
C)  be  a  chord  perpendicular  to  OV  and  bisected  at  H:  let  0.\. 
A  F  be  chords  in  the  semi-circle,  OAV;  and  OB,  BY,  chords 
in  the  semi-circle,  OBV;  let  AV  (  =  V B)  =  semitangent,  I; 
and  OA  {  =  OB)   =  radius,  -R,  of  the  curv,  APB. 


Then  the  3  right  triangles,  O  H  A,  AHV  and  O  AV  tire  sImlUr: 
as  are  also  OHB,  BHV  and  OBV;  angle.  OAV  {  z=^  OBVs, 
betw  /2  and  r,  =  90' ;  AH  =  Hi?  =  C/ 2 ;  and 


From  similar 
triangles 
OHB,  BHV; 

OBV,  BHV; 

OBV,  OHB; 


We  have 

OH  :    HB  =  HB  :  HF; 
OHXi/F=  (Cy2)«; 

OV  :    VB  =  VB  :  HV ; 
OV  X  HV=  r«; 

or  :    OB  =  OB  :  OH; 
OV  XOH  =  R*; 


Hy=  (C/2)«-^0H   (1> 

Hr  =  r«/or  (2) 

OHz=R*/OV <3t 


26.  Fig  8.  Annrlea  between  two  ciiorda*  between  two  tan- 
0ents»  and  between  a  chord  and  a  tannr^Bt.     Valves  of  A/^ 

Let  APB  be  the  arc,  and  A  B  the  chord,  subtending  the  central 
angle,  AO  B  =   A   =   FV  B   =  AOd  +   dOB   =  AOe  +  eOB 

Then 

A/2     =     angle  betw  the  tan,  A  V,  at  A,   (or  tan  F  B,  at  B)  and 
the  chord,  A  B 

—  external  angle  betw  any  two  chords,  as  A  d  and  d  B,  or 
A  e  and  e  B,  drawn  to  the  arc  from  A  and  from  B 
respectively 

=      (A  Od  +  dOB)  /  2  =  (AOc  -I-  cOB)  /  2 

=  the  peripheral  angle,  ABB  =  VAB  =  FB.4. 
subtended  by  the  chord,  A  B (4 » 

27.  Small  angles,  (such  as  the  deflections  usual  In  steam  rail- 
road work),  are  approx  proportional  to  their  sines*  and  less 
nearly  proportional  to  their  tangents.  This  fact  may  be  used  to 
facilitate  many  calculations.  .    ^-,^,^ 
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Thus,  for  any  small  angle,  -d,  we  have, 
approx :     sin  0"  V      :     sin  A     =     1  minute      :     A,  In  mlns ;       or 

A  mlns     =     sin  A    -r-    sin  0'  1'     =     3437  sin  A; 

Bin  A   z=  A  mlns  x   sin  0*  1'  =  0.0002009  J.  mlns.  .  (5) 
Similarly  (approx)  tan  A=A  mlns  X  tan  0*  1'  =  0.0002909  A  mins. 


Fis.  8. 


Ebcample.  With  100  ft  chain;  given  radius,  R,  =  1300  ft; 
required  the  sharpness,  D,  of  tlie  curv.  Here,  sin  (D/'2)  = 
50/1300;  and  D     =     4*24'  30.44". 

Approx,  D/2  in  mlns 
=     sin   (D/2)    -T-    sin  0' 


50 
1300 


Bin  0**  1' 


Hence,  D  approx     =     264.442  mlns      = 
».1)0975  D. 
Conversely ;  given  D 

50 


R     = 


Bln(Z>/2) 
R  approx     = 


1' 

=     132.221. 

D    —    0.065  min      = 
=     4*  24',  required  the  radius,  R.     Here 

1302.497  ft. 

50 


(D/2) In  mins  X   sin  0"  1' 

=     1302.177  ft     =     0.99975  R. 

Such  operations  are  conveniently  performd  with  the  •Ude-rnlCr 
pp  73  etc. 
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RAILBOADS. 


Errors  of  Approximation. 

Let  A  be  in  minntes;  and  let 
A  sin  0*  1' 


a  = 


sin  J. 


T  = 


A  tan  0»  r 


tan  A 


Then:— 


for^  = 

fif  = 

r  = 

forA  = 

S  = 

r  = 

0-30' 

1.000018 

0.099905 

6'0' 

1.001830 

0.996342 

1-  0' 

1.000051 

0.099898 

7*0* 

1.002492 

0.995020 

2-  0' 

1.000203 

0.999594 

S^O' 

1.008267 

0.993403 

8*  V 

1.000457 

0.999086 

10*  y 

1.005095 

0.989825 

4-  0' 

1.000818 

0.998375 

20*0' 

1.020600 

0.959050 

5-  (K 

1.001270 

0.997460 

28.  Relations  between  At  I>»  »»  R»  I'*  mnd  Ii«.   Fig  9. 

In  any  circular  curv.  let 

circumf 
R     =r     radius ;    ir   =   — ;    A   =   sweep ;    C  =  long  chord  ; 


diam 

»     =     curv  length,  AP  B,  measured  on  the  arc. 

T  R     =     geml-circumf  (subtending  180')  ; 

R 

=     arc  subtending  1^  ;  and  (A  in  degrees) 

T  R  ^     180  L« 

180   *  ~        T  R 


180 

La     = 


and    R    = 


Then  :— 


180  !.« 
T  A 


.(6) 


Let  o  =  chain  length,  in  f t ;  a  =  unit  arc,  in  f t :  n  =  number 
of  chains,  c,  or  of  unit  arcs,  a,  in  the  curv*  ;  D  =r  sharpness ; 
Lc  =  cury  length,  A  P  B,  measured  on  chains,  =  sum  of  lengths 
of  chains.     Lm     =     true  curv  length.     Then : — 

•Usually  n  Is  a  mixt  number.  Thus,  with  two  chains  of  100  ft 
each,  and  sub-cbalns  of  83.6  ft  and  21.8  ft  respectively,  we  have 
n     =     2    -f    0.336    -f    0.218     =     2.554. 
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With  Jutt  chain,  f  18 

With  diminiaht  chain. 

1120 

D 

Bin  — 
2 

0/2 

.(7) 

180  a 

-  rill 

r  R 

A      = 

nD    

.(8) 

A    ~    »fi    .... 

..(12 

c/2 

180  L« 
R     —        -    —    — 

180  a 

..(13j 

sin  (D/2) 

wA' 

wD* 

= 

c 

.(9) 

2sln(l>/2) 

Le      = 

no; 

L«     =     » o; 

»     == 

Lc/c    =     ^D    .., 

(10) 

n     =     L«/a     = 

A/-D 

..(14 

an.  BeMce,  for  the  radios,  Rf,  in  feet,  or  Rtn,  in  meters, 
have : — 


On  any  curv           |               On  a  1 

•  carv 

Curv   meaaured  by 

IIS 

100-ft 
chain 

20-meter 
chain 

100-ft 
chain 

20-meter 
chain 

Radiaa 

Rr  = 

Rm=: 

Rr  = 

R«  = 

With 

foU 
chain. 

60  ft 
sin  (0/2) 

10  m 

50  ft 

10  m 

Bin  (D/2) 

Bin  0-  30' 
=  5729.650  ft 
=  3.75?  1281 

Bin  0- SO' 
=  1145.9301 
=  3.05^158 

Carv  measured  by 

f  20 

lOO^ft 
arc 

20-meter  1          100-ft 
arc       1             arc 

20-meter 
arc 

Radiua 

Krr= 

nm  = 

Rr  = 

R«  = 

With 

dlminisbt 

cluiin. 

18,000  ft 

w  D 

3,600  m 

18.000  ft 

T 

=  5729.578  ft 
=  3,75Sl226 

3600  m 

T  D 

=  1145.916  1 
=  3.05f  152 

Eqs  (15) 


Eqs   (16) 


61 
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D    R 

loiTR 

D    R 

loffR 

D 

R 

loffR 

C* 

1» 

3" 

0'  Infinite 

Infinite 

0'  5729.6S 

3.758128 

0' 

2864.93 

3.457115 

1  343775. 

5.536274 

1  5635.72 

3.750950 

1 

2841.26 

3.453511 

2  171887. 

5.235244 

2  5544.83 

3.743888 

2 

2817.97 

3.449937 

3  114592. 

5.059153 

3  5456.82 

3.736939 

3 

2795.06 

3.446392 

4  85943.7 

4.934214 

4  5371.56 

3.730100 

4 

2772.53 

3.442876 

5  68754.9 

4.837304 

S  5288.92 

3.723367 

5 

2750.35 

3.439388 

6  57295.8 

4.758123 

6  5208.79 

3.716737 

6 

2728.52 

3.435928 

7  49110.7 

4.691176 

7  5131.05 

3.710206 

7 

2707.04 

3.432495 

8  42971.8 

4.633184 

8  5055.59 

3.703772 

8 

2685.89 

3.429089 

9  38197.2 

4.582031 

9  4982.33 

3.697432 

9 

2665.08 

3.425710 

10  34377.S 

4.536274 

10  4911.15 

3.691183 

10 

2644.58 

3.422356 

11  31252.3 

4.494881 

11  4841.98 

3.685023 

11 

2624.39 

3.419029 

12  28647.8 

4.457093 

12  4774.74 

3.678949 

12 

2604.51 

3.415727 

13  26444.2 

4.422331 

13  4709.33 

3.672959 

13 

2584.93 

3.412449 

14  24555.4 

4.390146 

14  4645.69 

3.667051 

14 

2565.65 

3.409197 

15  22918.3 

4.360183 

15  4583.75 

3.661221 

15 

2546.64 

3.405968 

16  21485.9 

4.332154 

16  4523.44 

3.655469 

16 

2527.92 

3.402763 

17  20222.1 

4.305825 

17  4464.70 

3.649792 

17 

2509.47 

3.399582 

18  19098.6 

4.281002 

18  4407.46 

3.644189 

18 

2491.29 

3.396424 

19  18093.4 

4.257521 

19  4351.67 

3.638656 

19 

2473.37 

3.393289 

20  17188.8 

4.235244 

20  4297.28 

3.633194 

20 

2455.70 

3.390176 

21  16370.2 

4.214055 

21  4244.23 

3.627799 

21 

2438.29 

3.387085 

22  15626.1 

4.193852 

22  4192.47 

3.622470 

22 

2421.12 

3.384016 

23  14946.7 

4.174547 

23  4141.96 

3.617206 

23 

2404.19 

3.380969 

24  14324.0 

4.156064 

24  4092.66 

3.612005 

24 

2387.50 

3.377943 

25  13751.0 

4.138335 

25  4044.51 

3.606866 

25 

2371.04 

3.374938 

26  13222.1 

4.121302 

26  3997.49 

3.601787 

26 

2354.80 

3.371954 

27  12732.4 

4.104911 

27    3951.54 

3.596766 

27 

2338.78 

3.368990 

28  12277.7 

4.089117 

28  3906.64 

3.591803 

28 

2322.98 

3.366046 

29  11854.3 

4.073877 

29  3862.74 

3.586896 

29 

2307.39 

3.363122 

30  11459.2 

4.059154 

30  3819.83 

3.582044 

30 

2292.01 

3.360217 

31  11089.6 

4.044914 

31  3777.85 

3.577245 

31 

2276.84 

3.357332 

32  10743.0 

4.031125 

32  3736.79 

3.572499 

32 

2261.86 

3.354466 

33    10417.5 

4.017762 

33  3696.61 

3.567804 

33 

2247.08 

3.351618 

34  10111.1 

4.004797 

34  3657.29 

3.563160 

34 

2232.49 

3.348789 

35  9822.18 

3.992208 

35  3618.80 

3.558564 

35 

2218.09 

3.345979 

36  9549.34 

3.979973 

36  3581.10 

3.554017 

36 

2203.87 

3.343187 

37  9291.25 

3.968074 

37    3544.19 

3.549517 

37 

2189.84 

3.340412 

38  9046.75 

3.956493 

38  3508.02 

3.545063 

38 

2175.98 

3.337655 

39  8814.78 

3.945212 

39  3472.59 

3.540654 

39 

2162.30 

3.334916 

40  8594.42 

3.934216 

40  3437.87 

3.536289 

40 

2148.79 

3.332193 

41  8384.80 

3.923493 

41  3403.83 

3.531968 

41 

2135.44 

3.329488 

42  8185.16 

3.913027 

42  3370.46 

3.527690 

42 

2122.26 

3.326799 

43  7994.81 

3.902808 

43  3337.74 

3.523453 

43 

2109.24 

3.324127 

44  7813.11 

3.892824 

44  3305.65 

3.519257 

44 

2096.39 

3.321471 

45  7639.49 

3.883065 

45  3274.17 

3.515101 

45 

2083.68 

3.318832 

46  7473.42 

3.873519 

46  3243.29 

3.510985 

46 

2071.13 

3.316208 

17  7314.41 

3.864179 

47  3212.98 

3.506908 

47 

2058.73 

3.313600 

18  7162.03 

3.855036 

48  3183.23 

3.502868 

48 

2046.48 

3.311008 

19  7015.87 

3.846082 

49  3154.03 

3.498866 

49 

2034.37 

3.308431 

50  6875.55 

3.837308 

SO  3125.36 

3.494900 

50 

2022.41 

3.305869 

51  6740.74 

3.828708 

51  3097.20 

3.490970 

51 

2010.59 

3.303323 

52  6611.12 

3.820275 

52  3069.55 

3.487075 

52 

1998.90 

3.300791 

53  6486.38 

3.812002 

53  3042.39 

3.483215 

53 

1987.35 

3.298274 

54  6366.26 

3.803885 

54  3015.71 

3.479389 

54 

1975.93 

3.295771 

55  6250.51 

3.795916 

55  2989.48 

3.475596 

55 

1964.64 

3.293283 

56  6138.90 

3.788091 

56  2963.72 

3.471836 

56 

1953.48 

3.290809 

57  6031.20 

3.780404 

57  2938.39 

3.468109 

57 

1942.44 

3.288349 

>8  5927.22 

3.772851 

58  2913.49 

3.464413 

58 

1931.53 

3.285902 

)9  5826.76 

3.765427 

59  2889.01 

3.460749 

59 

1920.75 

3.283470 

50  5729.65 

3.758128 

60  2864.93 

3.457115 

60 

1910.08 

3.281051 
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D    R 

loffR 

D 

R 

logn 

D 

R 

loffR 

«*» 

4'* 

' 

©*» 

0'  1910.08 

3.281051 

O'  1432.69 

3.156151 

0'  1146.28 

3.059290 

1  1899.53 

3.278646 

1 

1426.74 

3.154346 

1 

1142.47 

3.057846 

2  1889.09 

3.276253 

2 

1420.85 

3.152548 

2 

1138.69 

3.056407 

3  1878.77 

3.273874 

3 

1415.01 

3.150758 

3 

1134.94 

3.054972 

4  1868.56 

3.271508 

4 

1409.21 

3.148975 

4 

1131.21 

3.053542 

5  1858.47 

3.269155 

5 

1403.46 

3.147200 

5 

1127.50 

3.052116 

6  1848.48 

3.266814 

6 

1397.76 

3.145431 

6 

1123.82 

3.050696 

7  1838.59 

3.264486 

7 

1392.10 

3,143670 

7 

1120.16 

3.049280 

8  1828.82 

3.262170 

8 

1386.49 

3.141916 

8 

1116.52 

3.047868 

9  1819.14 

3.259867 

9 

1380.92 

3.140170 

9 

1112.91 

3.046462 

10  1809.57 

3.257576 

10 

1375.40 

3.138430 

10 

1109.33 

3.045059 

11  1800.10 

3.255296 

11 

1369.92 

3.136697 

11 

1105.76 

3.043662 

12  1790.73 

3.253029 

12 

1364.49 

3.134971 

12 

1102.22 

3.042268 

13  1781.45 

3.250774 

13 

1359.10 

3.133251 

13 

1098.70 

3.040880 

14  1772.27 

3.248530 

14 

1353.75 

3.131539 

14 

1095.20 

3.039495 

15  1763.18 

3.246297 

15 

1348.45 

3.129833 

15 

1091.73 

3.038115 

16  1754.19 

3.244077 

16 

1343.18 

3.128134 

16 

1088.28 

3.036740 

17  1745.29 

3.241867 

17 

1337.96 

3.126442 

17 

1084.85 

3.035368 

18  1736.48 

3.239669 

18 

1332.77 

3.124756 

18 

1081.44 

3.034002 

19  1727.75 

3.237481 

19 

1327.63 

3.123077 

19 

1078.05 

3.032639 

20  1719.12 

3.235305 

20 

1322.53 

3.121404 

20 

1074.68 

3.031281 

21  1710.57 

3.233140 

21 

1317.46 

3.119738 

21 

1071.34 

3.029927 

22  1702.10 

3.230985 

22 

1312.43 

3.118078 

22 

1068.01 

3.028577 

23  1693.72 

3.228841 

23 

1307.45 

3.116424 

23 

1064.71 

3.027231 

24  1685.42 

3.226707 

24 

1302.50 

3.114777 

24 

1061.43 

3.025890 

25  1677.20 

3.224584 

25 

1297.58 

3.113136 

25 

1058.16 

3.024552 

26  1669.06 

3.222472 

26 

1292.71 

3.111501 

26 

1054.92 

3.023219 

27  1661.00 

3.220369 

27 

1287.87 

3.109872 

27 

1051.70 

3.021890 

28  1653.01 

3.218277 

28 

1283.07 

3.108249 

28 

1048.49 

3.020565 

29  1645.11 

3.216195 

29 

1278.30 

3.106632 

29 

1045.31 

3.019244 

30  1637.28 

3.214122 

30 

1273.57 

3.105022 

30 

1042.14 

3.017927 

31  1629.52 

3.212060 

31 

1268.87 

3.103417 

31 

1039.00 

3.016614 

32  1621.84 

3.210007 

32 

1264.21 

3.101818 

32 

1035.87 

3.015305 

33  1614.22 

3.207964 

33 

1259.58 

3.100225 

33 

1032.76 

3.013999 

34  1606.68 

3.205930 

34 

1254.98 

3.098638 

34 

1029.67 

3.012698 

35  1599.21 

3.203906 

35 

1250.42 

3.097057 

35 

1026.60 

3.011401 

36  1591.81 

3.201892 

36 

1245.89 

3.095481 

36 

1023.55 

3.010107 

37  1584.48 

3.199886 

37 

1241.40 

3.093912 

37 

1020.51 

3.008818 

38  1577.21 

3.197890 

38 

1236.94 

3.092347 

38 

1017.49 

3.007532 

39  1570.01 

3.195903 

39 

1232.51 

3.090789 

39 

1014.50 

3.006250 

40  1562.88 

3.193925 

40 

1228.11 

3.089236 

40 

1011.51 

3.004972 

41  1555.81 

3.191956 

41 

1223.74 

3.087689 

41 

1008.55 

3.003698 

42  1548.80 

3.189996 

42 

1219.40 

3.086147 

42 

1005.60 

3.002427 

43  1541.86 

3.188045 

43 

1215.09 

3.084610 

43 

1002.67 

3.001160 

44  1534.98 

3.186103 

44 

1210.82 

3.083079 

44 

999.762 

2.999897 

45  1528.16 

3.184169 

45 

1206.57 

3.081553 

45 

996.867 

2.998637 

46  1521.40 

3.182244 

46 

1202.36 

3.080033 

46 

993.988 

2.997381 

47  1514.70 

3.180327 

47 

1198.17 

3.078518 

47 

991.126 

2.996129 

48  1508.06 

3.178419 

48 

1194.01 

3.077008 

48 

988.280 

2.994880 

49  1501.48 

3.176519 

49 

1189.88 

3.075504 

49 

985.451 

2.993635 

SO  1494.95 

3.174627 

50 

1185.78 

3.074005 

50 

982.638 

2.992393 

51  1488.48 

3.172744 

51 

1181.71 

3.072511 

51 

979.840 

2.991155 

52  1482.07 

3.170868 

52 

1177.66 

3.071022 

52 

977.060 

2.989921 

53  1475.71 

3.169001 

53 

1173.65 

3.069538 

53 

974.294 

2.988690 

54  1469.41 

3.167142 

54 

1169.66 

3.068059 

54 

971.544 

2.987463 

55  1463.16 

3.165291 

55 

1165.70 

3.066585 

55 

968.810 

2.986238 

56  1456.96 

3.163447 

56 

1161.76 

3.065116 

56 

966.091 

2.985018 

57  1450.81 

3.161612 

57 

1157.85 

3.063653 

57 

963.387 

2.983801 

58  1444.72 

3.159784 

58 

1153.97 

3.062194 

58 

960.698 

2.982587 

59  1438.68 

3.157963 

59 

1150.11 

3.060740 

59 

958.025 

2.981377 

60  1432.69 

3.156151 

60 

1146.28 

3.059290 

60 

955.366 

2.980170 
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R 

losR 

D 

R 

loffR 

D 

R 

loiTR 

955.366 

2.980170 

0' 

819.020 

2.913295 

8« 

C  716.779 

2.855385 

952.722 

2.978966 

1 

817.077 

2.912263 

1 

715.291 

2.854483 

950.093 

2.977766 

2 

815.144 

2.911234 

2 

713.810 

2.853563 

947.478 

2.976569 

3 

813.219 

2.910208 

3 

712.335 

2.852684 

944.877 

2.975375 

4 

811.303 

2.909183 

4 

710.865 

2.851787 

942.291 

2.974185 

5 

809.397 

2.908162 

5 

709.402 

2.850892 

939.719 

2.972998 

6 

807.499 

2.907142 

6 

707.945 

2.849999 

937.161 

2.971814 

7 

805.611 

2.906125 

7 

706.493 

2.849108 

934.616 

2.970633 

8 

803.731 

2.905111 

8 

705.048 

2.848219 

932.086 

2.969456 

9 

801.860 

2.904098 

9 

703.609 

2.847331 

929.569 

2.968282 

10 

799.997 

2.903089 

10 

702.175 

2.846445 

927.066 

2.967111 

11 

798.144 

2.902081 

11 

700.748 

2.845562 

924.576 

2.965943 

12 

796.299 

2.901076 

12 

699.326 

2.844679 

922.100 

2.964778 

13 

794.462 

2.900073 

13 

697.910 

2.843799 

919.637 

2.963616 

14 

792.634 

2.899073 

14 

696.499 

2.842921 

917.187 

2.962458 

15 

790.814 

2.898074 

15 

695.095 

2.842044 

914.750 

2.961303 

16 

789.003 

2.897078 

16 

693.696 

2.841169 

912.326 

2.960150 

17 

787.200 

2.896085 

17 

692.302 

2.840296 

909.915 

2.959001 

18 

785.405 

2.895094 

18 

690.914 

2.839424 

907.517 

2.957855 

19 

783.618 

2.894105 

19 

689.532 

2.838555 

905.131 

2.956711 

20 

781.840 

2.893118 

20 

688.156 

2.837687 

902.758 

2.955571 

21 

780.069 

2.892133 

21 

686.785 

2.836821 

900.397 

2.954434 

22 

778.307 

2.891151 

22 

685.419 

2.835956 

898.048 

2.953300 

21 

776.552 

2.890171 

23 

684.059 

2.835093 

895.712 

2.952168 

24 

774.806 

2.889193 

24 

682.704 

2.834232 

893.388 

2.951040 

25 

773.067 

2.888217 

25 

681.354 

2.833373 

891.076 

2.949915 

26 

771.336 

2.887244 

2A 

680.010 

2.832515 

888.776 

2.948792 

27 

769.613 

2.886272 

27 

678.671 

2.831660 

886.488 

2.947673 

28 

767.897 

2.885303 

28 

677.338 

2.830805 

884.211 

2.946556 

29 

766.190 

2.884336 

29 

676.008 

2.829953 

881.946 

2.945442 

30 

764.489 

2.883371 

30 

674.686 

2.829102 

879.693 

2.944331 

31 

762.797 

2.882409 

31 

673.369 

2.828253 

877.451 

2.943223 

32 

761.112 

2.881448 

32 

672.056 

2.827405 

875.221 

2.942118 

33 

759.434 

2.880490 

33 

670.748 

2.826560 

873.002 

2.941015 

34 

757.764 

2.879534 

34 

669.446 

2.825715 

870.795 

2.939916 

35 

756.101 

2.878580 

35 

668.148 

2.824873 

868.598 

2.938819 

36 

754.445 

2.877627 

36 

666.856 

2.824032 

866.412 

2.937725 

37 

752.796 

2.876678 

37 

665.568 

2.823193 

864.238 

2.936633 

38 

751.155 

2.875730 

38 

664.286 

2.822355 

862.075 

2.935545 

39 

749.521 

2.874784 

39 

663.008 

2.821519 

859.922 

2.934459 

40 

747.894 

2.873840 

40 

661.736 

2.S20685 

857.780 

2.933376 

41 

746.274 

2.872898 

41 

660.468 

2.819852 

855.648 

2.932295 

42 

744.661 

2.871959 

42 

659.205 

2.819021 

853.527 

2.931218 

43 

743.055 

2.871021 

43 

657.947 

2.818191 

851.417 

2.930142 

44 

741.456 

2.870086 

44 

656.694 

2.817363 

849.317 

2.929070 

45 

739.864 

2.869152 

45 

655.446 

2.816537 

847.228 

2.928000 

46 

738.279 

2.868221 

46 

654.202 

2.815712 

845.148 

2.926933 

47 

736.701 

2.867291 

47 

652.963 

2.814889 

843.080 

2.925869 

48 

735.129 

2.866363 

48 

651.729 

2.814067 

841.021 

2.924807 

49 

733.564 

2.865438 

49 

650.499 

2.813247 

838.972 

2.923747 

50 

732.005 

2.864514 

50 

649.274 

2.812428 

836.933 

2.922691 

51 

730.454 

2.863593 

51 

648.054 

2.811611 

834.904 

2.921637 

52 

728.909 

2.862673 

52 

646.838 

2.810796 

832.885 

2.920585 

53 

727.370 

2.861755 

53 

645.627 

2.809982 

830.876 

2.919536 

54 

725.838 

2.860840 

54 

644.420 

2.809169 

828.876 

2.918489 

55 

724.312 

2.859926 

55 

643.218 

2.808358 

826.886 

2.917446 

56 

722.793 

2.859014 

56 

642.021 

2.807549 

824.905 

2.916404 

57 

721.280 

2.858104 

57 

640.828 

2.806741 

822.934 

2.915365 

58 

719.774 

2.857196 

58 

639.639 

2.805935 

820.973 

2.914329 

59 

718.273 

2.856290 

59 

638.455 

2.805130 

819.020 

2.913295 

60 

716.779 

2.855385 

60 

637.275 

2.804327 

CUBV  RADU  AND  THEIR  LOOS.     B  =  50/b1ii  (  D/2  ) . 


D    R 

losR 

D 

R 

losR 

D 

R 

log: 

90 

10° 

ia° 

0'  637.275 

2.804327 

0' 

573.686 

2.758674 

0'  478.339 

2.679 

1  636.099 

2.803525 

2 

571.784 

2.757232 

2 

477.018 

2.678 

2  634.928 

2.802724 

4 

569.896 

2.755796 

4 

475.705 

2.677 

3  633.761 

2.801926 

6 

568.020 

2.754364 

6 

474.400 

2.676 

4  632.599 

2.801128 

8 

566.156 

2.752937 

8 

473.102 

2.674 

5  631.440 

2.800332 

10 

564.305 

2.751514 

10 

471.810 

2.673 

6  630.286 

2.799538 

12 

562.466 

2.750096 

12 

470.526 

2.672 

7  629.136 

2.798745 

14 

560.638 

2.748683 

14 

469.249 

2.671 

8  627.991 

2.797953 

16 

558.823 

2.747274 

16 

467.978 

2.670 

9  626.849 

2.797163 

18 

557.019 

2.745870 

18 

466.715 

2.669 

10  625.712 

2.796374 

20 

555.227 

2.744471 

20 

465.459 

2.667 

11  624.579 

12  623.450 

13  622.325 

14  621.203 

2.795587 
2  794801 

22 

553.447 

2.743076 

22 

464.209 

2.666 

24 

551.678 

2.741686 

24 

462.966 

2.665 

2^794017 
2.793234 

26 

549.920 

2.740300 

26 

461,729 

2.664 

28 

548.174 

2.738918 

28 

460.500 

2.663 

15  620.087 

2.792453 

30 

546.438 

2.737541 

30 

459.276 

2.662 

16  618.974 

2.791673 

32 

544.714 

2.736169 

32 

458.060 

2.660 

17  617.865 

2.790894 

34 

543.001 

2.734800 

34 

456.850 

2.659 

18  616.760 

2.790117 

36 

541.298 

2.733436 

36 

455.646 

2,658 

19  615.660 

2.789341 

38 

539.606 

2.732077 

38 

454.449 

2.657 

20  614.563 

2.788566 

40 

537.924 

2.730721 

40 

453.259 

2.656 

21  613.470 

22  612.380 

23  611.295 

24  610.214 

2.787793 
2.787021 
2.786251 
2.785482 

42 

536.253 

2.729370 

42 

452.073 

2.655 

44 

534.593 

2.728023 

44 

450.894 

2.654 

46 

532.943 

2.726681 

46 

449.722 

2.652 

48 

531.303 

2.725342 

48 

448.556 

2.651 

25  609.136 

2.784714 

50 

529.673 

2.724008 

50 

447.395 

2.650 

2(>    608.062 

2.783948 

52 

528.053 

2.722677 

52 

446.241 

2.649 

27    606.992 

2.783183 

54 

526.443 

2.721351 

54 

445,093 

2.648 

28  605.926 

2.782420 

56 

524.843 

2.720029 

56 

443.951 

2,647 

29  604.864 

2.781657 

58 
0' 

523.252 

2.718711 

58 
130 

0' 

442.814 

2.646 

30  603.805 

2.780897 

521.671 

2.717397 

441.684 

2.645 

31  602.750 

32  601.698 

33  600.651 

34  599.607 

2.780137 
2  779379 

2 

520.100 

2.716087 

2 

440.559 

2.644 

4 

518.539 

2.714781 

4 

439.440 

2.642 

2!778622 
2.771%fiJ 

6 

516.986 

2.713479 

6 

438.326 

2.641 

8 

515.443 

2.712181 

8 

437.219 

2.640 

35  598.567 

2.777112 

10 

513.909 

2.710887 

10 

436.117 

2.639 

3^    597.530 

2.776360 

12 

512.385 

2.709596 

12 

435,020 

2.638 

Z7    596.497 

2.775608 

14 

510.869 

2.708310 

14 

433.929 

2.637 

38  595.467 

2.774858 

16 

509.363 

2.707027 

16 

432.844 

2.636 

39  594.441 

2.774109 

18 

507.865 

2.705748 

18 

431.764 

2.635 

40  593.419 

2.773361 

20 

506.376 

2.704473 

20 

430.690 

2.634 

41  592.400 

42  591.384 

43  590.372 

44  589.364 

2,772615 
2.771870 
2.771126 
2.770383 

22 

504.896 

2.703202 

22 

429.620 

2.633 

24 

503.425 

2.701934 

24 

428.557 

2.632 

26 

501.962 

2.700671 

26 

427.498 

2.630 

28 

500.507 

2.699410 

28 

426.445 

2,62^ 

45  588.359 

2.769642 

30 

499.061 

2.698154 

30 

425.396 

2.628 

46  587.357 

2.768902 

32 

497.624 

2.696901 

32 

424.354 

2.627 

47  586.359 

2.768164 

34 

496.195 

2.695652 

34 

423.316 

2.626 

48  585.364 

2.767426 

36 

494.774 

2.694407 

36 

422.283 

2.625 

49  584.373 

2.766690 

38 

493.361 

2.693165 

38 

421.256 

2.624 

50  583.385 

2.765955 

40 

491.956 

2.691926 

40 

420.233 

2.623 

51  582.400 

52  581.419 

53  580.441 

54  579.466 

2.765221 
2.764489 
2.763758 
2.763028 

42 

490.559 

2.690692 

42 

419.215 

2.622 

44 

489.171 

2.689460 

44 

418.203 

2.621 

46 

487.790 

2.688233 

46 

417.195 

2.620 

48 

486.417 

2.687008 

48 

416.192 

2.619 

55  578.494 

2.762299 

50 

485.051 

2.685788 

50 

415.194 

2.618 

56  577.526 

2.761572 

52 

483.694 

2.684570 

52 

414.201 

2.617 

57  576.561 

2.760845 

54 

482.344 

2.683357 

54 

413.212 

2.616 

58  575.599 

2.760120 

56 

481.001 

2.682146 

56 

412.229 

2.615 

59  574.641 

2.759397 

58 

479.666 

2.680939 

58 

411.250 

2.614 

60  573.686 

2.758674 

60 

478.339 

2.679735 

60 

410.275 

2.613 

S8   CFEV  RADn  AND  THEIB  LOGS.   E 

=  50/8ln  (D/2). 

D    R 

loffR 

D 

R 

loffR 

D 

R 

torR 

.4" 

16<* 

18° 

0'  410.275 

2.613075 

0' 

359.265 

2.555415 

0' 

319.623 

2.504638 

2  409.306 

2.612048 

2 

358.523 

2.554517 

2 

319.037 

2.503841 

4  408.341 

2.611023 

4 

357.784 

2.553621 

4 

318.453 

2.503045 

6  407.380 

2.610000 

6 

357.048 

2.552727 

6 

317.871 

2.502251 

8  406.424 

2.608980 

8 

356.315 

2.551834 

8 

317.292 

2.501459 

10  405.473 

2.607962 

10 

355.585 

2.550944 

10 

316.715 

2.500668 

12  404.526 

2.606946 

12 

354.859 

2.550055 

12 

316.139 

2.499879 

14  403.583 

2.605933 

14 

354.135 

2.549169 

14 

315.566 

2.499091 

16  402.645 

2.604923 

16 

353.414 

2.548284 

16 

314.993 

2.498304 

18  401.712 

2.603914 

18 

352.696 

2.547401 

18 

314.426 

2.497519 

20  400.782 

2.602908 

20 

351.981 

2.546519 

20 

313.860 

2.496736 

22  399.857 

2.601905 

22 

351.269 

2.545640 

22 

313.295 

2.495953 

24  398.937 

2.600904 

24 

350.560 

2.544762 

24 

312.732 

2.495173 

26  398.020 

2.599905 

26 

349.854 

2.543887 

26 

312.172 

2.494393 

28  397.108 

2.598908 

28 

349.150 

2.543013 

28 

311.613 

2.493616 

30  396.200 

2.597914 

30 

348.450 

2.542140 

30 

311.056 

2.492839 

32    395.296 

2.596922 

32 

347.752 

2.541270 

n 

310.502 

2.492064 

34  394.396 

2.595933 

34 

347.057 

2.540401 

34 

309.949 

2.491291 

36  393.501 

2.594945 

36 

346.365 

2.539535 

36 

309.399 

2.490518 

38  392.609 

2.593960 

38 

345.676 

2.538670 

38 

308.850 

2.489748 

40  391.722 

2.592978 

40 

344.990 

2.537806 

40 

308.303 

2.488978 

42  390.838 

2.591997 

42 

344.306 

2.536945 

42 

307.759 

2.488210 

44  389.959 

2.591019 

44 

343.625 

2.536085 

44 

307.216 

2.487444 

46  389.084 

2.590043 

46 

342.947 

2.535227 

46 

306.675 

2.486679 

48  388.212 

2.589069 

48 

342.271 

2.534370 

48 

306.136 

2.485915 

50  387.345 

2.588097 

50 

341.598 

2.533516 

50 

305.599 

2.485152 

52  386.481 

2.587128 

52 

340.928 

2.532663 

52 

305.064 

2.484391 

54  385.621 

2.586161 

54 

340.260 

2.531811 

54 

304.531 

2.483632 

56  384.765 

2.585196 

56 

339.595 

2.530962 

56 

304.000 

2.482873 

58  383.913 

2.584233 

58 

338.933 

2.530114 

58 

303.470 

2.482116 

IS** 

170 

l»o 

0'  383.065 

2.583272 

0' 

338.273 

2.529268 

0' 

302.943 

2.481361 

2  382.220 

2.582314 

2 

337.616 

2.528424 

2 

302.417 

2.480607 

4  381.380 

2.581358 

4 

336.962 

2.527581 

4 

301.893 

2.479854 

6  380.543 

2.580403 

6 

336.310 

2.526740 

6 

301.371 

2.479102 

8  379.709 

2.579451 

8 

335.660 

2.525900 

8 

300.851 

2.478352 

10  378.880 

2.578501 

10 

335.013 

2.525062 

10 

300.333 

2.477603 

12  378.054 

2.577553 

12 

334.369 

2.524226 

12 

299.816 

2.476855 

14  377.231 

2.576608 

14 

333.727 

2.523392 

14 

299.302 

2.476109 

16  376.412 

2.575664 

16 

333.088 

2.522559 

16 

298.789 

2.475364 

18  375.597 

2.574722 

18 

332.451 

2,12172% 

18 

298.278 

2.474621 

20  374.786 

2.573783 

20 

331.816 

2.520898 

20 

297.768 

2.473878 

22  373.977 

2.572845 

22 

331.184 

2.520070 

22 

297.260 

2.473137 

24  373.173 

2.571910 

24 

330.555 

2.519244 

24 

296.755 

2.472398 

26  372.372 

2.570977 

26 

329.928 

2.518419 

26 

296.250 

2.471659 

28  371.574 

2.570045 

28 

329.303 

2.517596 

28 

295.748 

2.470922 

30  370.780 

2.569116 

30 

328.681 

2.516774 

30 

295.247 

2.470186 

32  369.989 

2.568189 

32 

328.061 

2.515954 

32 

294.748 

2.469452 

34  369.202 

2.567264 

34 

327.443 

2.515136 

34 

294.251 

2.468718 

36  368.418 

2.566340 

36 

326.828 

2.514319 

36 

293.756 

2.467986 

38  367.637 

2.565419 

38 

326.215 

2.513504 

38 

293.262 

2.467256 

40  366.859 

2.564500 

40 

325.604 

2.512690 

40 

292.770 

2.466526 

42  366.085 

2.563582 

42 

324.996 

2.511878 

42 

292.279 

2.465798 

44  365.315 

2.562667 

44 

324.390 

2.511067 

44 

291.790 

2.465071 

46  364.547 

2.561754 

46 

323.786 

2.510258 

46 

291.303 

2.464345 

48  363.783 

2.560843 

48 

323.184 

2.509451 

48 

290.818 

2.463621 

50  363.022 

2.559933 

50 

322.585 

2.508645 

50 

290.334 

2.462897 

52  362.264 

2.559026 

52 

321.989 

2.507840 

52 

289.851 

2.462175 

54  361.510 

2.558120 

54 

321.394 

2.507037 

54 

289.371 

2.461455 

56  360.758 

2.557216 

56 

320.801 

2.506236 

56 

288.892 

2.460735 

58  360.010 

2.556315 

58 

320.211 

2.505436 

58 

288.414 

2.460017 

60  359.265 

2.555415 

60 

319.623 

2.504638 

60 

287.939 

2.459300 

CUBVBADII  AND  THEIB  LOGS,  B  = 

50/8in  (D/2).    889 

D 

R 

loiTR 

D 

R 

losR 

20*»  0' 

287.939 

2.459300 

30®  0' 

193.185 

2.285974 

10 

285.583 

2.455733 

20 

191.111 

2.281286 

20 

283.267 

2.452195 

40 

189.083 

2.276652 

30 
40 

280.988 
278.746 

2.448688 
2.445209 

31®  0' 

187.099 

2.272071 

50 

276.541 

2.441759 

20 

185.158 

2.267541 

21 »  0' 

274.370 

2.438337 

40 

183.258 

2.263062 

10 

272.234 

2.434943 

32®  0' 

181.398 

2.258632 

20 

270.132 

2.431576 

20 

179.577 

2.254250 

30 
40 

268.062 
266.024 

2.428235 
2.424921 

40 

177.794 

2.249916 

50 

264.018 

2.421633 

33®  0' 

176.047 

2.245628 

23«  0' 

262.042 

2.418371 

20 

174.336 

2.241386 

10 

260.098 

2.415134 

40 

172.659 

2.237188 

20 
30 
40 
50 

258.180 
256.292 
254.431 
252.599 

2.411922 
2.408734 
2.405571 
2.402431 

34®  0' 

20 
40 

171.015 
169.404 
167.825 

2.233035 
2.228924 
2.224855 

230    0' 

250.793 

2.399315 

35®  0' 

166.275 

2.220828 

10 

249.013 

2.396222 

20 

164.756 

2.216842 

20 

247.258 

2.393151 

40 

163.266 

2.212895 

30 
40 

245.529 
243.825 

2.390103 
2.387077 

36«  0' 

161.803 

2.208988 

50 

242.144 

2.384074 

20 

160.368 

2.205119 

340   Q, 

240.487 

2.381091 

40 

158.960 

2.201288 

10 

238.853 

2.378130 

37®  0* 

157.577 

2.197494 

20 

237.241 

2.375190 

20 

156.220 

2.193736 

30 

235.652 

2.372270 

40 

154.887 

2.190014 

40 

50 

234.084 
232.537 

2.369371 
2.366492 

38®  0' 

153.578 

2.186328 

2:^-0' 

231.011 

2.363633 

30 

151.657 

2.180863 

10 

229.506 

2.360794 

39®  0' 

149.787 

2.175475 

20 

228.020 

2.357974 

30 

147.965 

2.170160 

30 

226.555 

2.355173 

40 

225.108 

2.352391 

40®  0' 

146.190 

2.164918 

50 

223.680 

2.349627 

30 

144.460 

2.159747 

26*»  O' 

222.271 

2.346882 

41®  0* 

142.773 

2.154645 

10 

220.879 

2.344155 

30 

141.127 

2.149610 

20 

219.506 

2.341446 

30 

218.150 

2.338755 

42®  0' 

139.521 

2.144641 

40 

216.811 

2.336081 

30 

137.955 

2.139736 

50 

27®  0' 

10 

215.489 
214.183 
212.893 

2.333424 
2.330785 
2.328162 

43®  0' 

30 

136.425 
134.932 

2.134895 
2.130114 

20 

211.620 

2.325556 

44®  0' 

133.473 

2.125395 

30 

210.362 

2.322967 

30 

132.049 

2.120734 

40 

50 

28«  0' 

209.119 
207.891 
206.678 

2.320393 
2.317836 
2.315295 

4»®  0' 
30 

130.656 
129.296 

2.116130 
2.111584 

10 

205.480 

2.312769 

46®  0' 

127.965 

2.107092 

20 

204.296 

2.310259 

30 

126.664 

2.102655 

30 
40 
50 

203.125 
201.969 
200.826 

2.307764 
2.305285 
2.302820 

47®  0' 
30 

125.392 
124.148 

2.098270 
2.093938 

29®  0' 

199.696 

2.300370 

48®  0' 

122.930 

2.089657 

10 

198.580 

2.297935 

30 

121.738 

2.085425 

20 
30 
40 

197.476 
196.385 
195.306 

2.295515 
2.293108 
2.290716 

40*'  0' 

30 

120.571 
119.429 

2.081243 
2.077109 

50 

194.240 

2.288338 

50®  0' 

118.310 

2.073022 
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General  Curr  E^uatlonn 

For  symbols,  see  IT  3  and  9,  pp  875,  876. 

30.  Fig  10.      To   avoid    undue   repetition,   one   equation    Is   here 
frequently  intended  to  serv,  by  inversion  and  substitution,  for  all 
the  factors  Involvd  and  for  others.     Thus,  from 
M     =     R  vers  (A/2),   we  have,  also: — 
A  M 

R     =     Jf/vers(A/2)  ;      vers —     =     — 
2  R 

etc,  etc.     See  H  69. 


JF  cos  (A/2) 
rcot(A/2) 


Flfif. 

10. 

Angrular  Fanctlons 

31.  Fig  10.    Functions  of  A/2. 

Sin  — 
2 

C 
2  R 

T 

E  +  M 

(17) 

R-^-E 

T 

cos  A 
2 

R-M 

M 

R 

R 

R+E 

T*-E* 

C2  _   4if* 

...         (18) 

T*-\-E* 

C«  4-  4Jf» 

Tan  — 
2 

T 

E  -\-  M 

C/2 

(19) 

C/2 

R  -  M 

Vers  ^ 

A            M 

=      1     —    cos =     

2               R 

E 

2 

R-i-M 

.    A  A  A 

=     sin — X  tan —     =     2  sln»  — 

2  4  4 


Bxsec  —     = 
2 


E  —  M 


.(20> 


Digitized  by\jOOgl€ 
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32.  Fig  10.   V^vaetioBS  of  A/4. 

Sin  —     =     —     =  ^  _  ^if«  -f    (C/2)« 

4  ±P  MM^  4-    (C/2)»     "  2  « 

A  AP       PH  M 

SiD»  —     =     .  =     (22) 

4  2jB        AP  2R 


A  ^  21f  /2T-C  E-M        vers(A/2) 

Tan  —   =    —   =   =    -v; =     \  =   

4  T  C  \2r  +  C  \B'\-M  Bln(A/2) 

which  may  be  shown  to  be 
T 

=     (23) 

2R-^E 

JAmemx  f  nnctloiui 

33.  Fts  10.     Relations  between  R,  E  and  M. 

«  +  JB  =    vr*  +  ie«  (24) 

JJ   —  if  =      V/J»  -    (Cr/2)*  =        >/(«  +   C/2)    (iJ  —   C/2). .  (25) 

^  +  If  =     -Vr*  -  (c/2)^  =      ^(r  +  c/2)  (r  -  c/2). . (26) 

34.  Fl|r  11-    ESqnatlons  for  R,  C,  T,  "E,  Y,  BF,  M  and  Mk. 

D  =  sharpneaa,  in  degrees  unless  otherwise  stated. 
T  C  M  E 

~      tan(A/2)    ~     2  8ln(A/2)    ~     yers(A/2)    ~*     ex8ec(A/2) 

T*  ^  E*  (C/2)*  +  Jf»  EM 

~'         2E  ""  2if  "     ij?   -  if    ' 

=  appror  /?,/D  =   (R  for  1*  curv)/D  =  approx  5729.65  ft/i) 

=  appror  C»/8M  (see  table,  p  893) (27) 

C     =  2 « sin  (A/2)      =     2rcos(A/2) 

=  2ifcot(A/4)      =     2VjZ~(2ie  —  if) 

8ln(nD/2)* 

=     100     

Bln(D/2) 

sin(A/2) 

=     2E rr  approx  -V  8 /2  if   (see  table,  p  893) . . .  (28) 

exsec(A/2) 

O 

T     =     «Un(A/2)      =     

2co8(A/2) 

tan  (A/2) 

=     if     =     l!;cot(A/4) 

ver8(A/2) 

=      («  +  fi)  8ln(A/2)    =    V^  (2iJ  -f-  E) 

M  +  E 

=       ^  (C/2)*    +     (Jf   +  J5)«     =     (29) 

sin  (A/2) 

•n    =    number  of  unit  chains  In  the  curv^gii^^dbyLaOOgle 
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E     =     «exsec(A/2)      =     Ttan(A/4)      =     Jf8€c(A/2) 

eMec(A/2)  R  M 


=     /2  tan  (A/2)   tan  (A/4)      =     C 

2  8ln(A/2)            fi-lf 
=     approz  M  (see  table,  p  893)   (30) 


Y      = 


Fiff.  11. 

fivers  A     =     C  sin  (A/2) 
2ftBlnMA/2)      =     (P/2R     =     TslnA 


vers  A 
exsec(A/2) 


=     if     — 


vers  A 


vers  (A/2) 


apppor  (see  table,  p  893)  4  if  =  —  n» />•  • 

8 
2  C  sin(A/4)     (31a) 


BF  = 

if     =     fiver8(A/2)    =    2fi8ln«(A/4)    = 


PB* 


=  r 


.(31) 
(31a] 
vers  (A/2) 


2R  Un(A/2) 

(C7/2)  tan(A/4)    =  L'co8(A/2)    =   JB  fi/(fi  +  J^) 
R    -.     V/ea   _    (C/2T*    =    R    -     V(/?   +   C72)    (/?     -    C/2) 
/?8ln(A/2)  X  tan(A/4)  ; 
apppox  (see  table,  p  893)      4  if*     =     y/4     =     B  F/4 

if  -f-  ^'  C"  7 

;; —     =     JS?     =     =     —  »i>i)«*    (32i 

2  8  A  32 
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Mh  =     «veP8(A/4)     =    M 


1  — C08(A/4) 

l-co8(A/2) 


8ln«<A/8) 
BlnMA/*) 


.<33) 


=     approx  —  (see  table,  below)   

4 

For  aide  ordlaatey  lf«>  see  f  35. 

Mnltlpttera  for  CoiiTertliiir  Approximate  Values  from  Equa- 
tions Above  to  Correct  Valaeis.  The  following  table  of  multipliers 
indicates  the  degrees  of  approximation  of  our  several  approximate 
equations  in  j[  34,  and  enables  us  to  obtain  the  correct  valaes  from 
them. 

Bxaasple.  Qlren  A  =  30®  ;  reqoired  the  middle  ordinate,  M, 
for  the  entire  curv.  Here  eq  (32)  gives,  approx,  M  =  Bt'/4; 
but,  in  the  following  table,  in  the  line  beginning  "(82) 
if  =  BP/^*\  and  in  «ie  colum  headed  "A  =  80*^',  we  find  the 
correctlv  multiplier,  1.0088.  which  gives  the  true  value, 
if  =  1.0088  XBF/4  =  0.2522  B  F. 


Eq. 

^ 

^  = 

No. 

(32) 
i33) 

Equation. 

M      -  4Mk 

Mh    «=  lf/4 

!• 

10* 

20  • 

30* 

60* 

90* 

To   obtain   correct  values   of  the  equations, 

multiply  the  approx  value  by  the  proper 

coefficient  given  below 

1.0000 
1.0000 

0.9995 
1.0005 

0.9981 
1.0020 

0.9957 
1.0043 

0.9830 
1.0173 

0.9619 
1.0396 

(31) 
(32) 

T       ^  AM 

M    =  y/4 

1.0000 
1.0000 

0.9980 
1.0020 

0.9925 
1.0076 

0.9831 
1.0172 

0.9328 
1.0720 

0.8535 
1.1716 

(32) 

M      =1  BF/A 

1.0000 

1.0008 

1.0040 

1.0088 

1.0352 

1.0824 

(32) 

M  -    (Jf+«)/2 

1.0000 

0.9980 

0.9924 

0.9826 

0.9282 

0.8284 

(30) 
{32) 

E           m.     M 

M          r=     B 

1.0000 
1.0000 

1.0038 
0.9962 

1.0154 
0.9848 

1.0353 
0.9659 

1.1547 
0.8660 

1.4142 
0.7071 

(27) 

(28) 
(32) 

R       a  0V8if 

1.0000 

1.0000 
1.0000 

1.0019 

0.9981 
1.0019 

1.0076 

0.9925 
1.0076 

1.0173 

0.9830 
1.0173 

1.0718 

0.9330 
1.0718 

1.1716 

0.8535 
1.1716 

0       -   VSBM 
M      -  0»/8J8 

a2) 

7 

Mm,—    fl»D« 

32 

for     D   -     1- 
Z>  -    10® 
i>   -   20* 

0.997S 
0.9984 
1.0025 

0.9966 
0.9979 
1.0016 

0.9947 
0.9961 
0.9998 

0.9915 
0.9929 
0.9966 

0.9746 
0.9760 
0.9797 

0.9472 
0.9481 
0.9518 

(31 

7 

y  -  -  nsi)* 

8 

for      D  -     1* 

"        D  -  10* 

/>    -    20* 

0.9974 
0.9986 
1.0024 

0.9949 
0.9961 
0.9999 

0.9873 
0.9885 
0.9922 

0.9747 
0.9760 
0.9798 

0.9095 
0.9106 
0.9141 

0.8085 
0.8095 
0.8126 

(27) 

«  -  Ri/D* 

When 

Mult  Ri^^D  by 

D=5*  D=10» 
1.0003      1.0013 

i)=15* 
1.0028 

D=20» 

1.0051 

D=30* 

l.OUS 

D=40' 
1.0206 

*n  =  number  of  unit  chains  in  the  curv. 
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Loiiff  Chorda*  C,  In  ft*  reqalred  to  sabtend  from  two  to  eight 
100-ft  chains,  for  different  sharpnesses,  !>• 
O    =     2BBln(A/2) 
For  table  of  long-chords  to  a  1*  cunr,  for  dlff  sweeps,  A.  ■««  f  ^o» 


D 

•    * 

Zstas 

Sstas 

4  8U8 

Sstas 

estas 

Tstas 

Sstas 

0 
ft 

0 
ft 

O 

ft 

O 
ft 

o 
ft 

0 

ft 

C 

ft 

0  10 
20 

200.00 

2oaoo 

300.00 
300.00 

400.00 
399.99 

500.00 
499.98 

599.99 
599.97 

699.99 
699.95 

799.98 
799.93 

30 
40 
50 

200.00 
200.00 

2oaoo 

299.99 
299.99 
299.98 

399.98 
399.97 
399.95 

499.96 
499.93 
499.89 

599.93 
599.88 
599.82 

699.89 
699.81 
699.70 

799.84 
799.72 
799.56 

1     0 
10 
20 

199.99 
199.99 
199.99 

299.97 
299.96 
299.95 

399.92 
399.90 
399.87 

499.85 
499.79 
499.73 

599.73 
599.64 
599.53 

699.57 
699.43 
699.24 

799.36 
799.13 
798.86 

30 
40 
50 

199.98 
199.98 
199.97 

299.93 
299.92 
299.90 

399.83 
399.79 
399.74 

499.66 
499.58 

499.49 

599.40 
599.26 
599.11 

699.04 
698.82 
698.57 

798.56 
798.22 
797.85 

2     0 
10 
20 

199.97 
199.96 
199.96 

299.88 
299.86 
299.83 

399.70 
399.64 

399.59 

499.39 
499.29 
499.17 

598.93 
598.75 
598.55 

698.30 
698.00 
697.68 

797.44 
797.00 
796.52 

30 

40 
50 

199.95 
199.95 
199.94 

299.81 
299.78 
299.76 

399.52 
399.46 
399.39 

499.05 
498.92 
498.76 

598.34 
598.11 
597.86 

697.34 
696.97 
696.58 

796u01 
795.46 
794.87 

3     0 
10 

20 

199.93 
199.92 
199.92 

299.73 
299.70 
299.66 

399.32 
399.24 
399.15 

498.63 

498.47 
498.31 

597.60 
597.33 
597.04 

696.17 
695.73 
695.27 

794.26 
793.60 
792.91 

30 
40 
50 

199.91 
199.90 
199.89 

299.63 

299.59 
299.55 

399.07 
398.98 
398.88 

498.14 
497.96 
497.77 

596.74 
596.42 
596.09 

694.79 
694.28 
693.75 

792.19 
791.43 
790.63 

4     0 
10 
20 

199.88 
199.87 
199.86 

299.51 
299.47 
299.43 

398.78 
398.68 
398.57 

497.57 
497.36 
497.15 

595.74 
595.38 
595.01 

693.20 
692.62 
692.02 

789.80 
788.94 
788.04 

30 
40 
50 

199.85 
199.83 
199.82 

299.38 
299.34 
299.29 

398.46 
398.34 
398.22 

496.92 
496.69 
496.45 

594.62 
594.21 
593.79 

691.40 
690.75 
690.08 

787.11 
786.14 
785.14 

5     0 
10 
20 

199.81 
199.80 
199.78 

299.24 
299.19 
299.13 

398.10 
397.97 
397.84 

496.20 
495.94 
495.68 

593.36 
592.91 
592.45 

689.39 
688.67 
687.93 

784.10 
783.03 
781.93 

30 
40 
50 

199.77 
199.76 
199.74 

299.08 
299.02 
298.96 

397.70 
397.56 
397.41 

495.41 
495.12 
494.83 

591.97 
591.48 
590.97 

687.17 
686.38 
685.58 

780.79 
779.61 
778.41 

6     0 
10 
20 

199.73 
199.71 
199.70 

298.90 
298.84 
298.78 

397.26 
397.11 
396.95 

494.53 
494.23 
493.91 

590.45 
589.91 
589.36 

684.75 
683.89 
683.02 

777.17 
775.89 
774.58 

30 
40 
50 

199.68 
199.66 
199.64 

298.71 
298.65 
298.58 

396.79 
396.62 
396.45 

493.59 
493.26 
492.92 

588.80 
588.22 
587.63 

682.12 
681.20 
680.25 

773.24 
771.86 
770.46 

7     0 
10 
20 

199.63 
199.61 
199.59  , 

298.51 
298.44 
298.36  j 

396.28 
396.10 
395.92 

492.57 
492.21 
491.85 

587.02 
586.40 
585.77 

679.29 
678.30 
677.28 

769.01 
767.54 
76«.03 

30 
40 
50 

199.57  . 
199.55  1 
199.53 

298.29  1 
298.21   ! 
298.13   , 

395.73 
395.54 
395.34 

491.47 
491.09 
490.70 

585.12 
584.45 
583.77 

676.25 
675.19 
674.12 

764.49 
762.92 
761.31 

I.OITO    CHORDS. 
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Ij«nir  ChorilA*  C,  In  ft,  reqnired  to  subtend  from  two  to  eight 
100-ft  chains*  for  different  sharpnesses,  D. 
C  =  2J?sln(A/2) 
For  table  of  long-chords  to  a  1*  cury,  for  dlff  sweeps,  A>  Bee  H  40a. 
(ContlBved) 


2stas 

Sstas 

4stafl 

Sstas 

estas 

Tstas 

Sstas 

C 

ft 

0 

ft 

0 

ft 

O 

ft 

0 
ft 

O 

ft 

C 

ft 

8   0, 
10 
20 

199.51 
199.49 
199.47 

298.05 
297.97 
297.89 

1  395.14 
394.94 
394.73 

490.31 
489.90 
489.49 

583.08 
582.38 
581.65 

673.02 
671.89 
670.75 

759.67 
758.00 
756.30 

30 
40 
50 

199.45 
199.43 
199.41 

297.80 
297.72 
297.63 

394.52 
394.30 
394.08 

489.06 
488.63 
488.20 

580.92 
580.17 
579.41 

669.58 
668.39 
667.18 

754.56 
752.79 
750.99 

9  0 
10 
20 

199.38 
199.36 
199.34 

297.54 
297.45 
297.35 

393.86 
393.63 
393.40 

487.75 
487.29 
486.83 

578.63 
577.84 
577.04 

665.95 
664.70 
663.42 

749.16 
747.30 
745.40 

30 
40 
50 

199.31 
199.29 
199.26 

297.26 
297.16 
297.06 

393.16 
392.92 
392.67 

486.36 
485.88 
485.40 

576.22 
575.39 
574.55 

662.12 
660r.81 
659.47 

743.48 
741.52 
739.54 

10   0 
10 
20 

199.24 
199.21 
199.19 

296.96 
296.86 
296.76 

392.42 

393.17 
391.91 

484.90 
484.40 
483.89 

573.69 
572.81 
571.93 

658.11 
656.72 
655.32 

737.52 
735.47 
733.39 

30 
40 
50 

199.16 
199.13 
199.11 

296.65 
296.54 
296.44 

391.65 
391.39 
391.12 

483.37 
482.84 
482.31 

571.03 
570.11 
569.19 

653.90 
652.45 
650.98 

731.28 
729.14 
726.97 

11   0 
10 
20 

199.08 
199.05 
199.02 

296.33 
296.21 
296.10 

390.84 
390.57 
390.28 

481.76 
481.21 
480.65 

568.25 
567.29 
566.32 

649.50 
647.99 
646.46 

724.77 
722.54 
720.28 

30 
40 
50 

198.99 
198.96 
198.94 

295.99 
295.87 
295.75 

390.00 
389.71 
389.41 

480.09 
479.51 
478.93 

565.34 
564.35 
563.34 

644.91 
643.34 
641.75 

717.99 
715.67 
713.33 

12  0 
10 
20 

198.90 
198.87 
198.84 

295.63 
295.51 
295.38 

389.12 
388.81 
388.51 

478.34 
477.74 
477.14 

562.32 
561.29 
560.24 

640.14 
638.51 
636.86 

710.95 
708.55 
706.11 

30 
40 
50 

198.81 
198.78 
198.75 

295.26 
295.13 
295.00 

388.20 
387.88 
387.57 

476.52 
475.90 
475.27 

559.18 
558.11 
557.02 

635.19 
633.50 
631.79 

703.65 
701.16 
698.65 

13  0 
10 
20 

198.71 
198.68 
198.65 

294.87 
294.74 
294.61 

387.24 
386.92 
386.59 

474.63 
473.99 
473.34 

555.92 
554.81 
553.68 

630.06 
628.31 
626.54 

696.10 
693.53 
690.93 

30 
40 
50 

198.61 
198.58 
198.54 

294.47 
294.34 
294.20 

386.25 
385.91 
385.57 

472.68 
472.01 
471.33 

552.55 
551.40 
550.23 

624.76 
622.95 
621.12 

688.31 
685.65 
682.97 

14  0 
10 
20 

198.51 
198.47 
198.44 

294.06 
293.92 
293.77 

385.23 
384.88 
384.52 

470.65 
469.96 
469.26 

549.06 
547.87 
546.67 

619.28 
617.41 
615.53 

680.27 
677.54 
674.78 

30 
40 
50 

198.40 
198.36 
198.33 

293.63 
293.48 
293.34 

384.16 
383.80 
383.44 

468.55 
467.84 
467.12 

545.45 
544.23 
542.99 

613.63 
611.71 
609.77 

671.99 
669.18 
666.35 

15  0 
10 
20 

198.29 
198.25 
198.21 

293.19 
293.03 
292.88 

383.07 
382.69 
382.31 

466.39 
465.65 
464.91 

541.74 
540.47 
539.20 

607.81 
605.84 
603.84 

663.49 
660.60 
657.69 

30 
40 
50 

198.17 
198.13 
198.09 

292.73 
292.57 
292.41 

381.93 
381.55 
381.16 

464.16 

463.40 
462.64 

537.91 
536.61 
535.30 

601.83 
599.80 
597.75 

654.76 
651.80 
648.82 
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Jjong  Chord*,  C,  In  ft,  required  to  subtend  from  two  to  el^ht 
100-ft  chains,  for  different  sharpnesses,  D. 

0  =  2iJsin(A/2) 
F6r  table  of  long-chords  to  a  1*  curr,  for  dlff  sweeps^  A>  see  f  400^ 
(C«neliided> 


Sstas 

38ta8 

4  8ta8 

Sstas 

estas 

7  8Us 

Sstas 

D 

«     r 

O 

ft 

0 

ft 

380.76 
380.37 
379.96 

0 

ft 

C 

ft 

0 

ft 
595.69 
593.61 
591.51 

c 

ft 
645.81 
642.78 
639.73 

16     0 
10 
20 

198.05 
198.01 
197.97 

292.25 
292.09 
291.93 

461.86 
461.08 
460.29 

533.97 
532.64 
531.29 

30 
40 
50 

197.93 
197.89 
197.85 

291.76 
291.60 
291.43 

379.56 
379.15 
378.74 

459.50 
458.70 
457.89 

529.93 
528.56 
527.17 

589.39 
587.25 
585.10 

636.65 
633.55 
630.43 

17     0 
10 
20 

197.80 
197.76 
197.72 

291.26 
291.09 
290.92 

378.32 
377.90 
377.48 

457.07 
456.24 
455.41 

525.78 
524.37 
522.95 

582.93 
580.75 
578.55 

627.28 
624.12 
620.93 

30 

40 
50 

197.67 
•197.63 
197.58 

290.74 
290.57 
290.39 

377.05 
376.62 
376.18 

454.57 
453.73 
452.88 

521.52 
520.08 
518.63 

576.33 
574.09 
571.84 

617.72 
614.49 
611.23 

18     0 
10 
20 

197.54 
197.49 
197.45 

290.21 
290.03 
289.85 

375.74 
375.30 
374.85 

452.02 
451.15 
450.37 

517.16 
515.69 
514.20 

569.57 
567.29 
564.99 

607.96 
604.66 
601.35 

30 
40 
50 

197.40 
197.35 
197.31 

289.67 
289.48 
289.29 

374.40 
373.94 
373.48 

449.39 
448.50 
447.61 

512.70 
511.19 
509.67 

562.67 
560.34 
558.00 

598.01 
594.66 
591.28 

19     0 
10 
20 

197.26 
197.21 
197.16 

289.10 
288.91 
288.72 

373.02 
372.55 
372.08 

446.71 
445.80 
444.88 

508.14 
506.60 
505.04 

555.63 
553.26 
550.86 

587.89 
584.48 
581.04 

30 
40 
50 

197.11 
197.06 
197.01 

288.53 
288.33 
288.14 

371.61 
371.13 
370.65 

443.96 
443.03 
442.09 

503.48 
501.91 
500.32 

548.46 
546.04 
543.60 

577.59 
574.12 
570.63 

20     0 

196.96 

287.94 

370.17 

441.15 

498.72 

541.15 

567.13 

30.  Side  ordinate*  3U.    Fls  12. 

Mm  =     -Vija  -  (p»  -f  If  -  fi  =     -Vie*  -  «»  -  «cos<A/2)..(34) 

=     approx  a  1/2  R  (see  table,  below)    (35) 

where  a  and  h  are  the  two  segments  of  the  chord,  C, 

=     arnrox  4  M  a  b/C*  (see  table,  below)    (36) 

When  C       =     100ft  (  =     o;    A     =     D),  oq  (36)  becomes: — 


m«     =     approx  • 


mal) 
2500 


approx 


0.25 


....(37) 


or,  since  In  that  case,  B  F  {  =  "tangntl  dist")  =s  200  8in(D/4) 
=  approx  4  m,  we  have,  for  any  curv  and  for  any  value  of  C : — 

a    *       b  BF-ab 

J/«     =     approx  B  F  .  .  =     (38) 

100        100  .    10,000 

See  table  p  893,  using  coeffs  for  R  =r  (7*/8  M.  Thus,  for  A  =  60^. 
Mof  =  1.0718  B  F   '  a   '  b/10,()00. 

Mm     =     approx  D    X    J/i  (see  table,  below)    (39) 

where  D  =  the  sharpness  of  the  given  curv.  and  Mi  =  the  side 
ord  for  a  1*  curv,  at  the  given  dlst,  m,  from  Its  mid  ord.  Jf^  on  an 
equal  chord,  O.  .      *         «• 
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CmemH^mtm  f«r  the  towemolng  approximate  eqaatfons  for  side 
ordinates.  Ma. 

The  following  table  of  multipliers  Indicates  the  degree  of  ap- 
proximation of  our  several  approximate  equations  In  H  35,  and 
enables  us  to  obtain  the  correct  values  from  them. 

fizamplc  Given  A  =  20%  and  x/C  =  1/4 ;  required  the  ordi- 
nate. Mm,  di8t«  from  the  mid  ord,  M.  Here  eq  (35)  gives, 
approz.  Mm  =  ah/2R;  but,  in  the  following  table,  in  the  line 
beginning  "(35)  Mm  =  aJt/2R",  and  in  the  column  headed 
"A  =  20*,  »/C  =  1/4,"  we  find  the  correctiv  multiplier,  1.0096, 
whicli  slves  the  true  value,  if.  =  1.0090  a  b/2  A  =  0.6048  a  b/H, 


Eq. 

Equation. 

A  =  10' 

w/C  = 

A  =   20» 

w/O  = 

1/4 

3/8 

19/40 

1/4 

8/8 

19/40 

(35) 

(36) 
(37) 

(39) 

Mm  =  ab/2B 

jr,  r=  4  Jf  o5/C" 
mm  =  mii6/2500 

If,  =  D  X  Jtf  1 

1.0024 

1.0005 
0.0905 

1.0028 

1.0011 
1.0003 

1.0024 

1.0012 
0.0965 

1.0096 

1.0019 
1.0036 

1.0128 

1.0051 
1.0004 

1.0094 

1.0076 
1.0053 

M.  For  that  portion  of  a  curv  which  Is  subtended  by  a  chain* 
c,  or  nait  arCf  a«  (sweep,  A>  =  sharpness,  I>),  use  the  equations 
of  1134.  85. 

iubstitnting    D,  t,  e,   m,  ntr,  e,   y  and  nu 
for  Ai  T,  0,  M,  'Mm,  B,  Y  and  Jf  *  respectivly. 
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Idle  OrdlBatcii»  m.  In  ft,  to  100-ft  chain,  for  dlffi 

D. 


0-       !•       2*       »^       4^' 

5- 

•• 

"r" 

8*       •• 

D 

).000  0.218  0.436  0.654  0.872 

1.091 

1.309 

1.528 

1.746  1.965 

0 

).004  0.222  0.440  0.658  0.876 

1.094 

1.313 

1.531 

1.749  1.968 

1 

).007  0.225  0.444  0.662  0.880 

1.098 

1.317 

1.535 

1.753  1.972 

2 

).011  0.229  0.447  0.665  0.883 

1.102 

1.320  1.539 

1.756  1.975 

3 

1015  0.233  0.451  0.669  0.887 

1.105 

1.324 

1.543 

1.761   1.979 

4 

).018  0.236  0.454  0.673  0.891 

1.109 

1.327 

1.546 

1.764  1.983 

5 

).022  0.240  0.458  0.676  0.894 

1.112 

1.331 

1.550 

1.768  1.987 

6 

1025  0.244  0.462  0.680  0.898 

1.116 

1.335 

1.553 

1.771   1.990 

7 

1029  0.247  0.465  0.684  0.902 

1.120 

1.338 

1.557 

1.775  1.994 

8 

).033  0.251  0.469  0.687  0.905 

1.123 

1.342 

1.561 

1.778  1.998 

9 

).036  0.255  0.473  0.691  0.909 

1.127 

1.346  1.564  1.782  2.001 

10 

1040  0.258  0.476  0.694  0.912 

1.131 

1.349 

1.568 

1.786  2.005 

11 

3.044  0.262  0.480  0.698  0.916 

1.134 

1.353 

1.572 

1.790  2.008 

12 

}.047  0.265  0.484  0.702  0.920 

1.138 

1.356 

1.575 

1.793  2.012 

13 

3.051   0.269  0.487  0.705  0.923 

1.142 

1.360 

1.579  1.797  2.016 

14 

1055   0.273  0.491   0.709  0.927 

1.146 

1.364 

1.582 

1.801  2.019 

15 

0.058  0.276  0.494  0.713  0.931 

1.149 

1.368 

1.586 

1.804  2.023 

16 

3.062  0.280  0.498  0.716  0.934 

1.153 

1.371 

1.590 

1.807  2.026 

17 

1065  0.284  0.502   0.720  0.938 

1.157 

1.375 

1.593 

1.811  2.030 

18 

0.069  0.287  0.505  0.723  0.942 

1.160 

1.378 

1.597 

1.815  2.034 

19 

0.073  0.291  0.509  0.727  0.945 

1.164 

1.382  1.600  1.819  2.037 

20 

1076  0.295  0.513  0.731  0.949 

1.168 

1.386 

1.604 

1.822  2.041 

21 

0.080  0.298  0.516  0.734  0.952 

1.171 

1.389 

1.608 

1.826  2.045 

22 

0.084  0.302  0.520  0.738  0.956 

1.175 

1.393 

1.611 

1.829  2.048 

23 

0.087  0.305   0.524  0.742   0.960 

1.179 

1.397 

1.615 

1.833  2.052 

24 

0.091   0.309  0.527  0.745  0.963 

1.182 

1.400 

1.619 

1.837  2.056 

25 

0.095  0.313  0.531   0.749  0.967 

1.186 

1.404 

1.623 

1.840  2.060 

26 

0.098  0.316  0.534  0.753  0.971 

1.190 

1.407 

1.626 

1.844  2.063 

27 

0.102  0.320  0.538  0.756  0.974 

1.193 

1.411 

1.630 

1.848  2.066 

28 

0.105  0.324  0.542  0.760  0.978 

1.197 

1.415 

1.633 

1.851  2.070 

29 

0.109  0.327  0.545  0.763  0.982 

1.200  1.418  1.637  1.855  2.074 

30 

0.113  0.331  0.549  0.767  0.985 

1.204 

1.422 

1.641 

1.858  2.077 

31 

0.116  0.335  0.553  0.771   0.989 

1.208 

1.426 

1.644 

1.862  2.081 

32 

0.120  0.338  0.556  0.774  0.993 

1.211 

1.429 

1.648 

1.866  2.084 

33 

0.124  0.342  0.560  0.778  0.996 

1.215 

1.433 

1.651 

1.869  2.088 

34 

0.127  0.345  0.564  0.782  1.000 

1.218 

1.437 

1.655 

1.873  2.092 

35 

0.131   0.349  0.567  0.785   1.003 

1.222 

1.440 

1.659 

1.877  2.096 

36 

0.135  0.353  0.571   0.789  1.007 

1.226 

1.444 

1.662 

1.880  2.099 

37 

0.138  0.356  0.574  0.793   1.011 

1.229 

1.447 

1.666 

1.884  2.103 

38 

0.142  0.360  0.578  0.796  1.014 

1.233 

1.451 

1.670 

1.887  2.106 

39 

0.145  0.364  0.582  0.800  1.018 

1.237 

1.455 

1.673 

1.892  2.110 

40 

0.149  0.367  0.585  0.803  1.022 

1.240 

1.458 

1.677 

1.895  2.113 

41 

0.153  0.371   0.589  0.807  1.025 

1.244 

1.462 

1.680 

1.899  2.117 

42 

0.156  0.375  0.593  0.811  1.029 

1.247 

1.466 

1.684 

1.903  2.121 

43 

0.160  0.378  0.596  0.814  1.032 

1.251 

1.469 

1.688 

1.906  2.125 

44 

0.164  0.382  0.600  0.818  1.036 

1.255 

1.473 

1.691 

1.910  2.128 

45 

0.167  0.385  0.604  0.822  1.040 

1.258 

1.476 

1.695 

1.914  2.132 

46 

0.171  0.389  0.607  0.825   1.043 

1.262 

1.480 

1.699 

1.918  2.135 

47 

0.174  0.393  0.611   0.829  1.047 

1.266 

1.484 

1.702 

1.921   2.139 

48 

0.178  0.396  0.614  0.832  1.051 

1.269 

1.487 

1.706 

1.924  2.142 

49 

0.182  0.400  0.618  0.836  1.054 

1.273 

1.491 

1.710 

1.928  2.147 

50 

0.185  0.404  0.622  0.840  1.058 

1.277 

1:495 

1.713 

1.932  2.150 

51 

0.189  0.407  0.625   0.843  1.062 

1.280 

1.498 

1.717 

1.935  2.154 

52 

0.193  0.411   0.629  0.847  1.065 

1.284 

1.502 

1.720 

1.939  2.158 

S3 

0.196  0.414  0.633  0.851   1.069 

1.288 

1.505 

1.724 

1.943  2.161 

S4 

0.200  0.418  0.636  0.854  1.073 

1.291 

1.510 

1.728 

1.946  2.165 

5S 

0.204  0.422  0.640  0.858  1.076 

1.295 

1.513 

1.731 

1.950  2.168 

56 

0.207  0.425  0.644  0.862  1.080 

1.298 

1.517 

1.735 

1.953  2.172 

S7 

0.211  0.429  0.647  0.865   1.083 

1.302 

1.520 

1.739 

1.957  2.175 

Is 

0.215  0.433  0.651   0.869  1.088 

1.306 

1.524 

1.742 

1.961  2.179 

S9 
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nesaes,  D. 


m,  Ib  ft*  to  lOO-ft  chain,  for  dltennt  ckarp- 
(Conclndcd) 


Mte. 

10*     !!•     !«•     IS*     14- 

15*     !••     IT*     18*     If 

D 

0 
2 

4 
6 

8 

2.183  2.402  2.620  2.839  3.058 
2.190  2.409  2.628  2.846  3.065 
2.198  2.416  2.635  2.854  3.073 
2.205  2.423  2.642  2.861  3.080 
2.212  2.431  2.650  2.868  3.087 

3.277  3.496  3.716  3.935  4.155 
3.284  3.504  3.723  3.942  4.162 
3.292  3.511  3.730  3.950  4.169 
3.299  3.518  3.738  3.957  4.177 
3.306  3.526  3.745  3.964  4.184 

0 
2 

4 
6 
8 

10 
12 
14 
16 
18 

2.219  2.438  2.657  2.876  3.095 
2.227  2.445  2.664  2.883  3.102 
2.234  2.453  2.671  2.890  3.109 
2.241  2.460  2.679  2.898  3.117 
2.249  2.467  2.686  2.905  3.124 

3.314  3.533  3.752  3.972  4.191 
3.321  3.540  3.760  3.979  4.199 
3.328  3.547  3.767  3.986  4.206 
3.336  3.555  3.774  3.994  4.213 
3.343  3.562  3.781  4.001  4.221 

10 
12 
14 
16 
18 

20 
22 
24 
26 
28 

2.256  2.475  2.693  2.912  3.131 
2.263  2.482  2.701  2.919  3.138 
2.270  2.489  2.708  2.927  3.146 
2.278  2.496  2.715  2.934  3.153 
2.285  2.504  2.722  2.941  3.160 

3.350  3.569  3.789  4.008  4.228 
3.358  3.577  3.796  4.016  4.235 
3.365  3.584  3.803  4.023  4.243 
3.372  3.591   3.811  4.030  4.250 
3.379  3.599  3.818  4.038  4.257 

20 
22 
24 
26 
28 

30 
32 
34 
36 
38 

2.293  2.511  2.730  2.949  3.168 
2.300  2.518  2.737  2.956  3.175 
2.307  2.526  2.744  2.963  3.182 
2.314  2.533  2.752  2,971   3.190 
2.321  2.540  2.759  2.978  3.197 

3.387  3.606  3.825  4.045  4.265 
3.394  3.613  3.833  4.052  4.272 
3.401  3.621   3.840  4.060  4.279 
3.409  3.628  3.847  4.067  4.287 
3.416  3.635  3.855  4.074  4.294 

30 
32 

34 
36 
38 

40 
42 
44 
46 
48 

2.329  2.547  2.766  2.985  3.204 
2.336  2.555  2.774  2.992  3.211 
2.343  2.562  2.781  3.000  3.219 
2.351  2.569  2.788  3.007  3.226 
2.358  2.577  2.795  3.014  3.233 

3.423  3.643  3.862  4.081  4.301 
3.431  3.650  3.869  4.089  4.308 
3.438  3.657  3.877  4.096  4.316 
3.445  3.664  3.884  4.103  4.323 
3.452  3.672  3.891  4.111  4.330 

40 
42 
44 
46 
48 

50 
52 
54 
56 
58 

2.365  2.584  2.803  3.022  3.241 
2.372  2.591  2.810  3.029  3.248 
2.380  2.598  2.817  3.036  3.255 
2.387  2.606  2.825  3.044  3.263 
2.394  2.613  2.832  3.051  3.270 

3.460  3.679  3.899  4.118  4.338 
3.467  3.686  3.906  4.125  4.345 
3.474  3.694  3.913  4.133  4.352 
3.482  3.701   3.920  4.140  4.360 
3.489  3.708  3.928  4.147  4.367 

50 
52 
54 
56 
58 

60 

2.402  2.620  2.839  3.058  3.277 

3.496  3.716  3.935  4.155  4.374 

60 

Mim 

20*     21  •      22*     2a«     24* 

25*     26*     27*     28*     28* 

MgL. 

0 
10 
20 

4.374  4.594  4.814  5.035  5.255 
4.411  4.631  4.851  5.071  5.292 
4.448  4.668  4.888  5.108  5.329 

5.476  5.697  5.918  6.139  6.360 
5.513   5.734  5.955  6.176  6.398 
5.549  5.770  5.992  6.213  6.435 

0 

30 
40 
50 

4.484  4.704  4.925  5.145  5.366 
4.521  4.741  4.961   5.182  5.402 
4.558  4.778  4.998  5.218  5.439 

5.586  5.807  6.029  6.250  6.472 
5.623   5.844  6.065  6.287  6.509 
5.660  5.881   6.102  6.324  6.545 

30 

40 
50 

60 

4.594  4.814  5.035  5.255  5.476 

5.697  5.918  6.139  6.360  6.583 

60 

Mini 

30*     31*     32*     88*     34* 

35*     36*     37*     38*     39* 

Mln 

0 
20 
40 
60 

6.583  6.805  7.027  7.250  7.473 
6.657  6.879  7.101  7.324  7.547 
6.731  6.958  7.175  7.398  7.621 
6.805  7.027  7.250  7.473  7.696 

7.696  7.919  8.143  8.367  8.592 
7.770  7.994  8.218  8.442  8.667 
7.845  8068  8.292  8.517  8.741 
7.919  8.143  8.367  8.592  8.816 

28 

40 
60 

HllM 

40-    41*    42*    48*    44* 

46*      46*       47*      48*      46* 

Mln 

0 
30 
60 

8.816  9.041  9.267  9.493  9.719      9.946  10.173  10.400  10.628  10.856 
8.929  9.154  9.380  9.606  9.832    10.059  10.286  10.516  10.742  10.970 
9.041  9.267  9.493  9.719  9.946    10.173  10.400  10.628  10.856  11.085 

0 
30 
60 

*>> 

Digitized  by  VjV^iJV. 
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i  ovdte«tcii»  Bi«^  IB  ft,  6  ft  apart,  to  IXH^tt 

-Vie*    —    «•    —    iJcos(D/2); 
diet,   in  ft,  of  side  ordinate  from  middle  ordinate. 


,ft.  5 

10 

15 

20 

25 

30 

35 

40 

45 

.014 

.014 

.013 

.012 

.011 

.009 

.007 

.005 

.003 

.029 

.028 

.026 

.024 

.022 

.018 

.015 

.010 

.005 

.043 

.041 

.038 

.037 

.033 

.028 

.022 

.015 

.008 

.058 

.056 

.052 

.049 

.044 

.037 

.030 

.020 

.011 

.072 

.070 

.066 

:8fJ 

.055 

.047 

.037 

.026 

.014 

.086 

.083 

.077 

.066 

.056 

.045 

.031 

.017 

.101 

.098 

.092 

.086 

.077 

.065 

.052 

.036 

.019 

.115 

.112 

.106 

.098 

.088 

.075 

.058 

.042 

.022 

.130 

.126 

.119 

.110 

.099 

.084 

.066 

.047 

.024 

.144 

.140 

.133 

.123 

.110 

.093 

.074 

.052 

.027 

.158 

.153 

.145 

.135 

.121 

.103 

.081 

.057 

.030 

.172 

.167 

.158 

.147 

.132 

.112 

.088 

.062 

.033 

.187 

.181 

.171 

.159 

.143 

.122 

.095 

.068 

.035 

.202 

.195 

.185 

.171 

.154 

.131 

.IM 

.073 

.038 

.216 

.209 

.198 

.183 

.164 

.140 

.111 

.078 

.041 

.231 

.223 

.211 

.196 

.175 

.150 

.118 

.083 

.043 

.245 

.237 

.224 

.208 

.186 

.159 

.125 

.088 

.046 

.260 

.252 

.237 

.220 

.196 

.168 

.133 

.094 

.049 

.274 

.265 

.251 

.232 

.207 

.177 

.140 

.099 

.052 

.288 

.279 

.264 

.244 

.218 

.187 

.148 

.104 

.055 

.303 

.293 

.277 

.256 

.229 

.197 

.155 

.109 

.057 

.317 

.307 

.291 

.269 

.240 

.206 

.163 

.114 

.060 

.331 

.321 

.304 

.281 

.251 

.215 

.171 

.120 

.063 

.345 

.335 

.317 

.293 

.262 

.224 

.178 

.125 

.066 

.360 

.349 

.330 

.305 

.273 

.233 

.185 

.130 

.069 

.374 

.363 

.343 

.318 

.284 

.242 

.192 

.135 

.072 

.389 

.377 

.356 

.330 

.295 

.251 

.200 

.141 

.075 

.403 

.391 

.370 

.342 

.305 

.261 

.208 

.147 

.077 

.418 

.405 

.383 

.354 

.316 

.270 

.215 

.152 

.080 

.432 

.419 

.397 

.366 

.327 

.280 

.222 

.157 

.083 

.446 

.433 

.409 

.379 

.338 

.289 

.230 

.162 

.086 

.461 

.447 

.425 

.391 

.349 

.298 

.237 

.167 

.088 

.475 

.461 

.437 

.403 

.360 

.308 

.245 

.173 

.090 

.490 

.475 

.450 

.415 

.371 

.317 

.252 

.178 

.093 

.504 

.489 

.463 

.428 

.382 

.326 

.260 

.183 

.096 

.518 

.503 

.476 

.440 

.393 

.336 

.267 

.188 

.099 

.533 

.517 

.489 

.452 

.404 

.346 

.275 

.194 

.102 

.547 

.531 

.503 

.465 

.415 

.355 

.282 

.199 

.104 

.562 

.545 

.516 

.477 

.425 

.364 

.289 

.204 

.107 

.576 

.559 

.529 

.489 

.436 

.373 

.297 

.209 

.110 

.590 

.573 

.542 

.501 

.447 

.382 

.304 

.214 

.113 

.605 

.587 

.555 

.513 

.458 

.391 

.312 

.219 

.116 

.619 

.601 

.569 

.526 

.469 

.401 

.319 

.225 

.118 

.634 

.615 

.582 

.538 

.480 

.410 

.326 

.230 

.121 

.648 

.629 

.595 

.550 

.491 

.41^ 

.334 

.235 

.124 

.662 

.643 

.608 

.562 

.502 

.428 

.341 

.240 

.127 

.677 

.657 

.621 

.574 

.512 

.438 

.349 

.246 

.130 

.691 

.671 

.635 

.587 

.523 

.448 

.357 

.251 

.132 

.70S 

.685 

.649 

.599 

.534 

.457 

.364 

.257 

.135 

.720 

.699 

.662 

.611 

.545 

.466 

.371 

.262 

.138 

.734 

.713 

.675 

.623 

.556 

.475 

.378 

.267 

.141 

.749 

.727 

.688 

.635 

.567 

.485 

.386 

.272 

.144 

.763 

.741 

.702 

.648 

.578 

.494 

.394 

.278 

.146 

.777 

.755 

.715 

.660 

.589 

.503 

.401 

.283 

.149 

.792 

.769 

.728 

.673 

.600 

.512 

.408 

.288 

.152 

.806 

.783 

.741 

.685 

.611 

.521 

.415 

.293 

.155 

.821 

.797 

.754 

.697 

.621 

.531 

.423 

.298 

.158 

.835 

.811 

.768 

.709 

.632 

.541 

.431 

.304 

.160 

.850 

.825 

.781 

.721 

.643 

.550 

.438 

.309 

.163 

SIDE    OSDINATES. 
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ordlmatea,  at*.  In  ft,  5  ft  apart,  to  100-ft  chain. 
(CoBclvded) 

Vr^    _    «a    _    Rcos(D/2)  ; 
dist,  In  ft,  of  side  ordinate  from  middle  ordinate. 


z,ft.  5 

10 

15 

20 

26 

30 

35 

40 

45 

1) 

4^0' 

.864 

.839 

.794 

.734 

.655 

.559 

.445 

.314 

.166 

10 

.900 

.874 

.827 

.764 

.682 

.582 

.464 

.327 

.173 

20 

.936 

.909 

.860 

.795 

.709 

.606 

.482 

.340 

.179 

30 

.972 

.944 

.893 

.825 

.736 

.629 

.501 

.354 

.186 

40 

1.008 

.979 

.926 

.855 

.764 

.652 

.519 

.367 

.193 

50 

1.044 

1.014 

.959 

.886 

.791 

.676 

.538 

.380 

.199 

5 

1.080 

1.048 

.993 

.917 

.818 

.699 

.557 

.393 

.207 

10 

1.116 

1.083 

1.026 

.947 

.845 

.722 

.576 

.406 

.214 

20 

1.152 

1.118 

1.058 

.978 

.872 

.746 

.594 

.419 

.220 

30 

1.188 

1.153 

1.092 

1.009 

.900 

.769 

.613 

.432 

.228 

40 

1.224 

1.188 

1.124 

1.039 

.927 

.792 

.631 

.445 

.235 

50 

1.260 

1.223 

1.157 

1.070 

.954 

.816 

.649 

.458 

.241 

6 

1.296 

1.258 

1.191 

1.100 

.982 

.839 

.668 

.472 

.248 

10 

1.332 

1.293 

1.224 

1.130 

1.009 

.862 

.686 

.485 

.255 

20 

1.368 

1.328 

1.256 

1.161 

1.036 

.886 

.705 

.498 

.262 

30 

1.404 

1.362 

1.290 

1.192 

1.064 

.909 

.724 

.511 

.269 

40 

1.440 

1.397 

1.323 

1.222 

1.091 

.932 

.742 

.524 

.276 

50 

1.476 

1.432 

1.355 

1.253 

1.118 

.956 

.761 

.537 

.283 

7 

1.512 

1.467 

1.389 

1.284 

1.146 

.979 

.779 

.551 

.290 

10 

1.548 

1.502 

1.422 

1.314 

1.173 

1.002 

.798 

.564 

.297 

20 

1.584 

1.537 

1.454 

1.345 

1.200 

1.026 

.816 

.576 

.304 

30 

1.620 

1.572 

1.488 

1.375 

1.228 

1.048 

.835 

.590 

.311 

40 

1.656 

1.607 

1.521 

1.405 

1.255 

1.071 

.854 

.603 

.318 

50 

1.692 

1.641 

1.553 

1.436 

1.282 

1.095 

.872 

.616 

.324 

8 

1.728 

1.677 

1.587 

1.467 

1.310 

1.118 

.891 

.629 

.332 

30 

1.836 

1.782 

1.687 

1.559 

1.392 

1.188 

.946 

.669 

.353 

9 

1.944 

1.886 

1.787 

1.651 

1.474 

1.258 

1.002 

.708 

.373 

30 

2.052 

1.991 

1.887 

1.742 

1.556 

1.328 

1.057 

.748 

.394 

10 

2.161 

2.096 

1.987 

1.834 

1.637 

1.398 

1.114 

.787 

.415 

30 

2.269 

2.201 

2.087 

1.926 

1.719 

1.468 

1.170 

.827 

.436 

11 

2.377 

2.306 

2.186 

2.018 

1.802 

1.538 

1.226 

.866 

.457 

30 

2.486 

2.411 

2.286 

2.110 

1.884 

1.609 

1.282 

.906 

.478 

12 

2.594 

2.516 

2.386 

2.203 

1.967 

1.680 

1.339 

.946 

.499 

30 

2.703 

2.621 

2.485 

2.295 

2.049 

1.750 

1.395 

.985 

.520 

13 

2.811 

2.726 

2.585 

2.387 

2.132 

1.820 

1.451 

1.025 

.541 

30 

2.920 

2.832 

2.685 

2.479 

2.214 

1.891 

1.507 

1.065 

.562 

14 

3.028 

2.937 

2.785 

2.571 

2.297 

1.961 

1.564 

1.105 

.583 

30 

3.136 

3.042 

2.884 

2.664 

2.379 

2.031 

1.620 

1.144 

.604 

15 

3.245 

3.147 

2.984 

2.756 

2.462 

2.102 

1.676 

1.184 

.625 

30 

3.354 

3.252 

3.084 

2.848 

2.544 

2.172 

1.732 

1.224 

.646 

16 

3.462 

3.358 

3.184 

2.941 

2.627 

2.243 

1.789 

1.264 

.667 

17 

3.680 

3.569 

3.384 

3.125 

2.792 

2.384 

1.902 

1.344 

.709 

18 

3.897 

3.779 

3.584 

3.310 

2.958 

2.525 

2.014 

1.424 

.751 

19 

4.115 

3.990 

3.784 

3.495 

3.123 

2.666 

2.127 

1.504 

.793 

20 

4.332 

4.201 

3.984 

3.680 

3.288 

2.808 

2.240 

1.583 

.836 

22 

4.768 

4.624 

4.386 

4.050 

3.620 

3.093 

2.467 

1.744 

.922 

24 

5.204 

5.048 

4.789 

4.423 

3.952 

3.379 

2.695 

1.905 

1.008 

26 

5.642 

5.473 

5.192 

4.798 

4.286 

3.665 

2.924 

2.068 

1.094 

28 

6.079 

5.898 

5.595 

5.171 

4.622 

3.952 

3.154 

2.232 

1.181 

30 

6.517 

6.323 

5.999 

5.544 

4.958 

4.239 

3.385 

2.396 

1.268 

32 

6.957 

6.751 

6.406 

5.922 

5.297 

4.530 

3.619 

2.565 

1.356 

34 

7.398 

7.179 

6.813 

6.300 

5.637 

4.822 

3.854 

2.733 

1.445 

36 

7.841 

7.609 

7.222 

6.679 

5.978 

5.115 

4.090 

2.901 

1.535 

38 

8.286 

8.041 

7.633 

7.060 

6.320 

5.410 

.  4.327 

3.069 

1.626 

40 

8.731 

8.474 

8.044 

7.442 

6.663 

5.705 

1  4.565 

3.238 

1.718 

troog: 
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37.  Ratio,  ^  of  lire  to  «hord.     Fig.  9.     In  fiiiy  circular  corr, 
of  radius  R»  and  sweep  A*  we  have  (see  f  28)  : — 

tB 

Eq    (6)     length,  La,  of  arc,     =    .  A*  ;  and 

180 

Bq  (28)   long  chord,  O,  =     2  «  sin  (A/2). 

Hence,  for  the  ratio,  Q,  hetw  arc,  I»«,  and  chord,  C,  we  have: — 

La  V  A* 

g     =     =     .  ;   (40) 

C  360     sin  (A/2) 


where  t     =     3.14159...  ; 
T/360  =     0.008  726  647  ; 

360/ir         =     114.5916 ; 
log  T     =     0.497  1499 
log  ( ir/360 )      =     7.940  8474  : 
log(360/»-)      =     2.059  1526. 
Hence  Q  is  a  function  of  A* 


FIff.  •.  (Repeated) 


T 

i>     — 

chord 

Note  that  Q 

-   1   i 

ncreases  a 

little  faster  than  A"- 

A 

Q 

A 

Q 

A 

Q 

A 

Q 

1 

1.000013 

16 

1.003257 

31 

1.012302 

46 

1.027371 

2 

1.000051 

17 

1.003678 

32 

1.013116 

47 

1.028696 

3 

1.000115 

18 

1.004124 

33 

1.013957 

48 

1.02985S 

4 

1.000203 

19 

1.004597 

34 

1.014825 

49 

1.081187 

5 

1.000317 

20 

1.005095 

35 

1.015719 

50 

1.082450 

6 

1.000457 

21 

1.005619 

36 

1.016641 

61 

1.083792 

7 

1.000622 

22 

1.006170 

37 

1.017590 

52 

1.085163 

8 

1.000813 

23 

1.006746 

38 

1.018566 

53 

1.036563 

9 

1.001029 

24 

1.007349 

39 

1.019569 

54 

1.08799S 

10 

1.001271 

25 

1.007977 

40 

1.020600 

55 

1.039452 

11 

1.001537 

26 

1.008632 

41 

1.021659 

66 

1.040941 

12 

1.001830 

27 

1.009313 

42 

1.022745 

67 

1.042460 

13 

1.002148 

28 

1.010021 

43 

1.023860 

68 

1.044009 

14 

1.002492 

29 

1.010755 

44 

1.025002 

59 

1.046688 

15 

1.002862 

30 

1.011515 

45 

1.026172 

60 

1.047198 

38.  Fig  5  F.    Value  of  Q  (  =  arc/chord)  in  the  case  of  the  unit 
chain,  o,  or  unit  arc,  a'  (where  sweep,  A.  =  sharpness,  D  or  D*,) 

Let 
D**    =  central  angle  subtended  by  unit  chain,  o, 

and  by  the  corresponding  arc,  a; 
D'*  =  central  angle  subtended  by  unit  arc,  a', 

and  by  the  corresponding  chord,  c'. 
Then,  from  eq  (40),  we  have,  by  substitution: — 
a  r  !>• 

Q  =  —  =  X 

c  360         8in(i)/2) 


a' 
1* 


360 


"^i^ze'^^by  L^OOg  le 


.(41) 


ARCS   AND    CHOKDS. 
••  Approximately : — 
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C    =     L-  (  1 I  ;  and  0     =     all —  )   . .  (42) 

\              24  iP  /  \             24  iJ»   / 

(See  Rankine,   Civil  Bngng,  p  104.)  When  A  =   50°,  this  makes 
C  onljr  0.031  per  cent  too  short. 


/  \T'     \ 

K^_ :: 

\\  3r^ 

\\  ^  c^\ 

\\        /^    ^     \A     / 


Flff.  13. 


Cowk^mriitonm  of  Cnrrs. 

40.  Fig  13.  Comparison  betw  two  cnnrs  of  RriTcii  nwecp.  A- 
Ratios  betw  corresponding  linear  functions.  Let  F  represent  a 
linear  function  (as  the  radius,  R,  the  arc,  AB  (A),  the  semitnn,  T, 
etc)  of  one  of  two  given  curvs  of  equal  sweep,  A.  but  of  different 
sharpness,  D.  and  let  F'  represent  the  corresponding  function,  (as 
R'  A'  B'(A'),  T\  etc)  of  the  other  curv.  Then,  from  similar 
triangles,  we  have  : — 


F/F'     =     R/R'     =     O/C     =     A/A' 
or  F'     =     FR'/R     =     FC'/C,  etc ; 
F     =     F'R/Rf     ==     JP'C/G',  etc 


T/T\    etc; 


(43) 

Thus,  let  C  be  a  unit  chain  of  100  ft,  and  let  C  =  200  ft.    Then, 
for  Instance,  M'  =  MO'/C  =  2  Jf;     R'  =i  2R;  etc; 


sin  (D72) 


50     R 
«'■  50 


R 
R' 


sin  (D/2) 

Note  that,  with  given  sweep ,  A.  the  sharper  curv  ^  has  the 
linear  functions.     Compare  fl  4a  gitizedby^jUOyi 


shorter 
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Functions  of  a  1*  Cnrr. 


Table  of  Functions,  Fi  (Semi tangents,  Ti; 
and  Long  Chords,  Ci)  ;  to  a  1*   curv,  for 


40a.    Figs  1  and  11 
External  Distances,  E: 
different  sweeps.  A* 
Ti  =  JJitan(A/2);  ^j  = /ti  exsec(A/2)  ;   Ci  =  2i2i  sln(A/2). 

For  the  eorrespondlniT  fnnctloii,  F    {T,  E  or  C)    ot  a 
of  any  other  sharpness,  D*»  we  have  approximately 
P  =  F^D\ 


4©°       60«      60«      70<» 


Diagram  of  Corrections 

Corrections*  In  feet,  to  be  added  to  approximate  curv  functions, 
F  (Semi tangent,  T;  E^xtemal  Distance,  E;  and  Lonr  Chord,  O)  for 
a  D*  curv,  as  found  by  dividing  the  corresponding  1*  cnrv  function, 
Fi,  of  Table,  pp  905-908,  by  D  in  degi-ees. 

Light  solid  curvs  give  values  to  be  added  for  semitangents,  7*/ 

Llght  dotted  curvs  give  values  to  be  added  for  external  dists,  S. 

Heavy  solid  curvs  give  values  to  be  added  for  long  chords,  O. 
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A 

T„ft. 

Kutt. 

P„ft.  B  A 

Ti,ft. 

Bj.ft. 

Cx.ft. 

!• 

50.00 

0.218 

100.00 

II* 

551.70 

26.500 

1098.3 

10' 

58.34 

0.297 

116.67 

10' 

560.11 

27.313 

1114.9 

20 

66.67 

0.388 

133.33 

20 

56&53 

28.137 

1131.5 

30 

75.01 

0.491 

150.00 

30 

576.95 

28.974 

1148.1 

40 

83.34 

0.606 

166.66 

40 

585.36 

29.824 

1164.7 

50 

91.68 

0.733 

183.33 

50 

593.79 

30.686 

1181.2 

2" 

100.01 

0.873 

199.99 

ia« 

602.21 

31.561 

1197.8 

10' 

108.35 

1.024 

216.66 

10' 

610.64 

32.447 

1214.4 

20 

116.68 

1.188 

233.32 

20 

619.07 

33.347 

1231.0 

30 

125.02 

1.364 

249.98 

30 

627.50 

34.259 

1247.5 

40 

133.36 

1.552 

266.65 

40 

635.93 

35.183 

1264.1 

50 

141.70 

1.752 

283.31 

50 

644.37 

36.120 

1280.7 

S*» 

150.04 

1.964 

299.97 

IS** 

652.81 

37.069 

1297.2 

10' 

158.38 

2.188 

316.63 

10' 

661.25 

38.031 

1313.8 

20 

166.72 

2.425 

333.29 

20 

669.70 

39.006 

1330.3 

30 

175.06 

2.674 

349.95 

30 

678.15 

39.993 

1346.9 

40 

183.40 

2.934 

366.61  1  40 

686.60 

40.992 

1363.4 

50 

191.74 

3.207 

383.27 

50 

695.06 

42.004 

1380.0 

4° 

200.08 

3.492 

399.92 

14« 

703.51 

43.029 

1396.5 

10' 

208.43 

3.790 

416.58 

10' 

711.97 

44.066 

1413.1 

20 

216.77 

4.099 

433.24 

20 

720.44 

45.116 

1429.6 

30 

225.12 

4.421 

449.89 

30 

728.90 

46.178 

1446.2 

40 

233.47 

4.755 

466.54 

40 

737.37 

47.253 

1462.7 

SO 

241.81 

5.100 

483.20 

50 

.  745.85 

48.341 

1479.2 

5* 

250.16 

5.4S9 

499.85 

!»• 

754.32 

49.441 

1495.7 

10' 

258.51 

5.829 

516.50 

lO' 

762,80 

50.554 

1512.3 

20 

266.86 

6.211 

533.15 

20 

771.29 

51.679 

1528.8 

30 

275.21 

6.606 

549.80 

30 

779.77 

52.818 

1545.3 

40 

283.57 

7.013 

566.44 

40 

788.26 

53.969 

1561.8 

50 

291.92 

7.432 

583.09 

50 

796.75 

55.132 

1578.3 

e« 

300.28 

7.863 

599.73 

ie» 

805.25 

56.309 

1594.8 

10' 

308.64 

8.307 

616.38 

10' 

813.75 

57.498 

1611.3 

20 

316.99 

8.762 

633.02 

20 

822.25 

58.699 

1627.8 

30 

325.35 

9.230 

649.66 

30 

830.76 

59.914 

1644.3 

40 

333.71 

9.710 

666.30 

40 

839.27 

61.141 

1660.8 

50 

342.08 

10.202 

682.94 

50 

847.78 

62.381 

1677.3 

7** 

350.44 

10.707 

699.57 

17° 

856.30 

63.634 

1693.8 

10' 

358.81 

11.224 

716.21 

10' 

864.82 

64.900 

1710.3 

20 

367.17 

11.753 

732.84 

20 

873.35 

66.178 

1726.8 

30 

375.54 

12.294 

749,47 

30 

881.88 

67.470 

1743.2 

40 

383.91 

12.847 

766.10 

40 

890.41 

68.774 

1759.7 

50 

392.28 

13.413 

782.73 

50 

898.95 

70.091 

1776.2 

8* 

400.66 

13.991 

799.36 

18° 

907.49 

71.421 

1792.6 

10' 

409.03 

14.582 

815.99 

10' 

916.03 

72.764 

1809.1 

20 

417.41 

15.184 

832.61 

20 

924.58 

74.119 

1825.5 

30 

425.79 

15.799 

849.23 

30 

933.13 

75.488 

1842.0 

40 

434.17 

16.426 

865.85 

40 

941.69 

76.869 

1858.4 

50 

442.55 

17.066 

882.47 

50 

950.25 

78.264 

1874.9 

»• 

450.93 

17.717 

899.09 

19« 

958.81 

79.671 

1891.3 

10' 

459.32 

18.381 

915.70 

10' 

967.38 

81.092 

1907.8 

20 

467.71 

19.058 

932.31 

20 

975.96 

82.525 

1924.2 

30 

476.10 

19.746 

948.92 

30 

984.53 

83.972 

1940.6 

40 

484.49 

20.447 

965.53 

40 

993.12 

85.431 

1957.1 

50 

492.88 

21.161 

982.14 

50 

1001.70 

86.904 

1973.5 

10«» 

501.28 

21.886 

998.74 

20« 

1010.29 

88.389 

1989.9 

10' 

509.68 

22.624 

1015.35 

10' 

1018.89 

89.888 

2006.3 

20 

518.08 

23.375 

1031.95 

20 

1027.49 

91.399 

2022.7 

30 

526.48 

24.138 

1048.54 

30 

1036.09 

92.924 

2039.1 

40 

534.89 

24.913 

1065.14 

40 

1044.70 

94.462 

2055.5 

50 

543.29 

25.700 

1081.73 

50 

1053.31 

96.013 

2071.9 

11« 

551.70 

26.500 

1098.33 

21  o 

1061.93 

97.577 

2088.3 

FUNCTIONS   OF   A    1      CUBV. 


Ti,  ft. 

Euft. 

Cx.ft. 

A 

T„ft. 

Buft. 

Ci.  ft 

1061.9 

97.58 

2088.3 

Sl» 

1589.0 

216.25 

3062.4 

1070.6 

99.15 

2104.7 

10' 

1598.0 

218.66 

3078.4 

1079.2 

100.75 

2121.1 

20 

1606.9 

221.08 

3094.5 

1087.8 

102.35 

2137.4 

30 

1615.9 

223.51 

3110.5 

1096.4 

103.97 

2153.8 

40 

1624.9 

225.96 

3126.6 

llOS.l 

105.60 

2170.2 

50 

1633.9 

228.42 

3142.6 

1113.7 

107.24 

2186.5 

S2* 

1643.0 

230.90 

3158.6 

1122.4 

108.90 

2202.9 

10' 

1652.0 

233.39 

3174.6 

1131.0 

110.57 

2219.2 

20 

1661.0 

235.90 

3190.6 

1139.7 

112.25 

2235.6 

30 

1670.0 

238.43 

3206.6 

1148.4 

113.95 

2251.9 

40 

1679.1 

240.96 

3222.6 

11S7.0 

115.66 

2268.3 

50 

1688.1 

243.52 

323&6 

1165.7 

117.38 

2284.6 

8S" 

1697.2 

246.08 

3254.6 

1174.4 

119.12 

2301.0 

10' 

1706.3 

248.66 

3270.6 

1183.1 

120.87 

2317.3 

20 

1715.3 

251.26 

3286.6 

1191.8 

122.63 

2333.6 

30 

1724.4 

253.87 

3302.5 

1200.5 

124.41 

2349.9 

40 

1733.5 

256.50 

3318.5 

1209.2 

126.20 

2366.2 

50 

1742.6 

259.14 

3334.4 

1217.9 

128.00 

2382.5 

«4«» 

1751.7 

261.80 

3350.4 

1226.6 

129.82 

2398.8 

10' 

1760.8 

264.47 

3366.3 

1235.3 

131.65 

2415.1 

20 

1770.0 

267.16 

3382.2 

1244.0 

133.50 

2431.4 

30 

1779.1 

269.86 

3398.2 

1252.8 

135.36 

2447.7 

40 

1788.2 

272.58 

3414.1 

1261.5 

137.23 

2464.0 

50 

1797.4 

275.31 

3430.0 

1270.2 

139.11 

2480.2 

»• 

1806.6 

278.05 

3445.9 

1279.0 

141.01 

2496.5 

10' 

1815.7 

280.82 

3461.8 

1287.7 

142.93 

2512.8 

20 

1824.9 

283.60 

3477.7 

1296.5 

144.85 

2529.0 

30 

1834.1 

286.39 

3493.5 

1305.3 

146.79 

2545.3 

40 

1843.3 

289.20 

3509.4 

1314.0 

148.75 

2561.5 

50 

1852.5 

292.02 

3525.3 

1322.8 

150.71 

2577.8 

as* 

1861.7 

294.86 

3541.1 

1331.6 

152.69 

2594.0 

10' 

1870.9 

297.72 

3557.0 

1340.4 

154.69 

2610.3 

20 

1880.1 

300.59 

3572.8 

1349.2 

156.70 

2626.5 

30 

1889.4 

303.47 

3588.6 

1358.0 

158.72 

2642.7 

40 

1898.6 

306.37 

3604.5 

1366.8 

160.76 

2658.9 

50 

1907.9 

309.29 

3620.3 

1375.6 

162.81 

2675.1 

S7*> 

1917.1 

312.22 

3636.1 

1384.4 

164.87 

2691.3 

10' 

1926.4 

315.17 

3651.9 

1393.2 

166.95 

2707.5 

20 

1935.7 

318.13 

3667.7 

1402.0 

169.04 

272Z.7 

30 

1945.0 

321.11 

3683.5 

1410.9 

171.15 

2739.9 

40 

1954.3 

324.11 

3699.3 

1419.7 

173.27 

2756.1 

50 

1963.6 

327.12 

3715.0 

1428.6 

175.41 

2772.3 

S8«> 

1972.9 

330.15 

3730.8 

1437.4 

177.55 

2788.4 

10' 

1982.2 

333.19 

3746.5 

1446.3 

179.72 

2804.6 

20 

1991.5 

336.25 

3762.3 

1455.1 

181.89 

2820.7 

30 

2000.9 

339.32 

3778.0 

1464.0 

184.08 

2836.9 

40 

2010.2 

342.41 

3793.8 

1472.9 

186.29 

2853.0 

50 

2019.6 

345.52 

3809.5 

1481.8 

188.51 

2869.2 

W» 

2029,0 

348.64 

3825.2 

1490.7 

190.74 

2885.3 

10' 

2038.4 

351.78 

3840.9 

1499.6 

192.99 

2901.4 

20 

2047.8 

354.94 

3856.6 

1508.5 

195.25 

2917.6 

30 

2057.2 

358.11 

3872.3 

1517.4 

197.53 

2933.7 

40 

2066.6 

361.29 

3888.0 

1526.3 

199.82 

2949.8 

50 

2076.0 

364.50 

3903.6 

1535.3 

202.12 

2965.9 

40« 

2085.4 

367.72 

3919.3 

1544.2 

204.44 

2982.0 

10' 

2094.9 

370.95 

3935.0 

1553.1 

206.77 

2998.1 

20 

2104.3 

374.20 

3950.6 

1562.1 

209.12 

3014.2 

30 

2113.8 

377.47 

3966.3 

1571.0 

211,48 

3030.2 

40 

2123.3 

380.76 

3981.9 

1580.0 

213.86 

3046.3 

50 

2132.7 

384.06 

3997.5 

1589.0 

216.25 

3062.4 

41  •» 

2142.2 

387.38 

4013.1 
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A 

T„ft. 

Viuit. 

Ci.ft. 

A 

T,.ft. 

Kutt. 

Cx,! 

*!• 

2142.2 

387.38 

4013.1 

51** 

2732.9 

618.39 

4933 

lO* 

2151.7 

390.71 

4028.7 

10' 

2743.1 

622.81 

4948 

20 

2161.2 

394.06 

4044.3 

20 

2753.4 

627.24 

4963 

30 

2170.8 

397.43 

4059.9 

30 

2763.7 

631.69 

4978 

40 

2180.3 

400.82 

4075.5 

40 

2773.9 

636.16 

4993 

50 

2189.9 

404.22 

4091.1 

50 

2784.2 

640.66 

500« 

«• 

2199.4 

407.64 

4106.6 

62« 

2794.5 

64S.17 

5023 

10' 

2209.0 

411.07 

4122.2 

10' 

2804.9 

649.70 

5034 

20 

2218.6 

414.52 

4137.7 

20 

2815.2 

654.25 

5053 

30 

2228.1 

417.99 

4153.3 

30 

2825.6 

658.83 

5068 

40 

2237.7 

421.48 

4168.8 

40 

2835.9 

663.42 

5083 

SO 

2247.3 

424.98 

4184.3 

50 

2846.3 

668.03 

5098 

4S*» 

2257.0 

428.50 

4199.8 

IW« 

2856.7 

67a.66 

5113 

10' 

2266.6 

432.04 

4215.3 

10' 

2867.1 

677.32 

5128 

20 

2276.2 

435.59 

4230.8 

20 

2877.5 

681.99 

5142 

30 

2285.9 

439.16 

4246.3 

30 

2888.0 

686.68 

5157 

40 

2295.6 

442.75 

4261.8 

40 

2898.4 

691.40 

5172 

50 

2305.2 

446.35 

4277.3 

50 

2908.9 

696.13 

5187 

44^ 

2314.9 

449.98 

4292.7 

54'' 

2919.4 

700.89 

5202 

10' 

2324.6 

453.62 

4308.2 

10' 

2929.9 

705.66 

5217 

20 

2334.3 

457.27 

4323.6 

20 

2940.4 

710.46 

5232 

30 

2344.1 

460.95 

4339.0 

30 

2951.0 

715.28 

5246 

40 

2353.8 

464.64 

4354.5 

40 

2961.5 

720.11 

5261 

50 

2363.5 

468.35 

4369.9 

50 

2972.1 

724.97 

5276 

45  <> 

2373.3 

472.08 

4385.3 

5»<> 

2982.7 

729.85 

5291 

10' 

2383.1 

475.82 

4400.7 

10' 

2993.3 

734.76 

5306 

20 

2392.8 

479.59 

4416.1 

20 

3003.9 

739.68 

5320 

30 

2402.6 

483.37 

4431.4 

30 

3014.5 

744.62 

5335 

40 

2412.4 

487.16 

4446.8 

40 

3025.2 

749.59 

5350 

50 

2422.3 

490.98 

4462.2 

50 

3035.8 

754.57 

5365 

460 

2432.1 

494.82 

4477.5 

6««> 

3046.5 

759.58 

5379, 

10' 

2441.9 

498.67 

4492.8 

10' 

3057.2 

764.61 

5394, 

20 

2451.8 

502.54 

4508.2 

20 

3067.9 

769.66 

5409 

30 

2461.7 

506.42 

4523.5 

30 

3078.7 

774.73 

5423 

40 

2471.5 

510.33 

4538.8 

40 

3089.4 

779.83 

5438. 

50 

2481.4 

514.25 

4554.1 

50 

3100.2 

784.94 

5453, 

47«» 

2491.3 

518.20 

4569.4 

B7« 

3110.9 

790.08 

5467 

10' 

2501.2 

522.16 

4584.7 

10' 

3121.7 

795.24 

5482. 

20 

2511.2 

526.13 

4599.9 

20 

3132.6 

800.42 

5497 

30 

2521.1 

530,13 

4615.2 

30 

3143.4 

805.62 

5511. 

40 

2531.1 

534.15 

4630.4 

40 

3154.2 

810.85 

5526 

50 

2541.0 

53&18 

4645.7 

50 

3165.1 

816.10 

5541. 

48'» 

2551.0 

542.23 

4660.9 

58° 

3176.0 

821.37 

5555. 

10' 

2561.0 

546.30 

4676.1 

10' 

3186.9 

826.66 

5570. 

20, 

2571.0 

550.39 

4691.3 

20 

3197.8 

831.98 

5584, 

30 

2581.0 

554.50 

4706.5 

30 

3208.8 

837.31 

5599. 

40 

2591.1 

558.63 

4721.7 

40 

3219.7 

842.67 

5613. 

50 

2601.1 

562.77 

4736.9 

50 

3230.7 

848.06 

5628. 

4«' 

2611.2 

566.94 

4752.1 

5»» 

3241.7 

853.46 

5642. 

10' 

2621.2 

571.12 

4767.3 

10' 

3252.7 

858.89 

5657. 

20 

2631.3 

575.32 

4782.4 

20 

3263.7 

864.34 

5671. 

30 

2641.4 

579.54 

4797.5 

30 

3274.8 

869.82 

5686. 

40 

2651.5 

583.78 

4812.7 

40 

3285.8 

875.32 

5700. 

50 

2661.6 

588.04 

4827.8 

SO 

3296.9 

880.84 

5715. 

B0» 

2671.8 

592.32 

4842.9 

60° 

3308.0 

886.38 

5729. 

lO' 

2681.9 

596.62 

4858.0 

10' 

3319.1 

891.95 

5744. 

20 

2692.1 

600.93 

4873.1 

20 

3330.3 

897.54 

5758. 

30 

2702.3 

605.27 

4888.2 

30 

3341.4 

903.15 

5772. 

40 

2712.5 

609.62 

4903.2 

40 

3352.6 

908.79 

5787. 

50 

2722.7 

614.00 

4918.3 

50 

3363.8 

914.45 

5801. 

51« 

2732.9 

618.39 

4933.4 

61° 

3375.0 

920.14 

5816. 
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l,ft. 

Bi,  ft. 

Ci.ft. 

A 

To.  ft. 

Bi,ft 

Cft, 

375.0 

920.14 

5816.0 

71« 

408&9 

1308.2 

6654.4 

186.3 

925.85 

5830.4 

10' 

4099.5 

1315.5 

6668.0 

197.5 

931.58 

5844.7 

20 

4112.1 

1322.9 

6681.6 

}08.8 

937.34 

5859.1 

30 

4124.8 

1330.3 

6695.1 

120.1 

943.12 

5873.4 

40 

4137.4 

1337.7 

6708.6 

mA 

948.92 

5887.7 

50 

4150.1 

1345.1 

6722.1 

442.7 

954.75 

5902.0 

720 

4162.8 

1352.6 

6735.6 

♦  54.1 

960.60 

5916.3 

10' 

4175.6 

1360.1 

6749.1 

J6S.4 

966.48 

5930.5 

20 

4188.4 

1367.6 

6762.5 

♦76.8 

972.39 

5944.8 

30 

4201.2 

1375.2 

6776.0 

♦88.2 

978.31 

5959.0 

40 

4214.0 

1382.8 

6789-4 

♦99.7 

984.27 

5973.3 

50 

4226.8 

1390.4 

6802.8 

511.1 

990.24 

5987.5 

7S» 

4239.7 

1398.0 

6816.3 

522.6 

996.24 

6001.7 

10' 

4252.6 

1405.7 

6829.6 

534.1 

1002.3 

6015.9 

20 

4265.6 

1413.5 

6843.0 

545.6 

1008.3 

6030.0 

30 

4278.5 

1421.2 

6856.4 

557.2 

1014.4 

6044.2 

40 

4291.5 

1429.0 

6869.7 

568.7 

1020.5 

6058.4 

50 

4304.6 

1436.8 

6883.1 

580.3 

1026.6 

6072.5 

74* 

4317.6 

1444.6 

6896.4 

591.9 

1032.8 

6086.6 

10' 

4330.7 

1452.5 

6909.7 

603.5 

1039.0 

6100.7 

20 

4343.8 

1460.4 

6923.0 

615.1 

1045.2 

^114.8 

30 

4356.9 

1468.4 

6936.2 

626.8 

1051.4 

6128.9 

40 

4370.1 

1476.4 

6949.5 

638.5 

1057.7 

6143.0 

50 

4383.3 

1484.4 

6962.8 

650.2 

1063.9 

6157.1 

TO* 

4396.5 

1492.4 

6976.0 

661.9 

1070.2 

6171.1 

10' 

4409.8 

1500.5 

6989.2 

673.7 

1076.6 

6185.2 

20 

4423.1 

1508.6 

7002.4 

685.4 

1082.9 

6199.2 

30 

4436.4 

1516.7 

7015.6 

697.2 

1089.3 

6213.2 

40 

4449.7 

1524.9 

7028.8 

709.0 

1095.7 

6227.2 

50 

4463.1 

1533.1 

7041.9 

720.9 

1102.2 

6241.2 

T6« 

4476.5 

1541.4 

7055.0 

732.7 

1108.6 

6255.2 

10' 

4489.9 

1549.7 

7068.2 

744.6 

1115.1 

6269.1 

20 

4503.4 

1558.0 

7081.3 

756.5 

1121.7 

6283.1 

30 

4516.9 

1566.3 

7094.4 

768.5 

1128.2 

6297.0 

40 

4530.4 

1574.7 

7107.5 

780.4 

1134.8 

6310^ 

50 

4544.0 

1583.1 

7120.5 

792.4 

1141.4 

6324.8 

TT* 

4557.6 

1591.6 

7133.6 

804.4 

1148.0 

6338.7 

10' 

4571.2 

1600.1 

7146.6 

816.4 

1154.7 

6352.6 

20 

4584.8 

1608.6 

7159-6 

828.4 

1161.3 

6366.4 

30 

4598.5 

1617.1 

7172.6 

840.5 

1168.1 

6380.3 

40 

4612.2 

1625.7 

7185.6 

852.6 

1174.8 

6394.1 

50 

4626.0 

1634.4 

7198.6 

864.7 

1181.6 

6408.0 

T8« 

4639.8 

1643.0 

7211.6 

876.8 

1188.4 

6421.8 

10' 

4653.6 

1651.7 

7224.5 

889.0 

1195.2 

6435.6 

20 

4667.4 

1660.5 

72S7.4 

901.2 

1202.0 

6449.4 

30 

4681.3 

1669.2 

7250.4 

913.4 

1208.9 

6463.1 

40 

4695.2 

1678.1 

7263.3 

925.6 

1215.8 

6476.9 

50 

4709.2 

1686.9 

7276.1 

937.9 

1222.7 

6490.6 

7»« 

4723.2 

1695.8 

7289.0 

950.2 

1229.7 

6504.4 

10' 

4737.2 

1704.7 

7301.9 

962.5 

1236.7 

6518.1 

20 

4751.2 

1713.7 

7314.7 

974.8 

1243.7 

6531.8 

30 

4765.3 

1722.7 

7327.5 

987.2 

1250.8 

6545.5 

40 

4779.4 

1731.7 

7340.3 

999.5 

1257.9 

6559.1 

50 

4793.6 

1740.8 

7353.1 

011.9 

1265.0 

6572.8 

80° 

4807.7 

1749.9 

7365.9 

024.4 

1272.1 

6586.4 

10' 

4822.0 

1759.0 

7378.7 

036.8 

1279.3 

6600.1 

20 

4836.2 

1768.2 

7391.4 

049.3 

1286.5 

6613.7 

30 

4850.5 

1777.4 

7404.1 

061.8 

1293.7 

6627.3 

40 

4864.8 

1786.7 

7416.8 

D74.4 

1300.9 

6640.9 

50 

4879.2 

1796.0 

7429.5 

086.9 

1308.2 

6654.4 

81° 

4893.6 

1805.3 

7442,2 
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41.  BasHsh   ^   Metric.     Fig    13.      Comparison   betw   currs   in 
Biifiish  and  metrfc  (or  other)  measures.     Again,  let 
c    =  c    =  a  chain  of  n  meters  (A  =  D  ). 
C  =  C  =  A  chain  of  100  feet    (A  =  D'). 


V 

E'  \v      ^  \r' 

W                   3<^            / 

\\                      ^  ^^^\                / 

^?v 

V/ 

FIv.  13.   (Repeated) 


in   Fig  13,  altbo  of  diflP  sharpnesses,  nre 
of  deg  .  .     ..        , 


Then  the  two  curvs,  i 
called  by  the  same  number  of  degrees ;  because,  in  each,  the  adopted 
chain  subtends  the  same  angle,  D  =  D'. 

For  instance,  from  eq  (43),  we  have 

R  meters  c  meters  n 

=    =    ;  and 

R'  feet  c'  feet  100 

c  meters 

R  meters  =  12'  ft =  12'  ft  n/100.    Or,  in  general : — 

c'  feet 

F     =     F*c/c'     =     0.01  n/f"   (44) 

Example.  Let  A  =  1>  =  ^'  =  6*  ;  R'  =  955.366  ft.  (table,  p  886). 
Then,  in  a  6*  metric  curv  (c  =  20  meters;  n  =  20),  we  have: — 
/{meters  =  0.01  X  20 R'  =  0.2  X  955.366  =  191.073  meters. 
Similarly,  any  table  of  linear  curv  functions,  in  any  unit  (as  in 
feet.  Table  p  884),  may  be  used  for  a  curv  in  any  bther  unit,  by 
multiplying  the  tabular  values  by  the  ratio  betw  the  numbers  ex- 
pressing the  chain  lengths  of  the  two  systems.  The  results  (prod- 
acts)  will  be  In  said  other  unit. 

42.  Fig  13.     BITect  of  a1iarpneaa«  D,  upon  linear  functions 

of  entire  curv  of  given  sweep.  A-     Comparison  betw   1*   and  I>* 
curvs.     Ratio  betw  exact  and  approx  values. 

Let  Pi  (function  of  1*  curv)  =  the  radius,  Ri,  or  the  long  chord. 
Cx,  or  the  semitan,  Tu  etc,  for  a  1*  curv,  of  given  sweep,  A ;  and 
let  Fd  =   the  corresponding  function  of  a  D*   cnry  of  the  same 

sweep.    A.  Digitized  by  L^OOgle 
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Then,  where  the  '*dim4nisht"  chain  (K  20)  is  used,  we  have, 

iD  In  degree*) 
'4     =     Fi/D;      Fj     =     DFd (45) 

But,  where  the  Jull  chain  is  used,  these  equations  are  only  ap- 
prox.  For  the  ratio,  q,  betw  the  true  value,  Fd.  and  the  approx 
value,  F^/D,  we  have:  Ri  =  50/sin0'30'  =  5729.65;  log  Jii  - 
3.758  1281. 

/        F4     _     i?*    \  60  D  sin  ©•  30' 

^  \    'fJd  ~  rJd  )  ■" 


sin  (D/2) 


50 
=    D 


sin  0'  30* 
sin  (D/2) 


(46) 


and,  since  (eq  41,  H  38)  Q  =  —  =: 
o 


360 


w 
360 


sin  (D/2) 

1 


sin  (D/2) 

sin  (D/2) 

D  sin  0*  30' 


we  have : — 


360       sin  0'  30' 
Log    (Q/q)      =     0.0000055. 


=     1.000  013    (47) 


In  other  words,  the  value  of  Q  (  =  arc/chord),  In  table,  f  37, 
for  any  given  value  of  A,  may  be  taken  as  practically  identical 
with  the  value  of  «  [  =  Fa/iFi/D)h  for  the  same  value  of  D, 


43.  Figs   14a.   14b.     As  between  two  curvs  of  equal  lenfrtl 

La  or  Lc.  the  sharper  {Fig  14a)  of  course  has  the  shorter  radiui 


R;  but  ft  has  the  greater  sweep.  A,  and  the  greater  values  of 
T,  M,  E,  Mk  and  Y.     (Compare  J_40.y_  These  values  may  be  found 


by  means  of  the  equations  in  p  891,  V  84. 

44.  Fig  15.     Sub-chains,   c$,  a,  Cf*   See   f  24. 
begin  at  A,  w  ft  beyond  y,  and  end  at  B. 


Let  the  curr 


•Where  it  is  necessary  to  distinguish  betw  the  initial  and  the 
final  sub-chain,  we  use  the  subscripts,  i  and  f,  reapectlvely.  Other- 
wise we  use  the  subscript,  s.  ,    r^r^^^x^ 

Digitized  by  V^OOglC 
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If  a b    =    a  dlmlalahed  ehala    =    nearly  100  ft,  and  amb    n= 

a  unit  arc    =     100  ft  (see  |20),  we  have:— 
initial  BQb-arc,  A  a     =     100  —  «; 

100— «c 

initial  snb-angle,  di     =    D ; 

100 

sin  (di/2) 
IniUal  Bnb-chain,  oi  =  A  a  =  2  /S  sin  idi/2)  =  c .  .  (48) 


Haying  located  h,  we  have : — 
final  sub-angle,  df     =     hO  B     =     2h  A  B; 


sin  (D/2) 


final  sub-arc,  hB     =     100  —  ; 
D 


final  sub-chain,  Cf 


bB 


2i?sln  idf/2)    =  o 


sin  idf/2) 


sin  iD/2) 
=     Ba     =     100  —   (final  sub-arc.  b  B)    (-^O) 


45.  Fig  15.  IVlth  th«  tall  chain,  (o  =  a  5  =  100  ft ;  unit 
arc,  a  =  amb,  >  100  ft)  we  have  : — 

initial  RUb-chaln.  a     =     A  a     =     100  ft  —  to; 
for  initial  sub-angle ; 

di  a  Bin(f)/2) 

sin  —     =     =     a  (50) 

2  2R  100 

Having  located  b,  we  have,  as  before : — 
final  sub-angle,  df     =     bOB     =     2b  A  B;  and 

8in(dr/2) 

final  sub-chain,  Cf     =     bB     =     2Rs[nidf/2)    =    100  ; 

sin(D/2) 
but  0     =     B  ar     =     100  ft  —   final  aub^Jiain,  Cf    (51) 

46.  Fig  15.  Approximate  or  ^nominal"  valoes  of  Ci*  and 
of  d.     HVlth  either  full  or  dlmlnliiht  unit  chain,  let 

Cm     =     the  true  value  of  either  sub-chain,  as  found  above ; 
d      =     the  true  value  of  the  corresponding  sub-angle ; 
e       =     the  full  or  dlmlnlsht  chain  used,  as  the  case  may  be ; 
Cm     =     od/D     =     the  approx   or  "nomlnar*  value  of  c$  ; 
dn     =     D  o»/0     =     the   approx   or   "nominal"    value   of   d. 

*  Where  it  is  necessarv  to  distinguish  betw  the  Initial  and  the 
final  sub-chain,  we  use  the  subscripts,  i  and  /,  respectively.  Other- 
wise we  use  the  subscript,  a.  Digitized  by  L^OOgle 
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rfn-    >     d;        —     =     — 


.(62) 


and,  for  100  ft  chain  or  100  ft  unit  arc,  approx, 
c«     —     Cn     =     8{Q  —  1) 


.(53) 


arc 


where  Q     =     valne  of (table,  H  37)  for  the  given  value  of  D, 

chord 
and  8     =     0.  coefficient  as  per  Fig  10,  below. 


FiK.  le. , 


40 

,^ 

^m 

^^ 

• 

N, 

^j»0 

/ 

V 

?1«. 

/ 

\ 

y 

> 

? 

/ 

V 

^10 

y 

\ 

0 

LA 

> 

0^    0.1    0.S   0.4    q. 


Vn 


0.6     0.7     0.8      0.9  1.0 


Coefficient,  B,  for  deducing  true  value,  c«,  of  sub-chnln,  from  Its 
"nominal"  value,  fti  =  C(//D. 


47.  For  any  value,  c,  of  the  chain  or  unit  arc  other  than  100 
ft,  we  have: — 

c.  —  c„  =  S  (Q  —  1)  c/100 (54) 

48.  From  \  27,  we  have,  approx : — 

BlnOM'   :  8ln(d/2)     =     1  mln    :  d/2  in  mlns;  or 

sub-chain 

d/2  In  mlns  =  sin  (d/2)   -^  0.0002009  =  3437  ...(55) 

2  R 
40.   If,  in  a  given  circular  curv,  the  full  chain  and  the  sub-chain 
be  divided  Into  the  same  number  of  equal   parts,  their  ordinates 
are  approx  as  the  squares  of  the  chain  lengths. 

COMPOUND  CURVS 

Compare  Reverse  CJurvs,  \  \  70,  etc. 
DeflntttonB 

50.  Flgrs  17,  18.  Compound  curvs.  When  two  consecutiv  curve, 
A  P  and  P  B,  of  unequal  radii,  Rt  and  Ra,  curv  in  the  same  direc- 
tion (both  to  the  right  or  both  to  the  left),  they  are  said  to  be 
compounded,  and  the  entire  curv,  AP  B,  is  called  a  compound  curv. 

51.  Branches.  The  two  portions,  A  P  and  P  B,  of  the  compound 
curv,  are  called  its  branches.  They  lie  on  the  same  side  of  the 
common  tangent,  Vg  V;  Their  meeting  point,  P,  or  common  tangent 
point,  is  the  point,  "C.  C."  of  change  from  curv  to  curv.  It  Is 
also  called  the  "P.  C.  C."  or  point  of  compound  curvature.    See  f  2. 

52.  Radii.  The  centers,  O9  and  0$,  of  the  two  branches,  are 
necessarily  in  a  straight  line  with  the  P.  C  C.  (P)  :  i.  e,,  the  two 
radii,  being  normal  to  the  common  tangent,  Vg  v$,  at  P.  coincide  In 
0$  P.  At  A  and  at  B,  the  radii  are  normal  respectively  to  the 
semitangents,  AV,  V  B,  of  the  entire  curv. 

53.  The  vertex,  T,  of  the  entire  compound  curv,  Is  usually  not 
(as  it  is  in  Fig  17)  In  Og  P  produced.     See  K  H  57  and  146. 

64.  Snbacrlpta.  Rg  is  the  greater  radius;  and  its  sweep,  ttemi- 
tangent,  etc.,  are  lettered  A?  (or  simply  p),  Tg,  etc.,  respectlvly ; 
and  similarly  for  the  shorter  radius,  R»,  with  its  sweep,  A«»  (or  «). 
semitangent,  T«,  etc. 
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55.  The  a«mitani;enta  of  tbe  entire  compound  curv,  A  P  B,  are 
Tf  and  T»,  perpendicular  respectlvly.  at  A  and  at  B,  or  vice  versa, 
to  the  radii,  Rp  and  R:  Tbe  semitansientB  of  the  two  branches, 
respectlvly,  are  U    =    vg  P,  and  U    =    P  v». 

56.  If  (as  usual,  and  as  In  Figs  17,  18)  A  <  ISO"",  we  find 
Tp  >  T,;  but,  when  A  >  180°  <  360%  T,  <  T,.  See  1160. 
If  A    =    180',  Tp  and  T»  are  Inflnit,  and  tnere  is  no  vertex,  V. 


FlflT.  17. 

Equations 

57.  Fig  17.  In  the  special  case  where  the  vertex,  V,  lies  in  tbe 
common  radial  line,  Op  P,  produced,  we  have 

V  P     =     Rp  exscc  0     =     R'  exsec  a. 
Hence 

Rp  cxsec  8  1    —    cos  s  cos  g 

=    =    .    (oG) 

Ra  exsec  g  cos  a  1    —    cos  o 

Hence,  in  this  special  case,  we  have  s  >  g,  or  the  ahortcr 
radius,  R>,  has  the  greater  sweep,  «,  and  vice  versa. 

In  this  case,  also,  we  have: — 
Tp     =     Rptving;         T$     =     R,tana; 
TptAn(0/2)      =      r^tany^P     =     Tp  tan  B'VB 

=      B'B     =     VP     =     A'A 

=      T,  tan(«/2)  ;  or 

Tp  tan(«/2) 

■—    =    (67) 

T.  tan(i7/2) 

Sweeps,  A*,  A«*  A- 

58.  Figs  18.  The  sweeps.  A*  (or  g)  and  A*  (or  »)  of  the  two 
branches,  may  be  equal  or  unequal ;  and,  in  general,  either  may  be 
the  greater ;  but  see  the  special  case  of  K  57. 

Since  both  branches  curv  in  the  same  direction   (right  or  loft), 
we  have,  for  the  sweep,  Af  o'  the  entire  compound  curv,  A  P  B : — 
A     =     y     +     «;        0     =     A     —     s;        a     z=:     ^    --    g  ..(58) 
See  also  eq  (60).  Digitized  by  L^OOglC 
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In  Fig  18a 

In  F\g  185 

Draw  Puw  l  0«  B.   Then  sin  8 

Draw  Puw  l  Op  A.   Then  sin  g 

Pw               Pu 

U1C                  P  w  — P  u 

Rt                R,                OgO,       "        R,-R,                "'"" 

CO.  Ancles^  A  and  B.   Let  V AB    =    A;      YBA    =    B.  Then: 

.(60) 


A    (    =    180'     -    A7B)   =  A  H-  B/  J   =  A  -  B; 

i>  =  A  -  ^. 


See  also  eg  (58). 


Pig:./ 18  a. 


00.  AnflTlM  TAP  and  V  B  P. 

Y  AP  =  g/2\         YBP-  «/2  ; 

V  U  P  -^    V  AP     =  «/2  H-  (7/2     =    («  +  o)/2  =  A/2 

niP  -   VAP      zz  8/2  —  g/2     =    (»  -  i7)/2  =  A/2  —  (7..  (01) 

61.  Ltons  chord,  Cteitm     =     A  B.    See  also  1164. 


In  Pig  18o 


In  Fig  185 


Draw  Ak  i,  BY.    Then 

A  k  =2  Cdmif  sin  B  =   Tff  Bin  A 


Draw  Bk  I  AY.    Then 

Bk  =  Odeif  sin  A   =   T^a  sin  A 


and  Cd«ifa     =     T*  sin  A/sin  B     =     T«  sin  A/sin  A 
See  also  eqs   (66)    and   (67) 


.(62) 
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Fig.   18a. 


Fig.   1S6. 


62.  Produce  liranch  A  P 
to  n.  making 
0,n  i  0,B.   Then  P,  B  and  n 


Produce  branch  B  P 
to  n,  making 
OmII  0  OgA,   Then  P,  n  and  .1 


are  la  n  straight  line. 
Ansle.  U/2. 


Join  A  n,  and  draw  n  F^  ||  B  V. 
Draw  B  5  0  -^  »• 
LetB-4n(=^B6)  =  U/2. 


Join  /?  n,  and  draw  n  T'*   ||  J.  V. 

Draw  A  a  II  i/  n. 

Let  4Bn  (  =  BAa)   =  V/2. 


Then 


A     =     A/2     —  V/2     =      (A  — C7)/2 

B     =     A/2     +  ^72     =      (A+l/i/2   (G3) 

Adding,  we  have     A    -^    B  =     Ai  as  in  eq   (60)  ; 

Subtracting,  we  have 

B      —     A     =     U;         B     =  A     -^      U;         A     =     B     —     U  ; 

17     =     A-2A     =     22I-A     (64) 


rig.  18  b. 


00.  Then 


In  Fig  18a 


O,  Vg,  i  An,  bisects  An; 
A  Opn  =  A ;  and 
AOpVt  =   F,  Oir  n  =  A/2. 


In  Fig  18b 


O.  F«,  I  B  n,  bisects  B  n; 
B  Oi  n  =   A  ;  and 
BO,r,=zV,  0<  fiCaO^le.  (65 J 


916  BAILBOADS. 

64.  I4011V  chord,  0*01  tQ     =     A  B.     Bee  also  f  61. 


Fig.  18a. 


Fig.  186. 


Draw  V  a  and  B  a'  ||  OfVf^An. 
Then  Cd.iia  sin  (17/2)   =  Bfl' 


Draw  F  a  and  A  a'  |  0«  F«  j.  B  a. 
Then  Cd^ttm  sin  ({7/2)   =  AoT 


Hence 


=  Va  -  Vh 

=     r,  sin  (A/2)      -     T.  8ln(A/2) 

=  (T,  -  T,)  Bln(  A/2). 

sin  (A/2) 


Bln(  17/2) 
See  also  eqs   (62)  and   (67). 


.(66) 


We  have,  also 

Cd«n.   =      \A&"  +  5fc«   = 

(7*.ir.    =      VBJfc*  +  A*»  = 

-V  (T,  Bin  A)* +(!r.  -  r,coflAt )' 

\(r.  sin  A)*  H-  (n  -  r,  cosAt )' 
....(67) 

Bee  also  eqs  (62)   and   (66). 


65.  Semltaiis«nt8»  T9  and  T«. 

Draw  » or  II  =  0«0«  =  /{«  —  R,, 

meeting  0$  B  produced,  in  0 

meeting  Og  A  in  «. 

Then  Dan   =   9. 

Then  Amn  =  i;. 

Draw  n  r  and  A  m  I|  B  F  1  0#  ». 

Draw  n  r  and  P  m  |  A  F 1  O0  «. 

Then  Ak  =  T^  sin  A 

Then  B  ft  =  Ti  sin  A 

=  mn  —  hn 

=  mn  +  hn 
z=inn-{-  Ar 

^  mn  —  Br 

=  R9  t?cr«A —  i^o  —  B»)  vers  0 

=  J«*  vers  A  +  i^t  —  *•)  ▼«"  p 

(68) 

66.  Branch  scmltanscntSf   f«  and  ti 

VgVt, 

U  (=  v^P)  =  5»tan((7/2) 
^  (=o«P)  =  12«tan(«/2) 
Common  tangent,  vt  vt,     =     tp  •{•  i» 


and  conunoB  tangent. 


.(69) 


Bn  =   2{R,   -^  «.)  8ln(«/2). 


A«  =  2(18^  -  JJ.)  8in(i7/2) 
(70) 


67.  Figs  18a,  186.  Eqs  (G8)  and  (68)  enable  us  to  find  required 
elements  of  compound  curvs,  other  elements  being  given.  See  ex- 
amples, below. 

Kxamplca. 


Given 

Required  elements  Indicated  by  bold  type 

Rf  R$  g  8 

A  la  given  immediately  by  Eq  (58)  and 
T,  and  T«  by  Eq  (68) 

R,  T,  £^  8 

gr     =     A  -  «,  eq  (58) 

Rf  vers  i^  =  Tt  sin  A  +  *•  verso  —  Rm  vers  A.  •  (71) 

Tf  sin  A  =  il»  vers  A  —  (i2y  —  «.)  vers  9   (72) 

t  See  K  69. 
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R*  Tt  b.  g 


»     =     A  —  (?,  eq  (58) 

R«  vers  8  :=  Rff  vers  a  -\-  Tg  sinA  —  Rf  vers  A  • .  •  (73) 

T#  sin  ^  =z  Hs  vers  A  4-  (^ff  —  R')  vers  i^ ( 74 ) 


R0  Rm  T,  a 


(Rf  —  /2«)  versa     =     R»versA  —  T»  sin  A     ..(75) 

g  =  A  -  »,  eq  (58) 

T.  =  Rw  sin  A  —  iRt  —  R')  sin  «  —  T,  cos  A*    • . .  ( 76) 


«.   T,  T,  A 


Tan  <ar/2)   X   (Tt  +  T,  cos  A*  -  R»  sin  A) 

=     T»  sin  A  —  *•  vers  A    (77) 

•     =     A  —  y^  eq  (58) 

RtfSinjT  =  iJ»8ln^+ T**  +  T.  cos  A*  ~  i^*  sin  A- (78) 


Rg  r#  T,  A 


Tan  (»/2)  X  iR»  sin  A  - 
=     ft*  vers  A  —  T*  sin  A 


Tf  cos  A*  —  T,) 


»  =  A  —  «>  eq  (58) 

R«  sin  9  =  Rpsina  —  /?p  sin  A  +  ^»  «os  A*  +  r*  ■ 


(79) 

(80) 


es.  FigB  18.  Given  angles,  A  and  B^  long  chord  C  ttita  =  A  B, 
and  either  Rg  or  ie«,  to  find  g,  m  and  the  other  radlaa.  Find 
A  =  A  H-  B;    T»  and  T,  by  eq  (62). 


xl 

r^^ 

\\ 

>KJ' 

\\ 

/|+\4 

V 

U- 

if 

^^^ 

1* 

\\x^ 

) 

J^J^ 

V 

FtflT.  19. 

Then,  having  Rg  (or  U#),  Tf,  T,  and  A»  And  (/,  <  and  /?.  (or  i?») 
by  eqs  (77)   to  (80). 

68.  Anirlea  o-ver  90*.  When,  owing  to  the  considerable  sweep  of 
the  curv,  or  to  other  causes,  any  of  the  angles  involvd  exceeds  90*. 
attention  must  be  given  to  the  fact  that  the  algebraic  signs 
(  +  and  •—  )  vary  with  the  several  quadrants  of  the  circle.  See 
"I'ositiv  and  negauv  signs",  p  97a. 

Thus,  Pig  19 


In  quadraiftt 

I                 II              III              IV 

Including  angles  from 

0*  to         90«  to        180*  to      270"  to 
90*             180*            270*            360* 

Sine  and  cosecant  are 
Tangent  and  cotangent  are 
S>ecant  and  cosine  are 

plus            plus           minus        minus 
plus          minus          plus          minus 
plus           minus         minus          plus 

•In   our   Pigs    18,    A    >    ®0*.    «-nd    cos   A    Is   therefore   negattv. 
See  f  69. 
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RESVISRSB  CURVS 
Definitions 

70.  Figs  20-23.  Compare  Compound  Corvs.  tl  H  50-69.  WTien  two 
consecutiv  circular  curvs,  A  P  and  P  B,  or  equal  or  of  unequal 
radii,  Ra  and  Rb,  curv  in  opposit  directions  (either  one  to  the 
right,  and  the  other  one  to  the  left)  they  are  said  to  be  reverst, 
and  the  combination  is  called  a  reverse  curv.  Reverse  curvs  are 
flomotimes  unavoidable,  as  in  some  crossovers  and  turnouts ;  but 
elsewhere  they  should  be  avoided. 

71.  The  two  branches,  A  P  and  P  B,  lie  on  opposit  sides  of  the 
common  tangent,  Va  vt.  Their  meeting  point,  P,  or  the  common 
tangent  point,  Is  the  point,  "C.  C."  of  change  from  curv  to  curt;; 
or  point  of  reverse  curvature,  "P.  R.  C."     See  H  2. 

72.  The  centers,  Oa  and  Ob,  of  the  two  branches,  are  necessarily 
In  a  straight  line  with  the  C.  C.  (P),  the  two  radii  being  normal 
to  the  common  tangent,  va  vt,  at  P.  At  A  and  at  B,  the  radii  are 
normal  respectlvly  to  the  tangents,  A  V,  V  B,  of  the  entire  cur\'. 
The  vertex,  V,  is  on  the  side  of  the  greater  sweep. 

73.  The  semitansenta  of  the  entire  reverse  curv  are  Tm  =  A  V 
and  Tb  =  B  V.  See  U  77.  The  scmltangents  of  the  two  branches, 
respectlvly,  are  ta  =  VaP  =  Va  A,  and  tb  ~  vbP  z=.  vb  B.  Conunon 
tangrent,  Va  Vb  =  to  -\-  tb. 


Fl«.  20b. 

74.  Figs  20. 

Fig  20a.     If  V  coincides  with  A,  we  have 

To    (  =  AV)    =     0,   and   Tb    (  =  FB)     = 
Fig  206.     If  V  coincides  with  B,  we  have 

Tb    (=   BV)     =     0.  and   T.    (  =  ,^^KyfeO^ 


AB. 
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75.  The  aiveepii,  A«  An<^  A^   (or,  simply,  a  and  b)   of  the  two 

branches,  may  be  equal  or  unequal,  and  either  may  be  the  greater. 

76.  Since    the    two    branches    deflect    In    oppostt    directions,    the 
resultant  deflection.  A?  due  to  the  reverse  curv  as  a  whole,  is 

A     =     difference  between  a  and  6   (81 ) 


ns.  21. 


77.  Fig  21.  When  the  tangents  are  parallel,  we  have  a  /=  6, 
and  A  (  =  a  —  6)  =0.  Then  T«(  =  A  V)  and  Tb{  =  B  V)  are 
infinit,  there  being  no  vertex,  V.     See  H  79. 

Also,  P  is  in  the  line  A  B. 

E«4aatloiui 

78.  Figs  22  and  23.   Semltansentat  A  Va  and  rb  B,  non  parallel. 

The  P.  B.  C.   (P)   is  not  in  A  B. 


RadU  uneqaaL    Pigs  22. 


Radii  equal.    Figs  23. 

R^      =      Rb      =      R. 


From  the  semi  tan,  il  Va,  at  .€,  lay  off  JCi  /)  =  ZD  A  =  A/2. 


Measure  chord 
AD     =     2y2asin(A/2) 


Measure  chord 
AD     =     2/e8in(A/2). 


Then  /)  Is  a  point  in  the  curv 
Draw   0»D    ||    Ob  B.     Then   A  Oa  D 
Z  X    |]   BV,  and  distant  D  B'   = 
arc  Z>P  (DOaP  =  6),  locating  /'. 


A  P   (produced.  Figs  22b,  23b). 

=   A.     Thru  D,  draw  tangent. 

W,  from   /^  V.     From   D    lay   off 


Measure  the  chords, 
D  P  and  P  B.    Then 
D  B   =  D  P  +  PB 

=  W/8ln(b/2) 

=  2  («•  +  «»)  8in(b/2) 

....(82) 
/26      =  fio  P  B/D  P 

DB 

= Ra  ,.  (83) 

2  sin (5/2) 

Common  tangent, 
Vm  Vb  =   tm  +  U 

a  b 

=  R»  tan  —  +  Rb  tan  — 

2  2 

....(84) 


Mea.**ure  the  chords, 
DP  =  P  B.     Then 
DB  =  DPH-P5 

=  2DP  =   2PB 

=   ■»7sln(6/2)  

=  4/2sln(b/2)   =  2  n' ir  72 
....(82') 
R         =    Ra   =   Rb 


DP 


PB 


2  sin  (6/2) 


Common  tangent, 
Vm  Vb  =  U-\-  tb 


2  8ln(b/2) 
....(83') 


=  ij(tan-^  +  tanl) 


.(84') 


HlnDBvb  =  sin(b/2)   =  W/DiS'^f.^^> 


S.(85) 


J&AlljJCUiLUB. 


70.    Fifs.   21.     Semltansents*  Avm,   v^B, 
parallel. 

A  B  intersects  the  common  tangent,  ra  vh.  In 
the  C.  C.  (P).  a  =  6;  A  =  a  —  &  (or  5  — 
a)  =  0;  Ta  and  T»  Inflnlt;  BAvm  =  ABvh 
=  tf/2  =  b/2. 


Vig.  21  (Repeated.) 

Radii  naeqaal.  Fig 

21. 

RadU  equal,  R»  = 

Rb  =  B. 

W     =   (Ra  -\-  Rh)  vers  o 
=   (Rm  +  Rb)  vers  5 
=  lBBln(o/2) 
=  ABsin(&/2)     ... 

AP 

=  2  «•  sin  (a/2) 

=  2B*W/Ab     .... 

PB  =  2B»sin(V2) 

—  2  iJfc  W/A  B     .... 

..(86) 

..(87) 

. . (88) 

^2) 
..(89) 

W     =  2  A  vers  a 
=  2  K  vers  5 
=  A  B  sin  (a/2) 
=  AB8in(b/2)    . 

AP  =  PB  =  AB/2 
=  2  iJ  Bin (11/2) 
—  2  B  W/A  B   ... 

....(86*) 
... .(87') 

r=  2B8!n(V2) 
=  2  B  W/A  B  ... 

(88') 

ilB  =  AP-^-PB 

=  2  (K.  +  B»)  Bin  (a, 

=    -J  2  TT  (B. -1- i?0 

AB  =  2AP  =  2PB 

s  4B8in(a/2) 

=     V^WR  =  2 
B      =  il  BV4  W  .... 

VWr 

....(89') 
....(90) 

80.  FlgB  22,  23.  As  in  compound  cnrvs,  Kt^en  certain  of  the 
seven  elements,  Rm,  Rb,  Ta,  Tb,  a.  It,  Al  tlie  otAeni  may  be  found. 
For  Instance: — 
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Given 


R*RtTm£^ 


Required  quantities  indicated  by  bold  type 


In  all  cases,  A  =  a  —  borb  —  a. 
Ba  vers  A  +  ^^  sin  A 


versb  = 


.(01) 


T»  r=  7*.  COS  A  +  i2«  Bin  A  :t  (B*  +  A»)  sin  5    ...  (92; 


fi«J2»T»A 


versa  = 


fi>  rers  A  +  r»  «to  A 


(«.  +  «») 
Ta  =  T»  COS  A  +  A»  Bin  A  ±  (A«  +  ^»)  >!»  o 


. . . (93) 
. . . (94) 


FiS.  28a. 


FlflT.  23b. 

CURV  LOCATIOIir. 
81.  VlK  24.  By  Peripheral  or  Defleetlea  Aasles.   See  H  4,  Ac 

Example.     Instrument  at  the  T.C.   {A),  or  at  the  C.T.   (B). 
(For  other  points,  see  HH  84  &c.)  Digitized  by  La OOglC 
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(1)  H  the  cliatntng  begtna  at  A. 


To  locate 


Inst 
at  A 
Lay  off  angle 


Inst 
atB 


Cbainst 


A 
a 
b 
c 
d 
B 


VBA*  =       A/2  =  di/2  +  3  D/2  +  dr/5 

VAa  =  ABa  =  AOa/2  =  di/2  ^ 

VAh  =:ABb  =  A06/2  =  di/2  -f  1  D/2 

VAo  =  ABc  =  AOc/2  =  di/2  +  2  D/2 

VAd=ABd  =  A  Od/2  =  eli/2  +  3  D/2 

VAB     =       A/2  =  di/2+3D/2  +  df/2 


Ci    =  Aa 
=   o5 

=r   cd 
rf    =     dlt 


(2)   If  the  chaining  beglng  nt  B, 


Inst  Inst 

at  A  atB 

Lay  off  angle 


To  locate 


Chains 


B 
d 
o 
b 
a 
A 


VAB*      =      A/2  =  dr/2  +  3D/2  +  di/2 

BAd    =  VBd  =  BOer/2  =  df/2 
BAo    =  VBc  =  BOc/2  =  df/2  +  lD/2 
BAb    =  VBb  =  iiU6/2  =  df/2  -f  2D/2 
^Ao    =  VBa  =  i^Oo/2  =  dr/2  +  3D/2 
rBA  =      A/2  =  dr/2  -f  3D/2  +  di/2 


Of=z  Bd 
o  =z  ac 
o  =  c6 
O   =  5a 

C<  =  Q.I 


82.  For  the  tangent,  at  any  given  station,  as  B,  we  have : — 
Sighting  back  to  the  T.C.,  A  ; 

zBa  rzVBA  =  VAB  =  sum  of  angles  laid  off,  at  A, 'from  tan,  A.V, 
to  given  sta,  B; 

Sighting  back  to  another  station,  as  5; 

zBy  =:  VBb  =  ebB  =  sum  of  angles  laid  off,  at  b,  from  tan,  be,  to 
given  sta,  B. 
etc,  etc. 


rig.  24. 


•Sighting  from  either  end  of  the  curv,  to  the  other  end,  where 
the  chaining  begins,  the  desired  point  is  located  by  the  Intersection 
of  the  line  of  sight  with  the  tan,  BF  or  A  V. 

tThe  chains  given,  a,  c,  etc.  refer  to  their  several  chain  angles. 
VAa,  aAb,  bAc,  etc.  The  total  angle,  VAc,  for  Instance,  requires 
chains  ci  -f-  c  -f-  c.  .  ■ 
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MoTlns  the  InatramcBt.   Transit  Polntiu* 

83.  Fig  24.  When  the  sum,  V  A  d,  of  the  angles,  laid  off  from 
the  tangent  with  the  Inst  at  one  point,  as  A,  exceeds  say  15*  or 
20*,  then,  with  the  rear  end  of  the  chain  held  at  th^  last  preced- 
ing: sta,  as  c,  the  free  end  of  the  chain  may  deviate  materially  from 
its  correct  position,  at  d,  without  detection  by  the  transitman ;  and 
this  difficulty  is  increast  by  the  increast  length  of  sight. 

S4.  In  this  case,  or  when  an  obstacle  prevents  the  laying-off  of 
the  next  angle,  the  instrument  is  moved  to  another  point  ("transit 
point'**),  on  the  curv,  and  the  work  is  continued  thence. 

85.  Liability  to  error  is  much  reduced  by  pursuing,  thruout,  a 
systematic  method  of  procedure,  as  below. 


FlflT.  26. 


Figs  25.  Example.  In  the  20"  curv,  A  P  B,  let  three  stations, 
Nos.  31,  32  and  33  (P),  be  set  from  the  T.C.  (A,  sta  30  -f  40)  : 
then  three  stations,  Nos.  34,  35  and  35  4-  70  (B),  from  P;  and 
then  let  the  final  tangent,  Bz,  be  located  from  the  C.T.  (B,  sta 
35  +  70). 

The  circles,  at  A^  at  P  and  at  B,  in  each  Fig,  show  the  orienta- 
tion of  the  Inst,  the  angles  turnd  and  the  resulting  vernier  read- 
ings. 

In  each  of  the  three  Figs  (see  Figs  26,  I)  let 
angle     t  AP  =  0.6    X   10*  +  10'  +  10*   =  26-  ; 
ttPB=  10*   -f   10*   +  0.7X10-   =  27". 

*Such  points  are  often  called  "turning  points,"  but  this  is  liable 
to  confusion  with  the  ' 


"turning  points"  used  in  l^velinja..^^^.^ 
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Thre«  mcth^iUi  ot  procedure  are  in  common  use  in  connection 
with  the  removal  of  the  transit  to  a  new  inst  point.  These  may 
be  called : — 

I.  Searles.    See  "Field  Engineering,"  pp  53.  57,  etc 
II.  Shunk.'     See  "The  Field  Engineer,"  pp  66.  etc.* 

III.  Smith.  See  Eng  News,  1876  Aug  26,  p  277.  reprinted  1888 
Sep  20,  p  245  ;*  also  Cross's  "Ehigineer's  Field  Book,"  pp  66  etc. 

Method  I  (Scarlea)  is  sufficiently  described  in  the  first  of  the 
three  sections  of  the  comparativ  table  in  i[  86. 

Method  II  (Shank)  may  be  made  clearer  by  the  following  ap- 
plication of  it  to  the  same  case.  See  Figs  25,  II.  Here  all  the 
angles  are  to  the  right  (R)  of  zero. 


Inst  at 

A 

P 

B 

Sight  to 

old  point, 

t 

A 

P 

Vernier 

rcad'g  on    ■ 
old  point, 

( *^P  =  ) 
(26*        ) 

2tAP  +  uPB  ) 
•  =  62*  +  27* 
=  79*                ) 

0* 

APt  =  ) 

'  tAP  =  [ 

26*        i 

PBuzz) 
uPB  =  \ 

Add 

0* 

Sight  to  tan, 

At 

tu 

uz 

[  tAP  +  APt           \ 

/        T0-  +  27«  =  \ 

Vernier      | 
reading  > 
on  tan,    ) 

)  =  2  tAP  -  0*       I 

)2X  79*  -2«AP  t 

0* 

'S  =  2  X  26*  -  0*  f 

1=j5§;-»2-    > 

I  =  62»            ; 

1=  106*                    ) 

Add                       i 

UP  =  26« 

'      uPB  =  27* 

Sight  to 

new  point, 

P 

B 

Vernlpr           /    ( 
rend'gon    >-  ^ 
new  point,  )    I 

tAP- 

0»  4-  26* 

=  26- 

)    {2tAP  +  uPB 

V  '  =  52*  +  27*     . 
)    1  =  79^ 

Move  to 

new  point, 

P 

B 

After  removing  the  instrument  from  an  old  point,  p  (not  shown), 
to  a  new  point,  p'.  the  vernier  reading,  C,  which  will  place  the 
telescope  in  the  new  tangent,  is  determind  thus : — Let 

A     =     vernier  reading  on  sighting  new  point,  p',  from  p; 

B     =     vernier  rending  on  sighting  along  old  tangent,  at  p; 

0     =.    yernier  reading  on  sightingr  along  new  tangent,  at  p'. 

Then, 

O     =     2A    —    B. 

Method  III   (Smith)  is  described  in  U  V  89  to  91. 

86.  The  following  table  outlines  the  method  of  procedure  by  the 
three  methods  respectivly. 

U.  M.  =  upper  motion  of  transit,  L.  M.  =  lower  motion  of  tmnsit. 
R  =  right;     L  =  left 

*In  his  9th  edition,  1890,  Mr.  Shunk  described  the  "Smith" 
method  (III),  accrediting  It  to  Mr.  Robert  Burgess,  CE..  who 
described  it  in  Bug  News,  1888  Sep  22. 

tFor  the  sake  of  uniformity,  we  here  assume  that.  In  using 
method  III  (Smith),  we  move  the  inst  either  to  P  or  to  B,  and 
that,  after  so  moving,  we  sight  to  the  same  stations  (A  and  P, 
respectivly)  as  In  methods  I  and  II ;  but,  in  fact,  with  method  III, 
the  condition,  described  in  1190.  will  obtain,  no  matter  to  what 
stntlon  wo  remove,  or  to  what  station  we  sight  from  It.     See  f  91. 
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FIk.  25.  (Repeated.) 


1 

SiKbfg 
from 

2 
U.  M. 

Vernier 
reads 

3 

MoTe 

to 

Bta. 

4 

U.  M. 
with 

▼ern'r 
read'g 

5 

L.M. 

Sight 

to 

Sta. 

6 
U.  M. 

Set 
vem'r 

to 

7 

Inst 
will  be 
In  tan 

thru 

A  to* 
AtoP 
PtoB 

Method  1,  Searles. 

1 

0*  +    0*  =    0» 
0*  +  26»  =  26- 
0*  +  2T  =  27* 

P 
Jl 

26*1; 
21*  L 

A 
P 

0" 

P 
B 

A  tot 
AioP 
PtoB 

Method  II,  Shunk. 

0*  4-    0*  =    0" 

0-  -f  26*  =  26* 

62*  +  27*  =  79* 

P 
B 

2fl«« 
79*  B 

A 

P 

R2'  R 
106*  R 

P 
B 

A  tot 
AtoP 
PtoB 

Method  III,  Smlth.t                                          | 

0*  +    0»  =    0* 

0*  +  26*  =  26* 

26*  +  27-  =  63» 

P* 

B* 

26- « 

A* 
P* 

26*  « 
63*  A 

P 
B 

•S«»e  t  foot-note,  p.  924. 
tSee  n  89  to  01. 
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87.  Fig  25.    It  will  be  noticed  that,  when  the  veraler  la  at 


In  method 

the  telescope  iu 

I.  Searles, 
11.  Shunk, 
III.  Smith, 

in  the  tangent  thru  the  point  occupied; 
parallel  with  the  original  tangent.  A  t: 
sighting  back  to  A,  whose  recorded  angle  (f  89)  is 
zero. 

When  the  Inst  is  at  A,  these  three  collimatlon  lines 
coincide. 

88.  For  Figs  25,  the  Tender  readinss,  by  the  three  methods 
respectively,  compare  as  follows: — 

Sighting 

Method                               1 

I 
Searles 

II 
Shunk 

III 
Smith*       1 

Vern'r  readings.  R  —  right ;  I,  =  left.  ] 

From  sta  30  +  40  (A) 

to  sta  30  +  40(A)  (tan) 

to  sta  81 

to  sta  32 

to  sta  33  (P) 

to  Bta  35  +  70  {9) 
From  Bta  38  (P) 

to  sta  80  +  40(A) 

to  Bta  83  (P)  (tan) 

to  sta  34 

to  Bta  35 

to  sta  85  +  70 
From  sta  35  -f  70  (B) 

to  sta  30  4-  40  (A) 

to  sta  83  (P) 

to  sta  35  +  70  (B)  (tan) 

0- 

6*  ft 
!«•  ft 
26»ft 
53*  ft 

26'L 
0* 
Wft 
20*  ft 
27- ft 

53- L 
27*  L 

0- 

0» 

6- ft 
16»ft 
26- ft 
53' ft 

26*  ft 
52- ft 
62- ft 
72*  ft 
79*  ft 

53' ft 

79*  ft 

106»ft 

0* 

6- ft 
10*  ft 
26- ft 
63'ft 

0* 
26*  ft 

se^ft 

46*  ft 
53*  ft 

0* 
26*  ft 
58- ft 

89.  In  Method  III  (Smith),  Figs  25.  Ill,  before  beginning  to 
run  the  curr.  calculate,  and  enter  in  the  field  book  (as  in  last 
column  of  table.  IT  88),  opposite  each  sta  (as  30  -f  40,  31,  etc), 
and  opp  any  other  points,  in  the  cury,  which,  for  any  reason,  it 
may  be  thought  desirable  to  locate,  the  total  angle  (as  t  A  t  =r  o*. 
tA31,  tAP,  tAB,  etc),  betw  the  original  tangent.  At,  and  the 
chord,  A-81,  A-P.  A-Bj  etc)  from  A  to  such  sta,  as  tho  each  of  the 
points,  thruout  the  entire  curv,  were  to  he  located  from  the  point 
of  ourv,  A. 

90.  Then,  after  setting  up  at  any  point  whatever  in  the  eurv, 
set  the  vernier  to  tlie  angle  so  recorded  in  the  field  book  opp  any 
other  convenient  point,  as,  in  the  curv,  and  sight  to  0,  thus  orient- 
ing the  lust.  Then,  if  the  vernier  be  set,  by  the  upper  motion,  to 
the  reading  recorded,  as  above,  opp  any  other  point,  y,  in  the 
curv,  the  inst  will  be  sighted  at  y.  With  the  vernier  at  the  an^le 
recorded  opp  the  poinl  occupied,  the  inst  is  in  the  tan  thru  thai 
point, 

*For  the  sake  of  uniformity,  we  here  assume  that,  in  using 
method  III  (Smith),  we  move  the  inst  either  to  P  or  to  B,  and 
that,  after  so  moving,  we  sight  to  the  same  stations  (A  and  P, 
respectlvly)  as  In  methods  I  and  II ;  but,  in  fact,  with  method  III, 
the  condition,  described  In  H  90.  will  obtain,  no  matter  to  what 
station  we  remove,  or  to  what  station  we  slgnt  from  it     See  |  91. 
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•1.  If  the  sharpness  of  the  cury  Is  exprest  in  a  whole  number  of 
degrees,  if  the  cnrv  begins  with  a  sub-chain,  and  if  many  stations 
are  to  be  set.  It  may  be  worth  while  to  make  an  arbitrary  addl- 
tloB  to  each  aaslet  so  as  to  give,  to  the  full  stations,  angles 
exprest  in  a  whole  number  of  degrees  (or  In  degs  and  .half  degs)  : 
thus  simplifying  the  calculations. t  For  instance,  in  a  3*  curv,  if 
the  actual  angles  be  as  in  line  A,  below,  we  may  add  0*  18'  to  each 
angle,  making  them  read  as  in  line  B, 


Station   30  +  20(ii) 


A 
B 


0' 

0*  18' 


31 


1"  12' 
1»30' 


32 

2«42' 
3*    0* 


S3 

4*  12' 

4*30' 


34      34  +  40  (B) 


5"  42' 
6*    0' 


«•  18' 
6'  36' 


Flir.  25.   (Repeated.) 
Mlacellaneons    Methods. 

92.  Lioeatlns  a  earv  ^Tlthout  n  transit.     Pig  26.    Let  ab,  be, 

be  chains;  ah  =  he  =:  c;  let  a  t  and  b  »  be  tangents  nt  a  and 
at  h,  respectively.  Produce  chord  o  5  to  /,  and  make  at  =  hf  = 
a  b  =r  c.     Then  : — 


tb  =  2c8ln(D/4); 


o  c» 

fc  =  2oBin(D/2)  =  2o =  — .   ..(95) 

2R         R 


tT.  Applcton,  Assn  Engng  Socs,  Jour,  March  1688. 
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03.  The  diets,  t  b  and  /  o,  may  be  used  for  locatlDg  a  curr  with- 
out a  transit     Thus: — 

(1)  Having  laid  off  at  (  =  c)  along  the  tangent,  ot,  to  locate 
b;  from  a,  lay  off  a  &   (  =  c)  to  meet  th  laid  off  from  t. 

(2)  Having  laid  off  bf  (  =  c)  along  the  chord  ab  produced, 
to  locate  o;  from  6,  lay  off  ^  c  (  =  c)  to  meet  f  c  laid  off  from  /. 

(3)  Having  laid  off  ce  (  =  c)  along  the  chord  be  produced, 
to  find  the  tangent,  c  t',  at  c;  from  c,  lay  off  c  r  (  =c)  to  meet 
et'   i=ztb)    laid  off  from   e. 


Vig,  26. 


94.  For  the  sab-Ghaln«»  A  a  =  Ci^  and  c  B  =  Cf,  anb-aBsles, 

di  and  df,  etc,  we  have  the  following  equations : — 


Distances 

Angles 

Approximate 

a'  a 

=   2ci8in(*</4) 

8in(di/2)  = 

2« 

a*  a 

a* 
=  t6  .  .(96) 

Bb' 

=  2ofsin(df/4) 

sln(dr/2)=-^ 
2R 

Bb' 

=  et' ..(97) 

(?■ 

Ah 

=  2  Ci  sin  (A  a  h/2) 

D        (ft 

A  o  /I  =  —  +  — 

2        2 

dt 

Oi 

=  D  —....(98) 
c 

Be' 

=  2ct  sin  (B  c  e'/2) 

D        df 

Bee'  =  —  +  — 

2        2 

df 

c/ 
=  D  — (09) 

0 

!^ 

-^^:^-^ 

'a 

6" 

"""— f^^ 

**=?^ 

^"^^-^ 

^^rf-2 

==^ 

^ 

6 

«" 

A^ 

^q- 

7 

r^^^ 

* 

-^       "''*!s^ 

1 

■^zk: 

^^^^ 

/ 

~i3 

2r->^        ^^-^s. 

« 

/ 

/ 

f    ^ 

"""^v^^^         / 

\ 

FlK.  27. 

95w  By  Offsets  from  TaMffent,  A  t.  Pig  27.  Let  A  =  radltts ; 
o  =  chain  length,  A  a,  ab,  etc ;  Ch,  Ce,  Ct,  etc  =  long  chord 
A  b,  Ac,  Ad,  etc,  from  A  to  2d.  <)d,  4th,  etc  station :  Mh,  Me,  M4, 
etc  =  mid  ord  for  Ch,  Co,  C*,  etc;  D/2  =  a' A  a;  3D/2  =  5^aft.- 
5l>/2  =  0-6  0,  etc.     Then  '  , 
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Distances  on  tangent 
Aar  z=  o  co«(D/2) 

=  «  sin  i)    =  (7»/2 (100) 

Ah'  z=  c  [oos(D/2)  -f  cos(3D/2)] 

=  R  8ln(2  D)     =  C4/2 (101) 

AC  —  e[co8(Z)/2)  +€0«(di>/2)  +co8(6Z)/2)] 

=  BwXn{ZD)     =  Cf/2 (102) 

Offsets  from   tangent 

a*  a  =  csln(Z)/2)   =  c»/(2ie)   =  A  vers  D  =  Jr»     (100a) 

6'&  =  c[sin(D/2)  -f  sin(3  D/2)] 

=  C»8inb'Ab  =   C»8inl>  =    (0»)V(2JJ) 

=  RYen2D  =  M4    (101a) 

Cc  =:  c[8ln(i)/2)  +sln(3D/2)  +sln(5D/2)] 
=   C.sln(3i)/2)    =    (Ce)V(2i2) 

=  R  vers  3  i)  =  Jf/    (102a) 

Thus,  let  c  =  100  ft;    D  =  12*.     Then 


For  dlst  A  c\  on  tan 


I 


For  offset,  c'  c  from  tan 


C08(D/2)  =  COB  6*  =  0.99462 
cos(3D/2)  =  C08  18*  =  0.95106 
C08(5i>/2)   =  cos  30'  =  0.88603 


Sum  of  cosines  =  2.81161 
Ae'   =   2.8II6I0  =r   281.16  ft 


sln(Z)/2)  =  sin  6*  =  0.10453 
sln(3D/2)  =  Bin  18*  =  0..30902 
sin(5Z>/2)  =  sin  30*  =  0.50000 


Sum  of  sines  =  0.91355 
0^0  =  0.91355c  =  91.355  ft 


0«.  First,  from  A,  line  in  the  points,  a'  6',  c',  etc.,  in  the  tan- 
gent, A  t.  Then,  from  a',  b',  c'  etc,  lay  off  a'  a,  6'  6,  &  c,  etc.,  nor- 
mal to  At;  or  lay  off  a*  a,  bl),  etc,  at  random,  to  intersect  A  a, 
a^,  be,  etc.,  each  =  c. 

97.  If,  as  usual,  the  curv  begins  or  ends  with  a  sub-chain,  it 
may  be  preferable  to  divide  the  curv  (sweep  =  A)  into  a  conveni- 
ent number,  n,  of  equal  parts,  each  =  A/n.  and  substitute  A/n  for 
D,  and  2iZsin(A/2n)  for  c,  etc. 

As  the  work  proceeds,  and  the  angles  a  b  h",  ho<f,  etc.,  become 
more  acute,  the  work  becomes  less  accurate. 


Flff.  2S. 


98.    In  Fls  28,  the  dlsts,  a  a',  h  5%  etc.,  are  in  line  with  the 

radii  at  a,  at  b,  etc.    Here : — 

Aa'  =  R  tan  D;  A  6'  =  U  tan  2  D  ;  A  c*  =  «  tan  3  D.  etc.  (103) 
aa'  =  B  exsec  D;  hh'  =  R  exsec  2  I> ;  o  c'  =  B  ezsec  3  D,  etc.  (104) 
From  A,  line  in  a',  h',  &,  etc.  From  A  and  from  a%  simultane- 
ously, lay  off  c  and  a'  a,  respectivly,  locating  a.  Then,  from  a  and 
from  •&'  respectively,  lay  off,  simultaneously,  o  and  b'  b,  locating  b; 
and  so  on.    See  f  97. 
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99.  Given,  two  eonaeeutiv  stations.  Fig.  29.  Haying  two 
consecutiv  stations,  z  and  A,  and  the  direction  of  tbe  tangent,  m  ». 
at  A,  to  locate  a  third  sta,  as  a. 

Prom  A,  on  the  tangent,  mn.  lay  off  .4.  n  =  oco8(D/2).  Then 
either  layoff  A  o  =  c,  to  meet  na  z=  CBiniD/2)  =  RybtsD  = 
2iiBln«ji)/2),  laid  off  from  n;  or,  from  A,  Imn,  lay  off  A  J.'  = 
csin(D/2)  ;  and  from  A'  lay  off  A' o  =  ccos(i)/2),  to  meet  either 
Aa  =  0  laid  off  from  A,  or  na  =  csin(i)/2),  laid  off  from  n. 


Vie. 


To  locate  the  next  sta,  h;  in  A  a  produced,  make  ab'  =  o,  and 
find  6  by  means  of  HIT  92,  93,  where  /  c  =  6'  6,  Fig  29. 

For  the  direction  of  the  tangent,  «'  m',  at  h;  locate  the  next  sta. 
0,  as  above ;  from  a  and  from  c,  ±ac,  lay  off  a  n'  and  c  m'  respec- 


tivly;  an'  ^  cm'  =  C8ln(D/2). 


in' A 


FlK.  30. 

100.  Fig  30.  In  the  case  of  a  sub-chain,  Ci  =r  A  a,  let  di  =  the 
sub-angle;  d,  =  D  —  d* ;  c*  {=  A  a)  =2  /2sln(d</2)  ;  c,  (=^.4) 
=  2/Jsln(d./2).     Then:— 

ao'  =  An'  =  CiCos(d«/2):     A  a'  =  n' o  =  Ci  sin  (di/2>  ;    .(105> 
ge'  =  m'A  z=  czC0S(d./2);     A  flf*  =  m' r  =  c«  8in(d»/2) . . .  (106) 

101.  By  Ordtnatcs  from  Long  Chorda.    Fig  31.    Let 
0=1  chain  =  ah  z=hc=  etc.,  subtending  D; 

ct  =  initial  sub-chain,  A  a,  subtending  initial  sub-angle,  A  O  <i  =  «f  i  ; 
c/ =  final  ••  /t/?,  "  final  "  hOB=zdr: 

^  =  sweep,  A  O  B,  of  entire  curv. 

Then,  for  the  abscissos,  A  a*,  A  6',  A  c',  etc.,  we  have : 

-de 


A  a' 


=  ci  cos  o  A  a'  =  Ci  cos  - 


.(107^ 


a'  5'  =  o  D"  =  c  cos  hah"    =  c  cos  - 


^-2di  -D 


6'  c'  =  be"  =  c  cos  c  &  c"    =  c  cos 

etc.  and 
Ah'  =  A  a'  4-  a'  5'  ; 
Ac*  =  A  5'  +  l>'  c'.  etc 


^_2dt  -3D 


dby'Gobgle' 


.(108^ 


CUKV    LOCATION. 
d  • 


y*5i 


a'  a 


Similarly,  for  the  ordlnates,  o'  a,  h'  h,  </  c,  etc.,  we  have : 


a  sin  - 


ft-ft  =  c  Bin- 


^  -_  2  <f  I  -  D 


c  sin 


/^  _  2  di  -  3  D 


etc.,  and 


.(100) 


6'  5   =  o'  a  +  *"  ft ;       0*0=  ft'  5  +  c"  c,  etc. 

102.  E^g  32.     To  eliminate  suh-chaina    (see   il97),   let   the  curv, 
A  P  B,  be  divided  into  a  convenient  number  of  equal  arcs ;  and  let 

Cr    =  the  chord.  A  a    =    aft,  etc,  subtending  one  of  these  arcs ; 
D.  =  the  central  angle,  A  O  a,  subtended  by  Cr  ; 
C,  C,  C",  etc    =    the  long  chords,  A  B,  ah,  bo,  etc,   resoectlvly : 
Jf ,  If',  if ^  etc    =    the  mid  ords.  E  P,  E'  P,  E"  P,  etc, 

of  C,  C,  C",  etc,  respectlvly. 
Then, 

Abscissas 

C  /2     =     AE     =     B  Bin  (A/2); 

C'/2     =     aE'    =     /?Rln(A/2  —  De)  ; 

C"/2     =     ft^"    =     K  Bin  (A/2  —  2D0);  etc. 

A  o'  =  C/2    —  C7'/2     =  c«  cos  aAa'  z=  c*  cos 

a'  ft'  =  a  6"  =  C'/2  —  C"/2    =  Ce  cos  6  a  6"  =  c«  cos 

ft'c'  =  ftC  =  0V2  —  (7'"/2  =  c.  cos  cftc"   =  c«  cos 

etc;  and 

Aft'     =     A  a'  +  a'  ft'  ; 

AC     =     A  6'  +   ft'  c' ;   etc 

64 


A 

- 

Dt 

2 

A 

- 

3  7). 

2 

A 

- 

5  7)* 

.(110) 
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M  =  E  P 
M'  =  E'  P 
J/"     =     E"  P 


Ordinates 
«  vers  (A/2)  ; 
i«ver8(A/2  —  D0)  ; 
J2ver8(A/2  —  2D.)  ;  «tc. 

d    P 


>p * £?" 


«'   o     =     If     —  if '        =     Cc  sin 


A-Oe 


b"  b     =     i/'   —  J/" 


=     c«.  sin 


o"  o 


jf"  -  J/'"     =     ocBln 


A 

2 

A 

2 
-5D. 

b'6     =     a'  a  +  b"  &     =    If  -  3f "  ; 

-0*  c     =     b'  B  +  C;  c     =     Jf  —  if '"  ;   etc. 


etc;  and 


(111) 


103.  Br  Means  of  Two  TranaitM,  wtthont  Linear  Menswc- 
ment.  Fig  33.  Useful  wbere  chaining  is  difficult  or  impracticmble. 
as  in  swamps,  etc. 

Given,  any  two  stations,  A  and  B,  each  visible  from  the  other: 

From  each  of  the  two  stations,  A  and  B,  sight  to  the  other,  and 
Jay  off  the  angles  found,  as  below,  locating  the  points,  a,  h,  etc., 
by  means  of  the  intersections  of  the  lines  of  sight. 

Thus,  let  ab.  b  c,  he  chains ;  Aa.  cB,  sub-chains.    Then,  to  locate 
the  point  h,  at  the  Intersection  of  A  b  and  Bb;  we  have: — 
bAB  =  bOB/2  =  (D  +  dr)/2; 
bBA  =  5  0  A/2  =   (D   +  di)/2.  (112) 

.Similarly,  for  point  c  (interHPctlon  of  A  c  and  B  0,)  we  have : — 


cAB  r=   cO  B/2  =  dr/2 ; 

cBA  =  CO  A/2  =    (2D  +  di)/2 


(112*) 
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10«.  Br  lj»wkm  Chorda  tram  the  Instrnaient.    Fig  34. 

L«t  a6=l)c  =  o=:l  chain ;  A  a  =  ci  =  initial  sub-chain  ; 
cB  =  cf  =  final  sub-chain. 


Then,  in  Pig  34 ; 

tAa=  di/2 ; 

Aa 

=  2«Bln  t^o; 

t  Ab    =   (di  -1-  D)/2; 

Ab 

=   2  R  slat  Ah; 

tAc    =   (di  ^-2i))/2; 

Ac 

=  2  i?  Bin  « -1  c; 

tAB  =    (di-f  2i)H-dr)/2  =  A/2;     il  IT  =  2R8\ntAB.    .(113) 


Fl«.  34. 

lOB.  PUittlns  AwclUarles.  The  location  of  curva  upon  the 
map  is  greatly  facilitated  by  the  use  of  templets,  to  the  proper 
scale. 

lOd.  Wm.  F.  Shunk's  transparent  curv  protractor  shows  a  num- 
ber of  curvs  to  a  scale  of  1  inch  ==  400  ft. 

1©7.  In  Bng  News  1902  Jun  19,  pp  500-501,  Chas  H.  Quimbr  Jr. 
snggests  a  "curve  projector  and  scale'*  (patent  applied  for),  which 
is  a  transparent  curv  protractor  in  which  each  cury  is  punctured 
at  each  100  ft  of  its  length,  by  scale,  tn  order  that,  with  a  pointed 
instrument,  corresponding  points  may  be  marlct  upon  the  map 
beneath. 

108.  Ordlnaiea.  On  sharp  curvs,  additional  points,  intermedi- 
ate of  stations,  may  be  located  by  means  of  ordlnntes  to  a  chord 
joining  two  consecutlv  stas.  Usually  a  twine  is  stretched  between 
the  two  consecutlv  stas,  and  the  ordinates  are  measured,  as  nearly 
as  may  be  at  right  angles  to  this,  bv  means  of  a  graduated  rod  or 
tape.  The  points,  along  the  twine,  from  which  ordinates  are  to  be 
measd  (especially  the  middle  point  and  the  two  points  midway 
between  this  and  the  ends),  are  dlstlnguisht  by  knots  or  otherwise. 

100.  The  permissible  dist  apart  of  the  ordinates  of  course  depends 
upon  the  character  of  the  work  and  upon  the  sharpness  of  the 
curv.  For  guiding  the  earthwork,  50  ft  is  short  enough,  or  25  ft  for 
radii  less  than  1000  ft  For  tracklaying,  the  dist  may  range  from 
25  ft  on  easy  curvs,  to  10  ft  or  even  5  ft  on  the  sharpest. 

Bee  eqs  (32)  and  (34)  to  (30),  and  table  of  ordinates,  pp  898-001. 

OBSTACLES. 

Methods,  other  than  those  here  suggested,  may  be  devised  to 
snit  these  and  other  cases. 

110.  Iite«  of  alKht  obat meted.  The  following  suggestions  refer 
to  cases  arising  in  the  usual  method  of  location  by  peripheral 
angles.  If  81,  etc. ;  but  the  difficulty  may  sometimes  be  avoided  by 
abandoning  that  method  and  using  instead  one  or  other  of  the  loca- 
tion methods  mentiond  in  ||  92-104.  See  also  under  Surveying; 
p  281,  5th  "hint."  Digitized  by  L^OOgle 
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111.  Fig  35.  Having,  from  A,  located  a  and  h,  by  means  of 
peripheral  angles,  t'Aa  and  t' Ah,  and  chains,  A  a  (sub^hain) 
and  a  h,  we  find  that  an  ol>stacle  obstructs  the  line  of  sight,  A  c,  to 
the  next  station,  o. 


Fls*  8S. 


112.  Locate  the  next  station,  d,  beyond  o,  by  laying  off  ('  A  d  = 
V  Ah  +  D,  and  laying  off  either  hd  —  2  i2  sin  D,  or  A  if  = 
2  R  sin  V  A  d  (see  table,  p  894).  In  actual  steam  R  R  cunrs,  we  may 
take  approx,  od  r=  2c;  and  Ad  —  Zo  -f  a;  where  o  =  unit 
chain ;  and  a  =  initial  sub-chain,  A  a. 

For  the  tan,  m  n,  at  d,  we  have  A  d  m  =  t*  A  d  =  A/2. 
To  locate  o,  we  then  have  m  d  c  =  D/2 ;  and  d  c  =  chain^  c 

113.  Or  we  may  loeate  c  directly,  thus : — on  the  tan,  A  V,  Uy 
off  Ay  =  B  tan  rAo  =  iJ  tan  (d^/2  -f  /)).  At  F'  lay  off 
t'  V  c  =  2(r  A  c),  and  V*  o  (=  A  7')  to  c.  If  F'  is  inaccessible* 
we  may  instead  locate  F" 

(makine  b  A  F"  =  r  ^4  d  =  (D/2)  +  f '  A  c;  and  A  F"  =  A  l^>  : 
lay  off  r  y"  o  =  V  V*  c  —  2  r  A  o,  and  make  F"  c  =  F'  c  =  A  F". 


114.  Fig.  36.  (Aa  =z  Initial  8ubK:haln.)  If  an  obstacle  pre- 
vents sighting  from  A  to  o,  we  may  bncksight  from  A  along  the 
tangent,  A  X,  and  extend  the  curv  backward  from  A.  one  or  more 
chains,  as  may  be  necessary,  as  to  s  or  i/.  Then,  with  inst  say  at 
y,  we  may  sight  to  A,  lay  off  A  y  a  =  y^  A  O  a  =^  d/2.  and  lonir- 
chord,  i/a  =  2i2  8ln(jfOa/2)  =  (in  Fig  36)  2iZ8in(i>  -|-  d/2). 
For  h,  we  have  ayh  =  ^aOh  =  D/2,  and  a 5  =  unit  chain :  or 
1/  b  =  2  i2  sin(i/  O  5/2)  ;  etc.,  etc. 
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PoaltloB  of  a  reqolrcd  point  Inaeceaslble. 

115.  Vertex,  V,  InaceeMible.  Tig  37.  Given  A  and  R  or  D. 
Required  the  curve  points.  A,  B.  Measure  the  dist,  a  h,  betw  any 
two  accessible  points  on  the  two  tans  respectlvly.  Measure  the 
angles  zha  and  yah,  and  find  V  ha  (=  ISO"  —  zha)  and  V  ah 
(=  ISO*  —  yah).  Then  Vha  +  Yah  (=  180*  -  aVb) 
=  A ;  or  a  7  6  =  180»  -  A- 


Find  V a  =  ah  sin  Vh  o/sin  A ; 

and   F  6  =  o  6  sin  r  o  b/sin  A-  Then  : — 

Aaz=:AV-Va=  J?tan(A/2)    -  T'a; 

Bb  =  BV  —   V^  z=  /2tan(A/2)    —   F  &. 

Note  that,  where  (as  in  the  last  case)  J5  5  Is  negativ,  h  Is  heyond 
B;  and  iJ  b  is  to  be  laid  off  from  h  toward  the  vertex,  I,  to 
locate  B. 


Flfif. 


Either  carv  iK>lnt,  A  or  B,  InaeeeMalble. 

lie.  T.C.  <A)  tnaccemible.  Fig  38.  It  is  required  to  locate 
an  accessible  point,  n,  in  the  curv,  and  a  tan,  n'  n",  thru  n.  The 
point,  n,  (preferably  a  station)  must  command  a  sight,  n  p,  parallel 
to  the  tan,  A  V. 

Let  J.  O  n  be  the  sweep  of  the  arc,  A  n,  (approx,  A  O  n"  = 
D*  X  An/lOO),  Let  w  n  be  normal  to  the  tan  A  V,  and  let  n«  =r 
p  9.  Then  ns  =  p  «  =  w  A  =  y  A  =:  Rs\n  A  O  n;  w  n  =  A  8 
=  yp  =z  R  Yen  A  O  n;  and  V  to  =  V  A  —  A  w^  =?^X.^t7>  ^  ^ 
:=  T  —  na. 


=   V  A    —   Aw.  =T^X^T7^  ^  ^ 
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Find  the  line  no  (or  n p'),  and  the  point,  n,  aa  by  one  of  the  two 
following  altematly  methods: — 

( 1 )  From  p,  run  pn\\AV,  making  pn  =r  2p«  =  2  R  sin  A  On. 
Or 

(2)  Prom  V,  lay  olT  Vw  to  w;  offset  icn  to  n;  and,  from  any 
other  point,  y,  on  the  tan,  A  V,  offset  yp  =  wn;  or  from  n,  lay 
ott  ynp  (tan  j/ n  p  =  wn/tcy)  ;  or,  from  n,  lay  off  V np'  (tan  V n p' 
=  ion/Vw). 

Then,  for  the  tan,  at  n,  lay  off  n'  n «  =  n"  np*  =  A  O  n. 

117.  C.T.  (B)  InacceiMtble.  E*ig  38.  It  is  required  to  locate  a 
point,  as  z  or  q,  in  the  tangent,  V  B,  beyond  B. 

We  give  three  alternatlv  methods,  as  below : — 

From  any  point,  as  m,  in  the  curr,  at  a  known  dist  from  B,  nm 
m  /  II  the  tangent,  V  B.    Then  : — 

(1)  From  m,  and  from  any  other  point,  as  f,  in  mf,  lay  off 
offsets  =  me  =:  fz  =  R  vers  B  O  m,  defining  the  tangent,  V  B,  and 
locating  the  point,  z.   Or  : — 

(2)  From  m,  lay  off  any  angle,  fm-q,  to  a  line,  mq,  intersecting 
the  tan,  V  B,  and  lay  off  m  9  =  e  m/sln  fmq,  to  g,  which  will  be 
in  the  tan,  VB.  Then  B  q  =  q  e  —  eB  =  me  cot  fmq  —  iS  sin  BOm^ 
Or: 

(3)  From  m,  lay  off  fmv  =  B  O  m,  locating  the  tan,  mv,  and 
lay  off  mv  =  RtnniBOm/2).  Then  17  will  be  a  point  in  the  tan* 
V  B,  From  v  sight  to  m,  and  lay  oTL  mvY  —  B  Om.  riunge  the 
telescope,  sighting  along  tan,  V  B.  Then  a  point,  z  or  a,  beyond  B, 
may  be  found,  as  required,  by  the  methods  given  in  f  110,  etc,  for 
passing  obstacles  in  straight  lines. 


118.  FU  3D.     The  C.T.  (B),  altho  acceMtble,  Is  not  •nltable 

for  a  transit  point.    It  is  required  to  find  the  tangent,  B  z. 

Set  over  any  convenient  point,  m,  on  the  curv.  Measure  the 
chord.  mB.  Let  A  =  the  angle,  mOB,  =z  sweep  of  curv  betw  m 
and  B. 

From  m.  lay  off  a  tan,  mt.  Foresight  on  B.  Then  angle  tmB 
=  A/2.     Lay  off  i?  m  C  =  A/4  =  i  m  B/2. 

Lay  ott  B  C  =  B  m,  to  meet  the  line  m  C7.  Then  C  is  a  point  in 
the  tangent,  B  s. 

Demonstration. 

Since  m B  O  is  isosceles,  we  have  B  Cm  =  B  mC  r=  A/4- 

Extend  m  B,  as  to  a,  and  draw  B  w^mO. 

Then,  from  parallelism  of  sides, 

mB  w   (  =  BmC)   =  A/4 ; 

ic  B  C  (  =   B  C  m)   =  A/4  ;     and 
wB  C  (  =  wBto-\'ioBC)  =  A/2. 

Let  B  z  he  a,  tangent  to  the  curv  at  B. 

Then  s  B  z  {  =  the  opp  angle  V  B  m)  —  A/2  =  w  B  C,  and  B  C 
therefore  coincides  with  the  tangent,  B  z. 
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CURT  PROBUSMS 

(See  also  Re-survey,  UK  155,  etc.) 
Grapkle   Solutions 

119.  Most  carr  problems  may  be  conyeniently  solved  graphically, 
with  sufficient  approximation,  and  with  the  added  advantage  that 
the  drawing  shows  the  relations  of  the  several  lines  more  clearly 
than  they  can  be  shown  by  mere  calculation,  and  thus  reduces  the 
probability  of  serious  error.  The  scale,  to  be  adopted,  will  depend 
upon  the  nature  of  the  problem  and  upon  the  degree  of  approxima- 
tion required.  It  will  probably  seldom  be  smaller  than  1  inch  = 
20  feet.    The  following  are  given  as  suggestions.    See  also  K  128. 

120.  ESxample.  Fig  46.  Let  it  be  required  to  solve  grraphlcally 
the  problem  In  H  131,  vlx : — Given  two  curvs,  A  B'  and  B  O,  having 
dlff  given  radii,  Rg  and  R0,  and  diff  centers,  0§  and  Oa.  and  given 
the  tans,  A  V  and  V  B,  with  their  sweep,  A ;  it  Is  required  to  find 
the  common  radial  line,  Og  E,  of  the  two  curvs,  their  respectlv 
sweeps,  g  and  9,  and  the  shortest  dlst.  d  (which  will  be  in  the  line, 
0§E)  betw  them ;  as  where  It  Is  desired  to  connect  the  two  curvs 
by  a  spiral.      , 

From  A,  draw  A  Oe  I  AV  and  =  Rg. 

From  B,  draw  B  0$  l  BV  and  =  Bm. 

Thru  0§  and  0«  draw  Og  E,  radial  to  both  curvs. 

Measure  the  angles,  g  and  s,  and  the  dist,  d. 

See  letter  from  C.  M.  Estabrook,  Eng  Record  1906  April  7,  p  466. 


121.  To  draw  a  circulor  carv  of  lorgre  radius.  Fig  40.  Draw 
a  chord,  A  B,  to  represent  100  ft  by  scale.  Divide  A  B  Into  20 
equal  spaces.  At  each  divlslon-point,  erect  an  ordinate,  normal  to 
the  chord,  making  the  lengths  of  the  19  ordinates  to  correspond 
with  those  jrlven.  In  table,  pp  900-001,  for  the  given  sharpness,  D. 
Join  the  endis  of  the  ordinates. 

122.  If  the  curv  A  B  ia  the  center  line,  the  curvs  for  the  rails, 
or  for  their  gage  sides,  may  be  drawn  at  dlsts  from  A  B  equal  to 
half  the  gage.  Ordinarily  it  will  be  sufficiently  accurate  if  these 
distff  are  measured  In  the  directions  of  the  ordinates,  already  drawn. 
Otherwise,  the  dlsts  must  be  measured  radially  from  the  curv,  A  B  ; 
1.  e.,  at  right  angles  to  tangents  drawn  (see  ^  124)  at  the  ends  of 
the  19  ordinates. 

123.  The  angle,  O  A  B,  betw  the  100  ft  chord,  A  B,  and  a  tan- 
gent, A  C,  at  either  end,  A  or  B,  of  the  chord,  Is  D/2,  where  D  = 
the  sharpness  of  the  curv  =  sweep  (central  angle)  subtended  by 
the  100  ft  chord.  . 


124.  To  draw  a  tangrent  to  a  curv,  at  a  given  point,  m,  Fig  41. 
From  m,  lay  off  two  equal  distances,  mn,  mn,  to  the  curv.  Thru 
«,  draw  A  B,  parallel  to  n  n.    Then  will  A  B  be  tangent  to  the  curv 
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RAILROADS. 
Field  Solutions 


125.  Many  problems  are  habitually,  expeditiously  and  with  suffi- 
cient approximation,  solved  by  trial  In  the  field,  aided,  where 
necessary,  by  templets  or  curv  protractor  (see  ?1I  105-107)  aqd  a 
field  sicetching  board. 


Fiff.  42. 

120.  Example.  Fig  42.  In  a  given  cury,  A  O,  to  find  the  point. 
B,  from  which  a  tangent,  B  f,  may  be  run  thru  a  given  point,  /. 

This  is  solved  trigonometrical  ly  in  H  129,  Fig  44. 

With  instrument  at  any  point,  as  A,  in  the  curv,  sight  along  the 
tangent,  AV;  measure  the  angle,  V  A  f,  and  lay  off  the  angle. 
V  A  D  =  V  A  f/2.  With  Inst  at  D,  where  the  line  A  D  meets  the 
curv,  repeat  the  process,  sighting  along  the  tan,  D  F',  and  to  f, 
measuring  angfle  V' D  f,  and  laying  off  V' D  f/2  (not  shown)  to  the 
curv  at  a  point  nearer  B,  and  so  on,  approximating  to  B,  When 
/  is  sighted  in  the  tan,  B  f,  the  Inst  is  at  the  requU*ed  point,  B. 

Geometrical    Solatlona. 

Below  are  given  geometrical  solutions  of  a  few  typical  problems 
of  frequent  occurrence. 
Caatlon. 

127.  When  A  is  large,  look  out  for  necessary  ekansea  In  the 
alicnn,  +  and  -.     See  II  69. 

Thus,  in  mg  46,  11131,  p  940,  If  A  >  90"  <  180*.  we  have 
sinA  positiv,  but  cosA  negatlv;  making  B' I  poslttv,  but  Vi  neg- 
atlv. 

In  general,  the  use  of  the  signs,  -}-  and  — ,  in  our  text,  refers  to 
our  figs,  in  which,  for  convenience,  the  sweep  A  Ib  in  general  made 
<  90". 

^    A  V       wt 


Figr.  43. 

128.  To  pans  a  cnrr  thru  a  slven  point,  P.     Fig  43. 

Given,  direction  of  tangent,  A  t;  the  T.C.,  A;  and  the  co-ordi- 
nates, A  to  and  w  P,  of  the  given  point,  P. 

Required,  A  and  B  (or  D),  for  the  curv.  AP,     Here 
Tan  (A/2)  =  to P/A  tc;  R  =  r  P/ain  A  =  A  tr/sin  A  =  «?  P/ren  A. 
Given  R  instead  of  A  tc ;  required,  A  and  A  tc.     Here 
versA  =  w  P/R;       A  w  (  =  P  f)   =  R  slnAw. 
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GraphlcallT.  Join  A  P,  measure  angle.  10  J.  P  =  A/2,  bisect  chord 
A  P  in  V,  draw  a  line  In  the  direction  O  vV,  perp  to  A  P,  to 
intersect  At  XnV,  and-mcasure  A  V  and  V  P.  Then  V  Is  the  vertex 
*>f  the  cnry  A  P  which  Joins  A  and  P  and  Is  tangential  to  A  t  a,t  A; 
A  V  and  V  P  are  Its  semltangcnts ;  and  we  have 

A  =  2wAP;     R  z=z  A  TVtan(zV2)  =  rP/tan(A/2). 


Fls.  44. 


129.  Fig  44.  In  a  given  curv,  A  C,  to  find  the  point,  D,  whence 
a  tanflrent,  B  f,  can  be  ran  to  n  srlven  polnt»  t.  For  approx 
instrumental  solution,  see  H  126,  Fie  42. 

Given,  radius,  Ji,  curv  point,  A.  direction  of  Initial  tan,  A  V,  and 
the  co-ordinates.  Aw  ana  ir /.  of  the  given  point,  f. 

(If  the  co-ords,  A  ic  and  w  f,  are  not  given,  see  below.)  Required, 
the  angle,  A- 

Thm  f,  draw  ef  ±AO.    Then  : —  Ae  =  w  f;    cf  =  A  w;  and 


tan  y  — 


eO 


A  w 
B  —  tof 


R 


R 


Of       A  tc/sln  y 


-:  A 


If  the  eo-ords»  Aw  and  wf,  are  not  sriven,  and  if  they  can- 
not easily  be  measured ;  take  any  convenient  point,  as  a*.  on  tho 
Initial  tan,  AV;  measure  a^  f  and  Aw,  and  the  angle,  A  x  f  or  Its 
supplement,  a  =  180°  —  A  w f.     Then: — 

A  to     =     Aw    -{-•  9  to     =     A  w    +    w  f  cos  a; 

w  f  =  of  Bin  a  =  wtc  tan  o. 


FlflT.  45. 


ISO.  Fig  45.  HaTinir  two  carvis»  A  Bt  and  A  Bq,  starting  from 
a  common  curv  point.  A,  it  Is  required  to  connect  them  by  means 
of  a  third  curv,  A'  B',  tangent  to  both  curvs  and  starting  from 
a  given  point,  as  A',  on  one  of  the  two  curvs. 

Given,  both  radii,  R*  and  Rg,  and  the  sweep,  A«f  (or  «)  =  A'O,  A, 
of  the  curv  containing  the  given  point,  A* ; 

Required,  the  common  semltangent,  T;  the  sweep,  A*  (or  g)  of 
AB',  and  the  sweep  Aw   (or  n)   and  the  radius,  i<n,^or  the  new 

curv,    A'B\  Digitized  by  L^OOgle 
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Here  we  have: — 
T  =  AV:=  A'Y  =^  B'V  =  R»  tan(»/2)  =  R,tBii(g/2) 

Tan(i;/2) 


=  Rntan(n/2).     Hence: — 


=   ISO*    - 


r/tan(fi/2). 


Fls.  46. 

131.  Fig  46.  Given  turo  cnrv«»  A  E  and  B  O,  having  dlff  given 
rndll,  Rg  and  Rm,  and  diff  centers,  Og  and  0;  and  given  the  aemi- 
tans,  A  V  and  V  B,  with  their  sweep,  A ;  it  Is  required  to  find  the 
common  radial  line,  O0  E,  of  the  two  cupvs,  their  sweeps,  A^  (or^) 
and  A«  (or  a)  and  the  shortest  dist,  d,  betw  them,  (ef  will  be  in 
the  line  Og  E,  which  joins  the  centers,  Og  and  Oa,  of  the  two  curvs. ) 
For  graphic  solution,  see  H  120. 

Draw  OgB'   \   V  B,  and  oxtend  curv  A  E  to  Intersect  Og  B'  In  B'. 
Draw  F'B'  ||  V  B.    From  V  draw  FM  l  V  B.    Then: — 
B'V  =  AV  z=z  Rg  tan(A/2)  ;     V  V  z=  AY'  -^  AV  ; 
i?'  /  =  F'  f  =  V  y  sin  A  ;     V'  i  =  F'  F  cos  A- 
Draw  0*  L  1  Oi»  B'.     Then  : — 
O,  L  =  B/  =  B'F'  +  Fi  -  VB; 
OgL  =z  OgB'  —  LI  -  B'l  =  Rg  ^  R,  -  B'l; 
Tan«  =  OsL/OgL: 
A»  =  A  —  A* ;  and 
d     =     ITir    —    TJi    —    (OffL)sec«. 

See  letter  from  Wm.  li.  Dunham,  Jr.,  Eng  Record,  1906,  Apr  7. 
p406. 

Chanspcii  of  Ijocatlon. 

132.  In  the  following,  R,  T,  E,  etc,  2I,  F,  B,  A.  etc,  hidlcate  the 

fiven  radius,  semitan,  ext  dist,  etc.  T.  C,  vertex,  C.  T.,  sweep,  etc, 
or  the  existing  curv ;  and  R',  T',  E^,  etc.  A',  F%  J?',  A%  etc,  indicate 
corresponding  lengths,  points  and  angles  for  the  nctr  curv.  In 
general,  solid  lines,  in  the  Figs,  refer  to  the  existing  curv ;  dotted 
lines  to  the  new  curv,  or  to  demonstration  of  formulas. 

Tangrentfi  Unchanged. 

133.  Pig  47.  Change  of  curv  joining  two  given  tans  (A  and  F 
constant)  ;  requiring  change  of  given  R,  T  and  E   {E  =  TP). 

Here,  T  (  =  AV)  =z  R  tan(A/2)  ;  T'  (  =  A'  F)  =  IJ'  tan(A/2) 
T  --  T*  =z  AA';  E  (  =  FP)  =  /Jexsec(A/2)  =  rtan(A/4) 
JB'(  =  FP')  =  fi'exsec(A/2)  =  r'tan(A/4);  £?-£'  =  PP' 
R  "  R'  =   {0  0')  C08(A/2). 
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Therefore : — 

1.  Given  T:  reqd  R'  and  E'. 

R  -  $'     =     (T  -  T')  cot(A/2)  ; 

^  -  i;'     =     {R  -  /2'5  ex8ec(A/2)     =     {T  -  V)  tan(A/4). 

2.  Given  jB';  reqd  R'  and  T'. 

*'     =     RE'/E;      R   -  R'    = 


-  ^' 


ex8ec(A/2) 

r  -  T'    =     («  -  12')   tan(A/2)    =    (E  -  E')  cot(A/4). 
3.   Given  R' ;  reqd  T'  and  ^'. 

T-'T     =      in  -  R')  tan  (A/2)  ; 

E  ^  B'     =     (/J  -  /e')  ex8ecrA/2)     =     (T  -   T')  tan(A/4) 


Flff.  47. 


1S4.  Ctense*  In  Tansent*.  Where  only  one  of  the  tans  is 
changed,  we  assume,  for  the  sake  of  uniformity,  that  this  is  the 
final  tan.  the  initial  tan  remaining  unchanged;  but,  with  the  proper 
changes  in  the  lettering,  the  instructions  given  apply  equally  to  the 
reverse  case;  i.  c,  where  the  initial  tan  Is  changed,  the  Anal  tan 
remaining  unchanged. 

One  tansent  sMfted  parallel  with  itself  (  A  constant).  Tan 
point,  B,  changed. 


A'  A  V*  r 


Flff.  48. 


1S5.  (1)   Fig  48.     Radius,  R,  constant 
A  A',  B  B*,  O  0\  V  V  equal        " 


.    curv  point.  A,  shifted. 
and  parallel. 

Given,  dist,  B  ft,  betw  tans.     Reqd,  the  shift,  A  A\ 

Bb 

sin  A       igitized  by  Google 
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136.  (2).  Pig  49.  Carv  point.  A,  constant;  radius,  R,  ekaa«ed. 
A,  B  and  B'  are  in  a  straigtit  line;  B'  being  the  intersection  of 
the  new  tan,  V  B',  with  the  long  chord,  AB,  Bh  =  dist  betw  old 
and  new  tans.     T  =  A  V;     T'  =  A  V. 


L'le.  40. 


Required,  Ii\  and  V  V. 
Fi-om  A,  draw  A  f,  l  O  B. 
a.  Given,  B  h. 
Bh  =  Bf^hf=Bf'-B*r  =  R  vers  A  -  i^'  vers  A 
=    (72  —  Ji^)  vers  A- 

Bb  Bb 


b.  Given.  B  B\ 
R   —   R'    = 


vers  A 
BB' 


vera  A 


2  8ln(A/2) 


R'    =    R 


BB* 


2  8in(A/2) 


c.  Given  B  B'  and  AB.     R'    =    R 


AB  -  BB' 

Yb 


In  each  case,  Y  V    =    7'  - 
=  B'h" 


T    -     {R  —  R')  tan(A/2) 
=  /I  b'  =  /?  6/pIn  A- 


A     A*      r  v 


FlK.  50. 


tan  point,  B,  i.  opposite  the  old  tan  Point^.ft.^^oOgle 
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Given,  B  B\     Reqd  «',  A  A'  and  V  V.     Draw  O'  O  [1  A  A;    and 
F'  e  B  jB  ^'.     Produce  radios  O  B  to  meet  tan  A  £  In  K. 
BB'    =    B  K  —  B*K   =    R  exsec  A  —  *'  exsec  A 
=   {R  —  R')  exsec  A- 

BB'  BB' 

.'.  R  —  R'    =z    ;     and  i2'    =    i? . 

exsec  A  exsec  A 

A  A'  =  G  O'  =  G  O  tan  A  =  {R  —  R')  tan  A 
BB'  BB' 


exsec  A 

V'e 
sin  A 


-  tan  A    = 


tan  (A/2) 


BB' 

sin  A 


138.  Each  tan  uhlfted,  parallel   with  itself.      A  constant.      R 

constant.     Curv  point,  A,  and  tan  point,  B,  changed. 


A 

V. 

a 

"V^ 

^ 

■^ 

^ 

^K 


Vis,  51. 


K/' 


Flff.  52. 


(1)   Fig   51.      Both   tans   nhlfted  outward,   as   shown,   or   both 
inward. 
Let  tan  A  V  be  shifted  thru  dlst  A  a;   tan  FB  thru  dist  B  h. 
Then  A  A',  B  B',  O  O'  and  Y  Y'  are  equal  and  parallel. 
Required  a  A'  and  hB'. 

Let  Y"  be  the  intersection  of  A  F  and  Y*  B'. 
Draw  Y  K  |i  Bh,  and  F'  F  ||  A  o.     Then  : — 

Bh                  A  a 
a  A'    =    YH    =    Fy  —  yff    = . 


1>B'    =    KY'    =    KY"  -  Y''Y'    = 


sin  A 
Bl) 


tan  A 
Aa 


tan  A  sin  A 

138.   (2)   Fig  02.  One  tan  shifted  Inivard,  the  other  outward. 

Let  one  of  the  shifts,  A  a,  be  considered  negativ.     Then   Y"  H 
and  F'V  are  negativ;  and  .    f^r\n\i> 

aA'  =  YY"  plu9  Y"  H;  bB'  =i  KY"  piumY^bj^^OOglL 


DlTev8?eiit  t«iis«iit«>  V  z  and  V  g*,  forming  aasle*  a. 

140.  Figs  53,  54,  65.   Tanseata  lateraeet  Im  taavent  Wiat,  B. 


FlK.  53. 


Fig  58.    (1.)  R  constant  I  A  shifted;  new  tan  point.  B\    Given 
TV  A  B,  radius,  iJ.  and  angles,  A  and  (k   A'  =  A  ±  o.* 
Required  dlst  A  X\ 

Make  angle  A  O  P  =  A',  «nd  thru  O,  draw  e  P  to  curv  A  B  at  P, 
making  O  e  =  P  f  =  R  vers  a.    Join  O  O'  and  e  O'.    Then  : — 


curv 
Heqi 


AA'   =   0  0'   = 


FlS,  54. 


141.   Fls  54.  (2.)    A  constant  I  R  changed;  new  tan  point,  B*. 

Required,  R\ 

Note.  In  order  that  the  tans  shall  Intersect  In  B,  we  must  have 
R*  <  R.  In  order  that  A  shall  remain  constant,  V'  B'  must  meet 
A  F  at  a  point,  V,  In  advance  of  A.  a  =  angle,  g  B  g*,  betw  the 
two  tans.    A'  =  A  —  a. 

Make  AO  P  =  A',  and  draw  O  P,  Intersecting  curr,  A  B,  In  P. 
Draw  B'  e  B  O  A.     Then  : — 


R  —  R'  (  =  O  O')    =    B'e    = 


Pf 


vers  A' 


=     R- 


vers  A' 


(versaX 
1 )  . 
vers  A7 


Mn  Fig  68.  a  Is  negatlv,  and  A'  =  A  -  o.     If,  as  in  Fig  66,  F  la 
betw  A  and  F',  a  Is  posltlv,  and  A'  =  A  +  «. 
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142.  Fig  55  (3.)  B  constant!  A  Bhtf ted ;  R  changed. 
BegaireO,  R'  and  dlst,  A  A'. 


Fls.  (ML 

I>raw  B  /  1  O  A,  and  O'  P'  0  O  B.     Then 
Af      =  A'/'  =  iBversA  =  JJ'versA'. 

vers  A 

/.R'  =r  ft ; 

vers  A' 

AAJ  z=  Bf  ^  Bf  =  ft  Bin  A  ~  ft'  sin  A'. 


^^^ 

1       A' 

'<N 

^' 

}         / 

't\ 

&■ 

ft 

4<^ 

^ 

/!/J(a  > 

f^^ 

FlK.  57. 


Figs  56  and  57.     Tnnsenta  Intersect  In  Tcrtcx,  V. 

14S.    Fig  56   (1.)   R  constant  I  A   shifted;   new   tan   point,  ft'. 
GiTen,  ft,  A  s-nd  a. 
Required,  shift,  A  A',  for  A. 

A  r  =  ft  tan(A/2)  ;      A'  F  =  ft  tlin(A72)  ; 

/.      A  A'  =  Ar  —  A'r=ft  [tan(A/2)    —  tan(A72)]. 
144.  Fig  57   (2).     A  constant |  ft  changed ;  new  tan  point,  ft', 
ft'  may  be  either  greater  or  less  than  ft. 
Giren,  ft,  A  and  a. 
Required,  ft'. 

AF  =  fttan(A/2)  =  ft'tan(A72)  ; 


/.  R'  = 


AY 


tan(A'/2) 


=  ft 


tan  (A/2) 
tan(A72) 
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Compound  Carr  Problcno. 

14S.  Point   P   InaccoMible.     Pig   58.     Find  the   common    tan- 
gent, VaVg,  thns: —  Avt  =  v,  P  z=  Rm  tan (8/2)  ;  and  B  Vo  =   vg  P 

=  Rgt&nia/^)  ;  or,  f  '  ^  -  '^  "    -  "" '^" 

branch  of  the  curv» 

JfP  =  iJ*  vers  iCO.    ,  

LP   =   KM   =    /?.  slniCO.P;   I/'P   =   K' M'  =   £#  sin  £' Op  P. 


n —  3.Vt  =  r«  i*  =   /c*  lanKB/z)  ;  ana  i>  va  ^   vg  i" 

or,  from  any  convenient  point,  as  K  or  IC'  on  either 

:urv,  lav  ott  K  L  or  K'  U,  parallel  to  Og  P;  KIj  = 

KO,P;  and  Jt'  L'  =  if '  P  =  Rg  vera  K'  Og  P,    Then 


From  the  tangent,  v»  vg,  thus  found,  the  branches  may  be  located 
by  the  methods  given  In  HH  05-98. 

If  the  common  tan.  Vt  Vg.  is  obstructed,  we  may  use,  in  the 
f^me  way,  a  parallel  line,  KM  ov  K' M',  found  as  above,  making 
proper  allowance  for  the  dist,  if  P  or  Af '  P,  betw  it  and  v»  Vg. 


Flir.  58. 

'  140.  Fig  59.    Special  case.    The  vertex,  V,  happens  to  lie  in  the 
common  radial  line,  Og  P,  produced.     See  f  57. 

Given,  A  (  =  «  +  C)  ;         Ta  =  AV,  and  Tg  =  V  B. 
Required,  9,  g,  Rt  and  Rg. 

9  —  0  /  8  0  \  A  /   Tg  —  T,  \ 

sin =  sin   I —  I  =  sin  —  (  I    ;  • 

2 \2  2/  2  \  Tg  +  T,   / 

♦See  foot-note,  p.  947. 
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•  =  A/2  +   (•  -  flF)/2;  a  =  A  -»; 

R*  =  r./tana;  R^  =  T^/tan^. 


147.  Figs  60-61.  Given,  a  simple  curv,  AM  B,  Joining  two  tan- 
gents, A  V  and  V B;  Retaining  the  same  tans,  it  Is  reqd  to  substt- 
tote  a  tkrce-eentcr  compomid  corr. 

148.  Fie  60.  A.  Rctalnins  A  aad  B.  Compound  curv, 
AFmmPhb, 

Let  i{=OA  =  OJf  =  OB  =  radius  of  simple  curv,  A  MB; 
Rt  =  OtPm  zz  Oafn  z=z  O,  Pb  <  R; 
R0  =  0mA  =  OhB   >  R; 

9        =:    PmOtPt;  0    =    AOmPm   =:    B  Oh  P»; 

A    =^0B  =  *-f2'(?  =  sweep  of  simple  curv,  AMB; 
Jf  m  =  dist  betw  mid  points  of  the  two  curvs. 
Produce  F O  to  *,  and  draw  Oth  iV K.    Then 

0»*  =  0»0  8in(A/2)    =   (JSf  — 12)  sln(A/2) 

=  0»0.  slnrr/2)    =    (R#-«0  •ln(»/2)  ; 
whence : — 

(12, -iZ)  sln(A/2)  A-« 

Bln«/2    =    :^ ::— ;     g    = 


R9  -«. 

12sin(A/2)  --BtBln(»/2) 


2 


R#     = 

sin  (A/2)  -Bin(V2) 
Draw  O*  n  1  OB.    Then 

0  0,  =1  O,  »/sin(A/2)   =   (Rt  -  R,)  sin  y/sln(A/2)  ; 
and 
91  m=     00,    -f    O.  m    —    OM    =     O  O,    —    (O  if  —  0«  m) 

B\ng 

=      (/Jir  -  12*)    -     (R  —  R,). 

sin  (A/2) 

*Prom  the  equations  for  sin  (.4  +  B),  cos  (A  +  B),  sin  (ii 
and  cos  {A  —  B),  ff  16,  16.  p  07&,  it  can  he  shown  that 
8  —  0  A  tan(»/2)   —  tan(ff/2) 

sin =  Bin —  X    ; 

2  2  tan(«/2)   -f-  tan(£P/2) 

tan(»/2) 


B) 


and,  from  Tg 


65 


r. 


If  57  and  p  38,  11(5),  we  have 


ten((7/2) 
Tr  —  r*  tan(»/2)    —  tan  ((7/2) 


Ti^  +  Ts 


tan(«/2)^-f  tan((7/2)     ^  , 
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148.  Fler    61.      B.      RetalnlniT    tbe    same    middle    point,    M. 

Compound  curv,  A'  PuMP^B'. 

Let  R     =OAzzOM=zOB  =  radius  of  simple  curv.  AMB; 
R,   =   O.Pa  =  0,M  =  0,Pb   <   R; 
Rg  =  0«A'  =   ObB'   >   R; 
a     =  PaOtPb;        g  =  A'OaPa  z=.  B'OtPh; 
A    =A0B  =  s-^2g. 


Fls.  «1. 

In  the  Fig,  produce  the  curve,  Pt  M  P«,  to  meet,  at  n,  the  line. 
0«  k,  i[  O  A;  and  draw  nh  \\  Pa  Oa,  and  nf  ^  Oe  O.  Then  n  Is  a 
point  In  the  long  chord,  MA  (not  drawn),  and  in  the  long  chord. 
Pa  A'  (not  drawn)  ;  the  tan,  en.  thru  n.  Is  ||  AV;  and 

nk  =  A  e    ==  nf  ver8(A/2)   =   (R  -  R.)  verB(A/2) 
=  A'cr*  =  n^vers^  =   (Rt  —  -R.)  versfip; 

whence  we  have  : — 

nk  («  —  «.)  verB(A/2) 

verss  =  =  ; 

Rff  —  R,  Rt  —  R, 

Tip  zzz  R»  +    (n  Ar/vers  g)  ; 

R,  r=  i2  -  [»*/ver8(A/2)]. 

cot(g:/2)   =  cot(A/4)   +   (A  A7n*)  ;       «  =  A  -  2y; 

AA'  =  BB'  =  fcA'  -  AA   =  nfc  [cot(fir/2)   —  cot(A/4)] 

150.  Shifting  C.T.  along  its  tangent.  Fig  62.  Given  a  com- 
pound curv,  U  P  E,  joining  two  tans,  U  V  and  V  E.  Retaining  the 
same  tangent-directions,  and  tlie  given  initial  radius,  R^,  it  Is  de- 
sired to  make  the  second  branch  join  the  same  final  tan,  V  E',  as 
Defore,  but  at  E',  instead  of  at  E. 

Required,  the  nt?w  final  radius,  Rf*,  and  the  new  distribution  of 
the  sweep,  A.  betw  the  two  branches;  i.  e..  the  new  values  (»'  and 
e'),  of  the  sweeps,  u  and  e.  The  change  involvs  shifting  the  C.C. 
from  i*  to  a  new  point,  iis  /". 

Let  u  (  ==  E  E')  be  positiv  when  measured  forward  from  E,  as  tn 
Fig  02. 

As  in  Fig  62,  let  the  subscript,  e,  refer  to  that  branch  whose 
radius.  R0,  is  to  be  changed  ;  and  let  the  subscript  u  refer  to  the 
other  branch.  .    ^.^^1^ 
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Since  the  tangent-dlrectloiis  are  unchanged,  we  hare  A  = 
i#  -+-  e  =  tf'  +  «';  and  «'  =  «  +  «-  e*. 

In  the  Fig,  produce  the  u  branch,  UP,  to  meet,  nt  n,  the  line. 
0»n  drawn  parallel  with  O0  E  (n  is  in  any  straight  line  P  B,  P'  E\ 
Joining  either  C.  C.  with  the  corresoonding  tan  point).  Draw  nf, 
D  and  =  0»  O,  =  «.  -  ie„  =  f  S.    5raw  n  fc',  l  O.  ^  and  i  O.'  E< 


FifiT.  e2. 


(1)  Given  the  change  (=  PO-P'  =  «'  —  «  =  c  —  e')  in  the 
sweeps;  reqd  /?•'  and  y  {  =  E  E'}.     Here  we  have  e'  =  P'  60'  E'  = 

0^00'  =  R0^-^  Ru.    Then: — 

B'  *'   =    (Be'   —   U«)  vers  e'  =   E  k   =    («•   —   «„)  vers  e.    Hence, 

lU'  (=  0/  JB')  =  O.'  <  H =  12«  -h  (ie,  -  R^)  vers  e/vers  «* ; 

vers  e' 
y    (  =  BE'  =  n*'  —  «&)    =    J5' A?'cot<e'/2)   —  -E7  &  cot(<?/2) 

=  A^&  [cot(c72)    -  cot(e/2)] 

=    («•  -  Ru)  vers  e   [cot(c72)  —  cot(c/2)]. 

(2)  Given  «•';  reqd  POuP'  (  =  u'  —  «  =  e  —  e')  and 
y  (  =  EE').     Here  we  have: — 

E'  fc'         2;  fc  (iJe  —  Ru)  vers  c 


vers  c'  = 


n  i  ni  R, 

POuP'    =    c   —    C;    tt'    : 
y  (  =  E  E')   as  above. 


and 


u    +    POuP'. 
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(3)  Given  y  {^  EE');  reqd  P  OuP*  (  =  «  —  e')  and  «•'. 
Since   (see  above)  y  (=  EE')   =  Ek  [cot(e72)   -  cot(c/2)]. 
we  have : — 

-?^  =  cot(«72)  -  cot(e/2)  ;  and  cot(«'/2)  =  cot(«/2)  +  -^ 
E  k  Ek 


=  cot(c/2)  + 


Then  :-^ 


(R»  —  Ru)  vera  c 
P  0«  P'  and  R»'  may  be  found  as  above. 

Plus  and  minus  mlgwuu    See  p  017,  f  < 


B'  beyond  E 
(y  poaltlv) 

E'  betw  E  and  V 
(If  neieatlv) 

i2«  >  Ru 

(Pig  62) 

/?e  <  /?« 

iZ«  >  JB. 

i2«  <  J^ 

POuP' 

posltiv 
<  c 

negativ 
>  e 

>  R* 

negativ 
>  c 

posltiv 
<  e 

Flff.  63. 


151.  Fig  63.  Given  a  compound  curv,  U  P  E,  Joining  the  tana, 
U  V  and    v  E.     It  la  required  to  sblft  t]i«  final  tanccnt*   V  B. 

parallel  with  Itself,  to  the  new  position,  F'  E\  retaining  the  original 
radii,  Ru  and  Rr.  The  change  involvs  ahlfting  the  C.  C.  from  P  to 
a  new  point,  as  P*. 

As  in  Fig  63,  let  the  aubscrlpt,  e,  refer  to  that  branch  which 
joins  the  tan,  V  E.  to  be  shifted ;  and  let  the  subscript,  u,  refer 
to  the  other  brancn. 

Since  V  E  and  V  E'  are  parallel,  we  have  A  =  «  +  c  =  «'  +  «', 
or  «'  =  tt  +  c  —  c'. 

Given  e,  R^,  Ru  and  the  shift,  x  (  zz  E  Q)  of  the  tan  (call  m 
positi^  when  measured  intcard  from  E,  as  in  Fig  63) ; 

Required  the  new  distribution  of  the  sweep,  A.  betw  the  two 
branches;  i.  e.,  the  new  values,  (u'  and  e',)  of  the  swe^s,  u  and  e. 


COMPOUND  CURV  CHANGES. 
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Draw  0*M  I  O0E  and  1  O0'  B'.    Then 

(1)    0/Jf'  —  R0  -'  E'M'   =  0/O.cosC  =    (Re^Ru)  coac'/ 
i2)  0»  M    =z  R0  -^  E  M    =0.  O.coac    =   (R0  —  Hu)  coae. 
Subtracting  (2)  from  (1),  we  have 

EM  --  E'M'  (=  BQ)    =   9   =    iR»  —  Bu)   (cos*'  -  cob  c) 
and 

a 
coae'  =  cose  4 ;      u'  =     A  —  «'• 

Plna  and  mlniu  aUnui  (A  <  90").     See  V  69. 


V'B'   ituide  of  F^(a>positiv) 

y  E'  outside  otV  E  {x  negatlv)  | 

«.   >   i2«   (Fig 63) 

A*   <  Ru 

R*   >   Ru 

R0   <   Ru 

e*  <  e 

e'  >  e 

e'   >   c 

e'   <   « 

Figs   64.     Given   a   compound   curv,    U  P  M  B,  joining   the 

tana,  U  V  and  V  B.  It  is  desired  that  the  direction  of  the  tan- 
sent  V  B  shall  b«  ehanired  to  V  E,  V  B  forming,  with  V  E,  the 
angles  a  =  VBV\  and  passing  thru  B. 

Retaining  the  first  radius,  Ru,  and  the  curv  point.  U,  it  is  re- 
quired to  find  the  new  radius,  R«',  replacing  R«.  and  the  changes  in 
u  and  e.  The  change  involys  shifting  the  C.C.  from  P  to  a  new 
point,  as  P'. 

A,  A'      =  compound  curv  sweep  for  old  and  new  curv  respectivly. 

Rn  =  Initial  rad  (unchanged  In  this  problem). 

R;R9'  =  final  radius  for  old  and  new  curv  respectivly. 

»,    tt'     =  sweep  of  Ru  for  old  and  new  curv  respectivly. 

e  =  sweep  of  Rt. 

e*    =  sweep  of  Rt. 

a  =z  VEV. 

Then  A     =  t»  +  e  =  A'  ±  «/     «    = 

e 

=  «'  +  c'  =  A  ±  < 


e'  =    A' 


A'  ±  a  —  c 

A'  ±  a  —  « 

A    ±  a  —  e' 

A    ±  a  —  «'. 


tt'  =    A'  —  «'  = 
e'  =    A'  -  •*'  = 
A'»  «'*  and  t*'. 

,   .  ...  _   Graphic  method, 

From  i?.  draw  a  line  in  the  dlrec  " 
measure  EH   =   Ru.     Join  H  Ou. 

hoV  1  JSrOn.  to  meet  BB  (produced,  If  necessary)  In  O/.     Then 
B/  =  il,  +  IT  0/  =  12«  ±  0«  0/  =  EH  ±H  O*'  =  E  O.'. 

From  0«,  thru  Ou,  draw  Ot' P*,  to  intersect  the  17  branch,  UP 
(produced,  if  necessary),  in  the  new  C.C.  at  P'.    Then 
a*   =   P'0*'B;         »'   =   UOuP'. 


A' 
Required,  R»' 
153.  (1)  Given  A»  a,  u,  e»  R«  and  R«. 

~  "    ■         a  Jlne  in  the  direction,  E  O.'  I   V  A'.    On  this  line. 

Bisect   uOu  in   h,   and   draw 


When 

Fig 

We  have  iZu          ' 

Oe  &  Oe'  In  <  Foci     Maj  axis 

R^  >   Ru 

a. 

=    Oe'  ^    -    Oe'  0» 
=    Oe  JS7   —   0.   0. 

=  «•  —  («.  —  «») 

hyperbola  Ou,E  mn  =  Ru 
ellipse  On,  J9  m  fir  ==  At* 

R0   <  Ru 

l». 

=:    0,'E    +    Oe'Ou 
=    Oe    ^    4-    0.    0« 

=  «•  +  («•  -  i2.) 

154.  Flira  64.     (2)  Given  A*  •»  u*  e.  Ru*  Re,  V  V  and  £2  V. 

Or,  If  17  r  and  B  V  are  not  given,  we  have : — 
UVslnA  =  iJ-versA  +   C^e  —  Ru)  verse;         see  eq   (74). 
EVsinA  =  /Severs  A  —   (^«  —  -R«)ver8tt; 


^k 


^OIS 


SAII.BOAIX8. 


HT'     z=:     EV  .  Bin  A/sln  A' ;       W     =     MV  .  B\n  a/sln  A' ; 


e'  t/F'  Bin  A'  —  iZuvereA' 

Tan  —     :=     

2  ^F'  4-  tTF'  cos  A'    -  ^«  sin  A' 


See  eq  (77) ; 


w'     =    A'  —  c'     =     A  ±  0  —  f ' ; 

R,'8lne'     =     EV    -f    17 F' cos  A'  -     «««lnA'    +    Jli.Blne', 

See  Eq  (78)  ; 
PO-P'     =     ±  (e  —  e*  ±  a)     =     ±  (vT  ^  ti). 


Fig.  64b       B«  <  R* 
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BB9IJRVBT   OF   CURVS 
To  And  the  aliarpiiCMi*  D»  of  an  caclatlnv  enrr. 

155.  FlK  66.  Vertex,  V,  acceimlble,  and  directions  of-  tans, 
YA  and  V  B,  giyen.  Required,  radiaa,  R  (or  sbarpnesa,  D)  ;  A 
and  B. 

With  tbe  inst  at  V,  measure  A;  ftnd  ^rom  either  tan,  lay  off 
angle.  B  V  P  -or  AVP  =  (180*  —  A)/2.  Measure  tbe  external. 
E  =.  V  P,  from  V  to  cen  line  of  existing  track.    Then  we  haye : — 

i2(=0iL  =  0B)=r  «/eX8ec(A/2)  ; 

T   (  =  A  F  =   FB)    =  liyton(A/4)    =  ii  tan  (A/2)  ; 

8ln(D/2)   =  50/R. 

Approx.  we  baye  D  =  5730/A. 


15a.  FIs  66.    Vertex,  V  (not  shown).  Inaccessible. 

Set  up  over  a  point,  as  p,  in  the  center  line  of  tbe  curv.  prefer- 
ably at  or  near  either  end ;  and  lay  off  and  measure  peripheral 
angles,  apb,  b  p  c,  etc.,  each  subtended  by  a  unit  chain  (as  ab, 
be,  etc.),  on  tbe  curv.  The  average  of  these  angles  may  be  taken 
as  (approx)  tbe  peripheral  angle,  D/2,  of  the  curv;  and  twice 
{D/2)  =  i)  aa  tbe  sharpness.* 


157.  Fig  67.  Or  set  over  any  point,  p.  in  center  line  of  track. 
Measure  one  chain,  pm  =  pn,  in  each  direction,  to  m  and  to  n, 
also  in  center  line.     Measure  angle  qpn  =  !>.• 

•In  all  such  work,  the  entire  curv  should  be  covered  as  tboroly 
as  practicable,  the  method  being  repeated,  over  different  portions 
of  the  curv,  and  an  average  taken ;  for.  in  curvs  which  hav  been 
used  for  some  time,  tbe  curvature  is  frequently  found  to  vary  from 
point  to  point,  tbe  track  having  been  thrown  out  of  true  by  traffic, 
and  perhaps  relined  by  eye  without  reference  to  center  stakes. 
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158.  By  middle  ordlnates.    Fig  68.    In  any  circle, 
(2  B  —  m)m  =    (c/2)». 

Approximately,  2Bm  =.  (0/2)*; 

or  approx,  R  = = . 

2m  Sm 

Hence,  if  a  cord,  of  any  given  length,  c,  subtending  a  small  sweep, 
be  stretcbt  betw  two  points,  n  and  p,  on  the  Inner  side  of  tbe  head 
of  the  outer  rail,  and  if  its  mid  ord,  m,  be  measured,  to  the  rail 
head,  we  have  : — 

R    =z    (o»/8m)   —  half  the  gage. 


Flff.  68. 

Usaally  the  half  gage  may  be  neglected. 

Then  8in(i)/2)    =    50/R;  or.  approx,  D    =    5780/A. 

If  tlie  cord  be  100  ft  long  (  =  one  chain  length),  and  the  mid  ord 
m,  in  ft  measured,  D  may  be  taken  at  once  from  table,  pp  898-9.* 

159.  Conversely,  to  find  the  mid  ord,  M  ins  or  m  ft,  corre- 
sponding to  any  given  length  of  cord,  c,  in  feet,  and  to  any  given 
sharpness,  D,  or  radius,  R,  we  have  (approx) 

M,  ins,  =  12  m  =  12c«/8ie    =  1.5  cVT?. 

Thus,  with  a  30-ft  rail  (c  =  approx  30  ft),  on  a  3*  curv  (R  = 
1910  ft),  we  have,  approx: —     M  =  1.5X900/1910  =  0.707  inches. 


Again,  (approx)  o  =    \SmB  =    Vg  m  5730/i)  =  214  -Sm/D. 

If,  now,  we  make  if  =  mid  ord  in  ins  =  12  m  =  D,  in  degrees,  or 
m  =  D/12,  we  have,  approx : — 

fSD  ISD    5730  , 

0  =   -*/ .  R  =   ^  . =  V3820    =    61.81ft 

\   12  \  12        Z) 

Hence,  with  a  cord,  c,  61.81  (say  62)  ft  long,  we  have: — 
M  =  mid  ord  in  ins  =  sharpness,  D,  of  curv  in  degrees.*     Com- 
pare t  178. 

160.  Fig  69.  From  any  point  as  o  (preferably  a  Joint),  on  tbe 
inner  or  gage  side  of  the  outer  rail,  sight  to  another  such  iwint, 
as  5.  such  that  the  line  of  sight,  a  b,  is  tangent  to  the  gage  side  of 
the  inner  rail,  as  at  p. 

*In  all  such  work,  the  entire  curv  should  be  covered  as  thoroly 
as  practicable,  the  method  being  repeated,  over  diflTerent  portions 
of  the  curv,  and  an  average  taken;  for,  in  curvs  which  hav  been 
used  for  some  time,  the  curvature  is  frequently  found  to  vary  from 
Kl?*«i?KP**  "^^^  i?*®^*l*^^  having  been  thrown  out  of  true  by  traffic, 
and  perhaps  relined  by  eye  without  reference  to  center  stakes. 
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Then,  for  the  mid  ord  to  the  chord,  a  b,  we  have  pp*  =  Q  z= 
gage. 

Let  I  =  rail-length,  in  f t ;  ^  =  number  of  rail  lengths  in  arc, 
a  p'  6.  Then  A^  I  =  arc,  a  p'  6,  In  ft. 

Let  6  =  angle,  aOh;  0  =  chord,  ah;  R'  =  outer-rail  gage-side 
ndius ;  R  =  center-line  radius ;  D  =  center-line  sharpness. 

Measure  C  =  ah:  or  count  N,  find  y  I,  and  (generally  near 
enough)  assume  chord,  a  6  =  arc,  N  I.     Then  : 


tan(«/4)  =  tan  p'ap  =  2G/C;       R'  -  r/2sin(«/2)  : 
i2  =  «'  —    (0/2);    8ln(2>/2)    =  50//J;    or,  approx,  D  z=: 


5730/A. 


ClnMlfleatl*n  of  Reavrrcy  Cases. 
161.  As   to  the  choice  of  method   of  procedure,   resurvey   cases 
may  he  classified  as  follows : — 

A.  Vertex,  T,  accessible;  short  curvs; 

B.  Vertex,  V,  Inaccessible ; 

1.  CurTs  of  moderate  length ; 

2.  Long  curyg. 


Procedure. 
A.   Vertex*  T,  accessible  i  short  cvrrs. 

162.  Fig  70.  Locate  Tcrtex,  V,  thus :  with  inst.  at  a  point,  X.  on 
a  tangent,  say  50  ft  back  from  the  curv  point.  A,  backsight  along 
the  tan,  and  plunge  telescope,  sighting  toward  V.  Doing  the  same 
at  Y,  on  the  other  tan,  V  B,  we  find  the  Intersection,  V,  of  the  two 
tans. 

Find  A»  JB,  R,  D  and  T  as  In  f  155. 
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L  (  =  cury  length,  AP  B,  \n  unit  chains)  =  t^D. 

Locate  the  curv  points,  A  and  B,  by  laying  off  7*  =  V  A  =  V  B, 
from  F.  or  by  laying  off  L/2,  in  ft,  along  cen  line  of  curv,  from  P. 
L/2,  in  nnlt  chahis,  =  lJ(2  D)  ;    L/2,  In  ft,  =  50  Z^D. 

With  Inst  at  P,  lay  off  right  angles,  V  P  tn  and  VPn,  locating 
the  tan,  mn;  and  Terify  angles  mPA  =r  nPB  =  A/4;  or 

With  Inst  at  A  and  at  B,  verify  angle  VAB=VBA=/_ 


A/2,  or 
If  the  track  has'iblfted  materially  at  P,  giving  a  false  valne  of 


V  AP  =  VBP  =z  A/4 
I  sbll 


If  the  track  has  shifted  materially  at  P,  giving  a  false  vaine  of 
E,  the  foregoing  equations  will  of  course  give  false  values  of  R  and 
D.  Compare  the  value  of  D,  so  found,  with  the  value  recorded.  If 
the  track  has  shifted  betw  P  and  A  or  betw  P  and  B,  the  measure- 
ment of  L/2  from  P,  as  above,  may  give  false  positions  for  A  and 
B.    The  discrepancies  must  be  adjusted,  according  to  circumstances. 

Run  the  new  curv,  marking  it  temporarily.  Observe  what  amount 
of  throw,  and  in  which  direction.  Is  required  at  each  point.  Re- 
adjust, if  necessary,  and  drive  stakes  to  mark  the  final  location. 

B.  VerteZf  T,  biaeeesaible. 
Cwrvm  of  moderate  leagrtk. 
a.  By  Trial  Curv.     Fig.  71. 

163.  Given,  the  sharpness,  D,  of  an  old  curv,  whose  original 
position  was  A  B,  and  the  directions  of  its  tans,  A  V  and  V  B. 
Required,  A  and  the  positions  of  the  T.C.   (A)  and  C.T.  (B). 

Let  A''  be  the  supposed  position  of  the  T.C,  or  a  point,  near  the 
T.C,  on  the  tan  or  on  the  tan  produced.  Set  over  A",  and  begin 
running  a  trial  curv.  A"  m,  of  the  given  sharpness,  D,  marking  the 
100-ft  chain  points  temporarily. 

If  A"  is  materiallv  distant  from  the  T.C  (A),  as  In  Fig  71^  the 
trial  curv,  A"  m,  will  soon  be  found  deviating  seriously,  as  at  m. 
from  the  old  track,  A  B.  Measure  the  distance,  m  §,  betw  the  trial 
curv.  A"  m,  and  the  cen  line,  A  B,  of  the  old  track.  Then,  for  the 
shift,  A"  A,  reqd  for  the  T.C,  we  have : — 

ms    t 

A" A  =  mn  =   (approz)   win'  •  =  , 

sin  A«» 
where  A«»  (ormf)  =  sweep  of  trial  curv  betw  A"  and  m.* 

Let  A"  A'  represent  the  approz  value  thus  found  for  the  shift, 
A"  A.  Move  Inst  to  A'  and  re-run  the  trial  curv,  with  D  as 
before,  taking  transit  points,  7*1,  Tt»  etc.,  at  preferably  equal  dlsts 
of  say  500  it  From  each  transit  point,  locate  a  short  line,  as 
7, 9,  parallel  with  the  original  tan,  A  V,  marking  said  line  with 
a  nail,  as  at  9. 

Run  the  trial  curv.  A'  T^,  thru  a  sweep,  r\,  to  a  point,  as  T^ 
where  its  final  tan,  v'  Ta,  Is  supposed  to  be  parallel  with  that,  V  B, 
of  the  old  curv,  A  B.  Thru  T4  run  a  line,  T^u,  parallel  with  V  B, 
and  measure  the  angle,  tt>  betw  T4  u  and  if  T^  produced.    Then : — 

A    =     9  ±tA 

*To  facilitate  Illustration,  the  deviations.  In  Fig  71,  are  grossly 
exaggerated.  In  practice,  the  tans  of  the  two  curvs,  at  m  and  at 
9,  would  be  approz  parallel. 

fin  Fig  71,  the  angles,  A"»«  A«  and  A*  i^re  designated  tm  m,  9 
and  i,  respectivly,  to  avoid  overcrowding. 
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Locate  the  terminus,  B\  of  tlie  trial  curv,  A'  B',  accordingly. 
The  tan.  V'B'  ia  then  parallel  with  the  tan,  FB.  thro  B;  and  angle 
F  V'B'   =  FVB  =  A  . 

Meaanra  the  dlst,  S'e,  from  B*  to  the  cen  line  of  the  old  track.* 
Then,  for  the  shift,  A' A  =  B*  B,  still  reqd,  to  bring  A'  and  B' 
into  their  proper  positions,  A  and  B,  respectivly,  we  nave : — 

B'e 

B'  B     =     • 

sin  A 


Fiff.  71. 

Elach  of  the  transit  points,  Ti,  T»,  etc,  is  also  to  be  shifted  thru  a 
dist  =  B' B,  in  the  direction,  T^x,  parallel  with  the  original  tan, 
AV/  the  entire  cury  being  thus  shifted,  in  that  direction,  thru 
adl8t  =  B'B. 

If  the  trial  curv.  A'  B'  had  fallen  inside  (instead  of  outside)  the 
existing  track,  this  shifting  of  the  trial  curv  would  of  course  have 
been  in  the  opp  direction. 

From  each  transit  point,  as  thus  shifted,  and  from  A,  the  curv 
mny  now  be  re-run  in  each  direction,  coinciding  nearly  with  the 
oxistinff  track.  The  max  dist,  from  inst  to  stake,  will  be  half  the 
dist  betw  transit  points. 

•To  facilitate  illustration,  the  deviations,  In  Fig  71,  are  grossly 
exaf^fferated.  In  practice,  the  tans  of  the  two  curve,  at  m  and  at  8, 
would  be  approz  parallel. 
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164. 

Of  the 


Ficr  72.    But,  If  a  trial  cnrv,  A  B,  requirea  too  great  shlfttng 

_       .   ezistlng  track    (not  shown)  ;   find,   oj  a  plotting,   another 

curv,  AiBi,  of  diff  sharpness,  (inside  or  outside  oiAB)  which  will 


satisfactorily  reduce  the  read  track  shifting.  On  the  plotting, 
measure  the  external,  E  =  v  P,  of  the  trial  cury,  A  B,  and  the 
shift,  P  Pi,  which  the  preferd  line,  AiB^^  requires  for  the  mid 
point,  P,  of  the  trial  cury.  Then  find  the  rad,  R^  of  the  preferd 
cury,  AiBi,  by  means  of  the  equation, 

E  ±  PPi 

Radius  of  preferd  cury  =  Ri  =  . 

ezsec  (A/2) 


FlK.  72. 


Then,  to  shift  the  cury  points,  A  and  B,  to  Ai  and  Bi  respectlvly. 
as  In  H  163,  we  haye : — 

AAi    =    B  B.    —    T  —  Ti    =     (approx)  L/2  —  Li/2 ;     where 

Ti  =  7«itan(A/2)  ;     T  =  /Jtan(A/2)  ; 

T    -    r,    =    iR  -  /^i)  tan(A/2)  ;     L/2intt    =    50A/i>;   and 

W2  in  ft     =     50A/I>i. 

Run  the  preferd  curv,  .1,  Bi,  preferably  forward  from  ^x,  back- 
ward from  Dij  and  both  ways  from  I*i.  .  '     .-.^.^ 

jigitizedbyV^OOglC 


CUEV   BELOCATION. 


959 


hj  simple  measmt  irom.  the  cnrv,  A  B»  thus : — 

Required,  to  find    (approz)   the  dlst,  vmi,  betw  the  two  cutyu, 
A  B  and  Ai  B^,  measured  |  with  the  central  radius,  Oi  Pj. 


FiflT.  73. 


In  Fig  73  (grossly  exaggerated;  see  detail,  Fig  73ah  let  the 
dotted  curT.  PiC,  represent  a  curv  having  the  same  radius.  R,  as 
curv,  A  B,  but  passing  thru  the  mid  point,  Pi,  of  curr  AxBi;  and 
let  «i  «i  be  the  dist  (parallel  with  P  Px)  from  a  given  point,  49f,  on 
curv  Px^tt  to  a  required  point,  Xj.  on  the  reqd  curv,  AxBx.  Draw 
*il  and  «f2,  parallel  to  the  tan,  Px  n,  thru  Pi.  Then : — 
w,mx     =     Pi  2     —     Pi  1  =  P  TO     —     Pi  1 

=     ie vers 2a  —  Rxven 2h;   where  a  =  nPx^t, 

and  6  =  nPi^x; 
and  the  dlst,  »  mx,  from  the  curv,  A  B,  In  the  same  direction,  to  the 
reqd  point,  Wx,  on  the  final  cury,  ili^i,  is 

wofx  =  9  0t  —  Wt^x  =  PPi  —  (A  vers  2a  —  Ki  vers  25.) 
This  method  is  sufficiently  approz  in  practice,  notwithstanding 
that  the  measurements,  given  by  the  equations,  are  parallel  to  P  Pi, 
instead  of  being  radial  to  either  cury.  As  this  divergence  increases 
(yrith  the  dist  of  the  point,  Wi,  from  Pi)  the  dlst,  wox,  betw  the 
two  curvs,  diminishes. 
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li*  By  TniTenM. 

tee.  Fig  74.  Let  0  A  B  y  be  the  center  line  of  the  ezlstloir  track. 
Set  over  a  point,  as  a,  on  a  tangent,  back  from  the  supposed  curv 
point.  A;  and  run  a  tra verse  line  as  a,b,c,d,  selecting  the  traverse 
pts,  0,0, d,  etc,  preferably  at  pts  (on  or  near  the  roadbed)  which 
the  new  cury  must  either  avoid  or  strike,  and  not  too  far  apart 
for  accurate  chaining.  Measure  carefully  the  courses,  ah,  bo,  od, 
etc,  and  the  angles,  a,  fi,  y,  d,  etc,  betw  the  courses.  Find  the  sums 
of  these  angles,  as  in  table  below :  said  sums  being  the  angles  made 
by  the  courses  respectively  with  the  tan,  A  V. 


1 

rM««'  » 

^iwt*. 

Backsight 

Foresight 

Angle   between    foresight 

and 
backsight 

and    AV 

lat 

dep 

a 
h 

0 

d 

0 

ah' 
ac" 
ad" 

0 
h'h 

d^d 

Tan,  a  at 
a 
h 
c 

6 

0 

d 
Tan,  d  y 

+  a 
+  P 
—  7 
+  « 

A=za 

B  =  A+fi 

(7  =  B+(-'y) 

Then  A  =  o  +  /5+   (—  7)+5=i  algebraic  sum. 
To  locate  the  cvrr  points*  A  and  B. 

Required,  the  dists,  a  A  and  dB. 

167.  Fig  74.    1.  By  Solution  of  Triansleiu 

In  any  trianele,  as  In  Fig  9,  p  97c,  let  the  angles  be  A,  B  and  C, 
and  the  opp  sides  respectlviy,  a,h  and  o.   Then  (see  p97c,  f  20)  : 
a/h  =  sin  A/sln  B.    Hence  Fig  74  : — 


Ft)     = 


OF     = 


Gc     = 


FG     = 


Vd     = 


ab  • 

Sin  a 

sin  a  F  5 

ah 

sin  ahF 

sin  o  i?  b 

Fc 

sin  a  F  5 

sin  cGF 

Fc 

sin  7 

sin  (  A  - 

«)      * 

n  /f 

sin  (  A  - 

-«) 

=     Ob 


sin  a 


=     ah 


sin  (180*  -B) 

sinj9 
sin  (180*  -B)     * 

sin  (180*  —  B) 


=     (Fb    +    be) 


Bin  (ISO"  -A) 


Gd     = 

07     = 
FY     = 


sin  (  A  —  9> 
Gc    +    cd; 

sin  a 


Gd 


sin  (180* 
GY  -  TO, 


•A) 


Find  A,  as  in  \  166.     Then  :— 

6780 

AV  —  YB  =  «tan(A/2)   =  approx  tan(A/2)  ; 

D 
Then : — 

aA     =     oV    —    AF     =     aF    -\-    FY    ^    AY : 
dB     =     Yd    -^    \B, 

168.  Ftg  74.    2.  By  Latitudes  and  Departures. 

Latiiud^%   (dists  parallel  with  a  tangent,  as  AY)  \  tor  finding 
dist  a  A  and  location  of  point,  A  :—  Digitized  by  L^OOglC 
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latoffi     ==     mT     =     ab'  -{•  1k^  +  cd' 

=     ad  cos  J.  -h  bccoeB  +  cdconC; 
aA     =     ad"  —  cfF  -  VA 

=     od"  —  ddVtanA  -  -Btan(A/2). 
(F&r  dd",  see  below.    J2  =  radius  of  existing  cunr). 


Departurea  (diets  normal  to  the  latitudes)  ;  for  finding  dist  dB 
and  location  of  point,  B : — 
depofd     =     dd"     =     N)'  +  cc*  +  dd* 

=     a5  sin  A   +   be  sin  B  4-  cd  sin  C; 
dB     =     dV    —    VB 

=     ddVBinA    -    « tan  (A/2). 


Fls.  75. 


168.  Pig  75.  (For  curvs  with  spirals,  see  end  of  this  ^.) 
Having  thus,  by  means  of  the  traverse,  H 166-168,  Fig  74, 
found  the  curv  point,  A,  and  tan  point,  B,  the  several  traverse  pts 
maj  be  used  for  locating,  by  simple  mensiireroent,  as  many  other 

Sts  in   the  curv ;   thus,   B^lg  75 : —     To  find  the  throw,  or  radial 
1st,  p  q,  from  a  given  traverse  pt,  p,  to  the  curv,  AB; 
Letap'  =  latof  o    }referd  to  the  origin,  a,  of  the  traverse, 
p'p  =  dep  of  p  3  and  found  as  in  if  168. 
R  =r  radius,  Oq; 
Then: — 

pp"  ap'  — aA 

Tan  A  O  p     = 


Op" 


«-p'p 


Op     = 


PP" 


a  p'  —  a  A 
sin  AO  p 


sin  A  O  p 
pq     =     R  —  Op. 
If,  as  In  Fig  75,  R  <  Op,  then  p  must  be  moved  Inward. 
If  K  >  Op,  then  p  must  be  moved  outwar<^itizedby\jOOgle 


Fig  76.  Fbr  a  point,  q,  in  the  circular  portion,' B  Br,  of  a 
splrold  curT : —  for  A,  in  the  foregoing,  read  A^;  and,  for  R  —  P'  p, 
read  R  •\-  H  ^  p' p.    Then,  as  ahove,  p  q   =   R  —  Op, 


o 

Fiff.  re. 


Lonfl;  cvjrTS»  re^olrins  eompoiuidlBS. 

170.  In  verr  long  curvs,  especially  where  the  track  haa  become 
much  out  of  line,  it  is  sometimes  found  impracticable  to  approxi- 
mate satisfactorily  to  the  existing  track  with  a  single  simple  carr. 

Resort  is  then  had  to  compounding  with  curvs  of  other  radii. 
Since  long  curvs  are  seldom  sharp,  the  required  change  of  sharp- 
ness is  seldom  more  tban  a  few  minutes. 

The  instrument  is  set  over  a  point  as  near  as  may  be  to  the 
middle  point  of  the  curv.  and  a  trial  curv  is  run  in  each  direction, 
with  the  sharpness,  D,  of  the  existing  curv,  as  ascertained  from  the 
records,  as  estimated,  or  as  assumed; 

When  either  trial  cunr  begins  to  deviate  seriously  from  the 
existing  track,  the  sharpness  is  to  be  slightly  Increast  or  dimlnlsht 
as  may  be  necessary.  This  may  have  to  be  done  several  times 
during  the  running  of  the  trial  cury. 


FlK.  77. 


Fig  77.  Suppose  that  one  of  these  trial  curvs,  approaching  from 
the  right  in  the  FLgi  has  thus  reacbt  a  point.  A\  say  500  ft  from 
its  destination,  which  is  the  curv  pt.  A,  of  toe  existing  curv,  t  A. 
Head,  the  location  of  A,  and  the  sharpness,  D,  of  the  curv.  A*  A, 
which  will  connect  tangentially  with  the  tangent,  A  V,  at  A. 

Lay  off  a  tan.  A'  V.  to  its  intersection,  F,  with  the  tan.  A  V,  of 
the  existing  curv,  ZA.  Measure  the  intersection  angle.  A'  at  F, 
and  the  semltangent,  T  =  A'  V  =  V  A.  -•»»-»» 

Then,  for  the  sharpness,  D,  of  the  short  curv.  A' A,  which  will 
complete  the  line,  we  have : — 

A  tr  A  ?     ^x    ^cot  (AV2)  ;     D     =     approx  5730/«; 
and  y  -4  (  =  T)  =  A'  F7incasured  from  V,  gives  the  curv  point,  A. 
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171.  'When  dovble-traeklns  an  extstlnir  atiislc^track  line, 

Fl£:  78,  yABabs  (centers  at  O  and  at  o),  the  sharpness  of  curv- 
ature may  be  reduced  (if  there  Is  room  on  the  right  of  way)  by 
placing  the  second  track,  y' A' B',  B^a'V,  &"«'  (centers  at  O'  and 


Flff.  78. 


at  o'),  alternately  on  one  and  on  the  other  8id«  of  the  existing 
single  track,  constructing  also  the  new  curvs,  A  B"  and  ab"  (centers 
at  O'  and  at  o'),  and  eventually  removing  the  old  curvs,  AB  and 
»b.     (Eng  N«ws  1918,  Oct  23,  p802.) 

SVPESREIiBVATIOHr 
of  Out«r  Rail  on  Cnrrs. 

(For  transition  curvs,  see  HH  194,  etc.) 
Theory. 
172.  Let  a  frictlonless  block,  IF,  sliding  forward  upon  a  straight 
track,  upon  which  the  two  rails  are  at  the  same  level,  encounter  a 
curv,  with  superelevation,  e,  as  shown  in  Fig  79. 


Fls.  79. 


173.  On  the  curv,  Its  (horizontal)  centrifugal  force,  transversely 
of  the  track,  is  W  vi^/R  g  (p  354]  ;  where  W  =  wt  of  block ;  v  = 
its  vel.  In  ft  per  sec;  R  =  rad  of  curv,  In  ft;  and  g  =  gravity 
accel  =  32.2  ft  per  sec  per  sec. 

174.  The  hor  component  of  its  gravitational  tendency  to  slide, 
transversely  of  the  track,  down  the  Inclined  plane  (i.  c,  its  cen- 
tripetal force),  is  Fk  =  W  tan  a  =  We/Go;  where  e  =  super- 
elevation, in  ft,  and  (?«  =  hor  dist,  in  ft,  betw  rail  centers. 

17B.  In  order  that  the  block  shall  not  be  shifted  laterally,  we 
must  have  these  two  forces  equal ;   or  W  v*/R  g  =  W  e/Qe;  whence 

snperel,  e,  in  ft,    =    Qev'/Rg    z=    0.03106  Gcv*/R    (114) 

For  vel,  V,  In  miles  per  hour,  we  have : — 

superel,  c.  In  ft,     =     0.06680  Oc  V^/R (115) 

Approz,  e,  in  tt  =  OeD  i>«/5730  a  =  Gc  D  v»/184.500 

=  0,i)VV86,768   , ,.(116) 
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ire.  With   stuidavd   cas«    (=  «   ft,  8.6  Ins   =    4.708  ft),    we 
have,  approx,  0«  =  4.9  ft,  and 

For  V,  ft/sec ;  For  V,  mi/hour ; 

superel,  e.  In  ft         =  0.1522  v*/R  =  0.3273  V*/B 

=  D  t;«/37.652  =  D  VV17,504 

=  0.000  0i6  66  D««  =0.0000572DF« (117) 

■uperel,  E,  In  Ins      =  1.826  v*/R  =  3.928  V*/R 

"    -^137.7  


=  D  i;V8,137.7  =  D  V>/1 ,458.6 

=  0.000  319  DV         =  O.()00  686  DV» (118) 

177.  For  other  sases,  since  the  angle,  a,  Fig  1,  la  Independent 
of  the  gage,  the  superel,  e,  for  a  given  rad  and  given  vel,  is  pro- 
portional to  the  gage. 

178.  Chord,   Co,  whose  middle   ordinate    =    svpereleiratloB. 

Compare  U  H   159,   186.     In  any  circular  arc,  we  have,  approx : — 

chord  =    'V  8  /it  X  mid  ord. 
Hence  (Eq  117),  we  have: 

Co  =  'V8U  X    0.000  057  DV» (119) 

and,  since  R  D  =   approx  5730,  we  have,  approx : 

Co  =  1.62  F  =VY.2i9  V  =   1.1  V (120) 

179.  Thus,  let  the  speed  be  40  miles/hr.  For  this  case,  Eq  (120) 
gives  Co  =  64.8  ft  Stretch  a  cord,  64.8  ft  long,  betw  any  two  pts 
on  the  concave  side  of  either  rail  bead.  Then,  whatever  be  the 
sharpness  of  curvature,  the  mid  ord,  from  this  cord,  to  the  con- 
cave side  of  the  same  rail  head,  will  be  approx  the  superel  reqd, 
by  our  equations,  for  a  vel  of  40  miles/hr. 

Practice. 
ISOi  In  actual  trains,  superel  has,  in  view,  not  only  the  position 
of   the   trucks,    transversely    of   the   track    (K  175),   but   also    the 
equilibrium  of  the  ear  bodies.     Superel  counteracts  the  tendeacv 

of  the  car  bodies  to  swing  outward  under  the  action  of  the  centri- 
fugal force. 

181.  The  foregoing  equations  are  based  upon  the  Ideal  eoMdI- 
tlons  of  Fig  79 ;  but  a  railroad  car,  and,  still  more  so,  a  train.  Is  a 
complicated  body,  made  up  of  many  parts  which  are  differently 
acted  upon  by  diff  forces ;  and  the  conditions  are  widelv  dlff  from 
those  of  Fig  70.  Friction,  betw  wheel  tread  and  top  of  rail  head, 
causes  the  first  outer  wheel  of  a  car  to  roll  forward  so  that  Its 
flange  presses  against  the  head  of  the  outer  rail ;  and  the  resistance 
of  that  rail  to  the  wheel's  forward  motion  supplies  a  centripetal 
force,  additional  to  that.  Fk,  of  gravity  (f  174),  and  wanting  in 
Fig  79  ;  and  the  action  or  the  two  principal  forces,  upon  the  follow- 
ing wheels,  is  complicated  by  the  traction,  exerted  upon  them  by 
preceding  portions  of  the  train.  See  K  36,  p  1061.  Even  if  an 
ideally  perfect  formula,  involving  the  speed,  could  be  devised.  Its 
usefulness  would  be  limited  bv  the  fact  that  but  one  superel  can  be 
given  to  any  piece  of  track ;  altho,  on  most  roads,  trains  must  travel 
at  widely  diff  speeds.  Nevertheless,  these  equations  are  quite  gen- 
eraUy  used  in  practice,  with  modifications  to  suit  special  cases. 

182.  The  amount  aad  details  of  superel  are  flxt  largely  by 
individual  judgment  (VV  183  to  187),  based  upon  local  conditions, 
by  the  nature  of  the  traffic,  etc.  On  the  score  of  safer/  and  for 
the  comfort  of  passengers,  the  superel  is  usually  adjusted  for  the 
higher  speeds  expected ;  out  this  may  entail  heavy  work  npon 
ions  and  slow  trains ;  and,  where  a  train  stops  upon  a  sharp  eurv, 
a  high  superel  causes  an  objectionable  cant  in  the  car  bodies. 

183.  The  superel  is  customarily  taken  at  from  0.6  to  1.0  Inch 
(In  some  cases,  1.25,  1.5  or  even  2  ins)  per  decree  of  aharpucaoi 
with  a  max  total  limit  of  from  4  to  6  (or  even  8)  inches :  speed 
being  reduced  where  necessary.  Eq  (114)  requires  a  snperel  of 
0.5  Inch  per  deg  of  sharpness  at  about  27  miles/hr.  1  tncli  at  about 
38  m/h,  and  2  ins  at  about  55  m/h. 
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184.  The  common  practice  (If  183)  of  making  the  snpeiel  pro- 
portional to  sharpness  of  curratare,  disregards  the  fact  that  Usli 
speeds  are  miaally  lowered  «poii  sMarp  eurra.     See  jf  187. 

185.  Oa  tke  Ifew  Terk  Ceatral  (fonr  tracks)  B  max  =  6.5  Ins. 

For  passenger  trains  on  carvs  flatter  than  1*, 

i?  =  2  ins  per  deg ; 
for  passenger  trains  on  currs  1*  and  sharper, 

^  =  1  in  per  deg  -f  1.5  Ins ; 
for  freight  trains. 

B  =  0.75  in  per  deg. 
ThlB  gives: 


for  sharpness 

0.25« 

0.50* 

0.75* 

1.00* 

1.25* 

1.60* 

1.75* 

B,  ins, 
passenger, 
freight, 

!P. 

1 

1% 

'a 

2X 

8 

1% 

3% 

for  sharpness 

2.00  *» 

3.00« 

4.00* 

5.00* 

6.00- 

8.00' 

10.00- 

B,  ins. 
passenger, 
freight. 

f^ 

t^ 

i^ 

5!i 

31^ 

§^ 

t^ 

18C.  The  Plilla.  A  Readia^  makes  £  or  e  =  mid  ord  of  that 
chord  whose  length.  Om,  =  1.466  V,  is  the  dlst  run  by  express 
trains  in  one  second ;  B  max  =  8  Inches.    Compare  flf  178,179. 

187.  Other  roads  use  B  =z  1  Inch  per  deg,  plus  a  ifuantity  be- 
ginning with  1  inch  for  a  1*  cury,  and  diminishing  by  %  inch  for 
each  deg. 

This  gives 

for    D  =      0       1*     2*         S*         4*         5*         6*         8*  10* 

^ins  0       2       2%       3%       4%       5^       6%       8^        10 

This  takes  account  of  the  fact  that  the  fastest  running  is  apt  to 

occur  oo  the  easiest  curvs.     See  K  184. 

For  ordinary  practice,  the  Ab&  Ry  Bas  Aaaa.  Manual,  1915, 

fl58,    recommends   superel   E    =    O.000G6  D  V*.     Compare   our   eq 
118)  f  176 ;  B  max  =  ordinarily  8  ins. 

Cross  ScctloB. 

188.  la  slagle  traek,  saperel  may  be  effected,  either 


(1) 
(2) 
(3) 


by  raising 
the  outer  rail ; 
by  lowering 
the  inner  rail ; 
by  combining 
(1)  and  (2)  ; 


inner  rail 
remains  at  grade ; 
outer  rail 
remains  at  grade ; 
center  line 
remains  at  grade ; 


car's  grav  cen 
ralsd  e/2. 
car's  grav  cen 
lowerd  e/2. 
car's  grav  cen 
maintains  elev'n. 


The   Am  Ry  Kngng  Assn,  Manual,   1915.  p  150,   recommends 
method  (1). 


-i:^ 


Plon* 


Sauf-tootk 


SUpt 


Flff.  80. 

189.  FifiT  80.     Oa  doable  track,  three  methods  are  used ; 

piaae.  Favorable  for  drainage,  and  for  placing  cross-overs  and 
railway  and  highway-grade  crossings  ; 

9a<«r-tooth.  Generally  used.  Requires  cross  drains  under  one 
of  the  tracks; 

Stept.    Permits  drainage  without  cross-drains. 
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Run-off. 

190.  Where  no  trans'n  curv  (IfH  194,  etc).  Is  used,  the  saperel 
vsaally  bcirlM  on  the  tanarent*  at  a  dist  (the  "run-off**)  from 
each  curv  point  =  from  30  to  60  ft  for  each  inch  of  superel,  the 
rate  depending  upon  the  speeds  expected ;  and  the  entire  superel  is 
usually  attaind  when  the  curv  points  are  reacht ;  but  sometimes 
from  one-third  to  half  the  superel  is  left  to  be  made  upon  the  curv 
itself. 

191.  Whatever  the  method  adopted,  it  is,  at  best,  an  undesirable 
compromise,  forced  by  the  necessity  of  passing  immediately  from  a 
tangent  to  a  circular  curv,  or  vice  versa.  On  the  tan,  the  track 
should  be  level  transversly,  and  *'run-off*'  (involving  superelevation 
on  the  tan)  is  adopted  only  as  being  (on  the  score  of  safety)  less 
objectionable  than  having  the  track  level  transversly  on  the  curv. 

192.  Some  roads  adopt  a  tkxt  lenirilit  as  120  ft,  for  run-off.  for 
all  curvs.  The  N.  Y.  Central  uses  120  ft  per  Inch  of  superel,  up  to 
£  =  3  ins,  and  360  ft  (total)  for  ^  >  3  ins.  Am  Ry  Eng  Assn 
Manual,  1915,  p  159,  recommends  a  run-off  rate  of  1  inch  in 
1.75  X  V  ft,  where  V  =  vel  in  miles/hr.  On  double  track,  some  roads 
use,  on  each  track,  a  longer  run-ofF  at  that  end  where  trains  enter 
the  curv  than  at  the  other  end. 

193.  The  run-off  is  luually  an  Inclined  plane  i  i.€.,  a  profile  of 
either  rail  is  a  straight  line,  forming,  at  each  end,  a  vertical  angle 
with  the  profile  of  the  same  rail  on  the  tan  or  on  the  curv  respec- 
tivly.  Theoretically,  without  transition  curvs,  the  run-off  profile 
should  be  a  vertical  reverse  curv,  consisting  of  two  vert  transition 
curvs,  having  infinit  radii  at  their  ends.  In  some  cases  this  Is 
approximated  in  practice. 

imANsmour  cvrts 

OR   SPIRALS 

194.  When  a  train  leavs  a  tangent  and  enters  a  circular  curv,  its 
direction  of  motion  is  suddenlv  changed.  When  it  leavs  such  a 
curv  and  passes  to  a  tangent,  it  is  suddenly  rellevd  from  the  con- 
straint imposed  upon  it  by  the  curvd  rails.  In  each  case,  it  sus- 
tains a  lateral  shock,  which  increases  the  resistances,  and  which  is 
injurious  to  track  and  to  rolling  stock  and  possibly  to  freight,  and 
disagreeable  or  dangerous  to  passengers.  Similar  effects  occur  when 
a  train  passes  directly  from  one  circular  curv  to  another  of  widely 
diff  sharpness,  or  deflecting  in  the  opp  direction.  Furthermore  (see 
n  191)  it  is  impossible  to  distribute  the  superelevation  satisfactor- 
ily where  only  a  single  circular  curv  is  used. 

195.  These  difllcultles  are  obviated  by  means  of  "transition"  or 
"easement"  curvs  or  "spirals,"  in  which  the  change,  betw  each  tan 
and  the  full  sharpness  of  curv,  or  betw  one  circular  curv  and  an- 
other, both  as  to  sharpness  and  as  to  superel,  is  made  exclusivly  In 
the  spiral  itself;  the  sharpness  of  curvature  and  the  superel  in- 
creasing gradually  from  zero,  at  beginning  of  spiral,  to  those  proper 
to  the  circular  curv,  at  end  of  the  spiral. 

19e.  The  Am  Ry  Bnar  Amu  (Manual,  1915,  p  138)  recommends 
the  use  of  spirals  on  all  curvs  requiring  a  superel  of  2  inches  or 
more  for  the  highest  permissible  speed. 

197.  Pigs  81a,  81b.  Thus,  let  the  circular  curv,  a' a/',  connect 
the  two  tans,  A  a'  and  at' At,  forming  the  line,  A  or,  Uf' At. 
This  line  may  be  superseded  by  the  line,  A  B  Bf  Af,  consisting 
of  an  initial  spiral,  A  B,  a.  central  circular  curv,  B  Bf,  and  a  final 
spiral,  BfAf.  Here  the  original  circular  curv,  a' Of',  with  its  cen- 
ter at  O',  is  shifted  inward  to  a  af,  with  center  at  O,  and  retain- 
ing its  original  radius,  R;  but  only  a  central  portion,  B  Br,  of  it  Is 
retaind  as  part  of  the  new  line. 

^    In  Fig  81a,  the  Initial  and  final  spirals  are  similar.     Where,  as 
in  Fig  81b«  this  is  not  the  case,  see  f  226. 

Digitized  by\jOOgl€ 


TBANSITION    CUKVS. 


967 


198.  In  the  ideal  transitloii  cnrr,  the  radius  diminishes  pro- 
portionally as  the  dlst  from  the  beginning  of  the  spiral,  {metuured 
along  the  spiral  itself)  increases.  On  such  a  curr,  the  superel,  at 
each  point,  is  that  proper  to  the  sharpness  at  that  point,  at  the 
contemplated  Telocity.  This  cnnr  was  described  by  Mf.  Bills  Hol- 
brook,  in  Railroad  Gazette,  1880  Dec  3,  p  639.  It  was  treated  by 
Prof.  A.  N.  Talbot,  in  Technograph  (University  of  Illinois)  No.  5, 
1890-91,  and  afterward  elaborated  by  him  in  "The  Railway  Tran- 
sition Spiral",  New  York,  Eng  News  Pub  Co,  1904.  In  "The 
Transition  Curve",  New  York,  John  Wiley  &  Sons,  1890,  Prof.  C.  L. 
Craodall  develops  accurate  methods  for  the  application  of  this  curv 
to  cases  of  large  sweep.  This  spiral  was  recommended  for  use 
by  the  Committee  on  Track  of  the  Am  Ry  Eng  &  M  W  Assn,  Bul- 
letin 73,  March  1906,  pp58  etc. 

199.  Many  forms  of  transition  curv  have  been  proposed  and 
elaborated.  Between  those  in  common  use,  the  choice  is  governd 
rather  by  facility  of  computation  and  of  location  than  bv  any  me- 
chanical differences  between  the  behaviors  of  the  several  curvs  in 
operation. 


Fls.  81«. 


The  lO-chord  Spiral 

200.  In  the  interest  of  simplification  of  the  necessary  formulas, 
the  JLmerlcan  Railway  ESnslnecrliiK  Asaoclatlon  ("Manual", 
1915,  page  132)  recommends  the  use  of  a  curv,  practically  iden- 
tical with  the  ideal  spiral  just  described.  Said  recommended  curv  is 
f^ubtended  by  ten  equal  spiral  chains  (usually  much  shorter  than 
lOO  ft),  and  is  called  "the  ten-chord  spiral".  In  this  curv,  the 
sharpness  increases  with  the  dlst  from  the  beginning  of  the  spiral, 
measured  in  100-ft  chains,  instead  of  along  the  curv  Itself,  as  in 
the  true  spiral.    See  example,  1(238.  .gitizedbyL^OOgle 
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Gcometrleal  Properties.    Bee  rules  for  field  use,  f  f  231  etc. 
SymbolM. 

201.  Ftes  Sla,  81b.    Let  the  points.  A,  B,  Bf,  Atj  etc,  of  cbangi;  be 
designated  as  follows  (AREA  "Manual",  1915,  pl35). 

(A>     T.  S.     From  tangent  to  spiral  (hitherto  called  P.  &,  Point 

of  Spiral)  ; 
{B)     S.  C     From  spiral  to  circular  ciirr; 
(fir)  C.  S.        "       circular  curv  to  spiral ; 
(Ar)   S.  T.        "       spiral  to  tangent; 

S.  S.        "       spiral  to  spiral  (from  one  spiral  to  another). 

202.  Alfabetical  lint  of  symbolfl.     In  general,  the  functions  of 
the  final  spiral  are  distlnguisht  by  the  subscript,  t. 

Figs  Symbols  Meanings 

81,  82   €  =  the  chord.  A  B,  in  ft,  from  T.  &  to  8.  C. ; 

Cn  =     "       "     ,  in  ft,  from  T.  S.  to  any  giyen  point, 
P,  on  the  spiral ; 

0  =  the  spiral  chain  used,  in  ft; 
c  =  A«.     8e«  A«  below. 

81  D  =the  sharpness  of  the  central  circular  cnrT,B  Br 

=  (practically)  the  sharpness  of  either  spiral  at 
the  point,  B  or  Br,  where  it  Joins  the  circu- 
lar curv; 
d  =s  the  sharpness  of  tbe  spiral  at  any  given  point ; 

81a B  =  tbe  external  distance  P  Vt  of  tbe  entire  curr, 

A  B  Br  Ar,  when  the  two  spirals  are  equal. 
So  defined  by  Am  Ry  Eng  Assn.     Compare 
f  n  238,  230. 
e  =  A««    S«e  A«  below. 

82, 83   F  =  the   angle   between   the   initial   tangent,   A  V, 

and  the  chord,  P*  P",  joining  any  two  given 
spiral  points; 

83 f  =  the  angle,  m  P'  P",  at  any  given  spiral  point, 

P\  betw  the  tan,  P*  m,  at  that  point,  and 
the   chord,   P'P",   to  another  given   spiral 
point,  P^; 
f  =  Ar.     See  Af  below. 
81,  82,  84,  86. .  H  =  the  dist.  A'  a,  betw  the  tan,  A  r  or  A'  Ym,  and 
tbe  parallel  tan,  av,  to  the  circular  curv, 
aB  (BBr,  produced); 
=  the  ordinate  of  the  point,  a,  of  the  circular 
curv  produced,  referd  to  the  T.  S.    (Abscissa 
=  Z)  ; 
i  =  A«.    See  Ai  below. 
k  =  the   increase   in   spiral   sharpness   per   100-ft 

chord  ; 
L  =  the  sum,  in  ft,  of  the  lengths  of  the  10  equal 
spiral  chains ; 

1  =  the  sum,  in  ft,  of  the  lengths  of  the  spiral 

chains  betw  tbe  T.  S.,  at  A,  and  any  given 

point  on  the  spiral ; 
n  =r  the  number  (1.  2,  3 10)  denoting  any  one 

of  the  10  chain   pts  on  the  spiral,  count- 
ing from  the  T.  S.  as  sero ; 
=  the  number  of  spiral  chains  betw  the  T.  S.  and 

any  given  point  on  the  spiral; 
q  =  the   number   of   100-ft   chains  betw  any  two 

given  spiral  points,  P*  and  P" ; 
81,  82,  84,  86. .  R  =  the  radius  of  tbe  central  circular  curv; 

S  =  the   number    of   lOO-ft    chains   from   T.  8.    to 

S.  C. ; 
a  =  the  number  of  lOO-ft  chains  betw  tlie  T.  S.  and 

any  given  spiral  point; 
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81,82   .. 

81.84   .. 
82 


T;Th  =  the  iDltlal  and  final  semitans,  A  V  and  V  B,  of 
the  spiral; 
U,tb  zs  the  Initial  and  final  aemltans  for  any  portion 
of  the  spiral; 
.  r,T/  =:  the  initial  and  final  semlUngenta,  A  r#,  V0Af, 

of  the  entire  curv; 
»  JL,Y  =z  the  abscissa   and   ordinate   of   the   S.  C.  (B). 
referd  to  the  T.  S.  (^)  ; 
»,y  =  the  abscissa  and  ordinate  of  any  given  spiral 
point,  referd  to  the  T.  8.  (A)  ; 


Fls.  81b. 


81,82   Z  =:  A  A'     =     abscissa    of    the    point    a,   of    the 

circular  curv  produced,  referred  to  the  T.  S. : 

(ordinate  ^  B) ; 

81,  82   A  orA<  or  i.     See  A*  below. 

81,86    ..    A«oro  =  sweep  of  central  circular  cunr,  BBf*; 
81,  84,  86.  A«  or  fl  =       *•       •«     entire  cnry,  A  B  Bf  At; 

81 A/  or  f  =       ••       *•     final  spiral,  Bf  At*  ; 

81,  82  . . .  A«  or  <  =      "       "     initial  spiral,  A  B*  ; 

83 8  =r  the  sweep  of  any  given  portion  of  the  spiral, 

begin  Dine  at  the  T.  S.,  (A)  ; 
:=  the  angle  betw  the  initial  tan,  A  V,  and  the 

tan  thru  any  given  spiral  pt ; 
See  also  next  page. 

•Where  only  the  initial  (or  the  final)  spiral  ia  under  discussion. 
It  Ifl  Qsnally  convenient  to  designate  the  sweep  as  A;  but  where 
tbe  initial  and  final  spirals  are  discust  together,  it  may  be 
necessary  to  distinguish  betw  their  respectiv  sweeps,  and  the  sub- 
scripts are  then  used,  with  or  without  the  letter,  A- 
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%  =  the  peripheral  or  "deflection**  angle,  V  A  B,  at 

the  T.  S.  (^),  betw  the  Initial  tan.  A  V,  and 

the  chord,  A  B,  of  the  spiral ; 
$  =  the  peripheral  or  "deflection"  angle  betw  the 

tan,  A  V.  at  A,  and  the  chord  from  A  to  any 

given  spiral  point; 
^  =  the   peripheral    or   ''deflection**   angle,    V  B  A, 

at   the    S.  C.  (B),    betw    the   final    tangent. 

V  B,  thru  the  S.  C.  and  the  chord,  AB,' 
^  r=  the  peripheral   or  ''deflection"   angle,  at  any 

flven   spiral  point,   betw  the  tangent   thru 
hat  point  and  the  chord  from  the  T.  8. 


L  = 

I  = 

Q  = 

a  = 
204. 

D  = 

d  = 


k     = 


See 


Skiuatlons. 
,  FlfiTB  82,  82'.    Relation*  between  !••  1,  S,  a,  e»  n  and  ^ 

100  5     =     10  c;     8     =     0.01  L;     e     =     0.1  L    =    10  8 i 

100 «  =  no;    n  =z  l/c  =z  100  »/o; 

«"  —  «'    =   0.01  c  (n"  —  »') 

0.01 1  zz  d/k  =  0.01  en  =  0.001  nL (121 ) 

.  Sbarpnesa.     D  or  d. 

k8     =1     0.01  *L     =     2  A/8     =     200A/I'     (122> 

k8     =     0.01*1     =     2d/8     =     200«/l    =    fiA/5S 

0.01  ken (123) 

Rate,  k,  of  ehanse  of  shnrpneas. 

D/8     =      100  D/L     =     d/8     =      100  d/J     =     2A/«* 

(approx)  ee/iS»   =    2  8/8*  r=  (appror)  6  ^/«« (124) 

also  eq  (133) 
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209,  Sweep.     A  ^r  0* 

A-    =    A    +    A*    +    A/    (125) 

/^      =     DB/2     =     DL/200     =     k  8*/2     =     *  LV20,000 
=     (10/«)««  =  {S/syd  =   (L/0«« 

=     (approx)1.854  V2>^ (120) 

«    =     d  «/2     =r     d  1/200     =     dV2  k     =     k  8^/2  =  k  ZV20,000 

=     (n/10)«A     =     <»/'8)»A     =      (l/LyA (127) 

Peiiplieral  or  deffleetloa  anyle*  9  or  6» 
The  angle  between  a  tangent  and  a  cbord. 
For  eqvatloaa  for  Held  use,  see  H  231. 

Value  of  deflection  ana^le,  0,  at  T.  S.»  or  besinnlns  (A)  of 
spiral,  betw  the  tan,  AV,  and  tbe  chord  joining  A  with  any  given 
spiral  point,  P,  Fig  82'. 

207.  Let  S  =  the  sweep  of  tbe  spiral  between  A  and  tbe  given 
point,  P,  Fig  82'.     Then, 

6  approx*    =    8/B   (128) 

For  tbe  true  value  of  0,  we  have,  verv  closely, 

V3  —  tf»  in  seconds,     =     0.0()207  (d  in  degrees)*. 
Thus,  let  «     =     30»;    tf  approx     =     30V3     =     W.     Then  :— 

5/3  -  *,  in  seconds,     =     0.00207    X    30« 

=     0.00297     X     27,000 
=     80.19  seconds 

or,  e    =    («/3)    -  0.00297  («•)■    =    10*   -  80.10  seconds 

=     y,000^  -  80.19"     =     35,919.81"     =     9'»58'89.81''. 
Taking  0  approx  =  5/3,  we  have : — 

^.p,r.,.  In  degrees   =   «V3    =    fc'«V6   =    d*»/8 (129) 

0  •ppr0»,   in  minutes    =     10  fc"  «»    =    10  d*  «    (130) 

Hence,  Figs  81,  82.  for  the  angle  e  =  F  A  B,  betw  the  tan,  A  V, 
and  th6  chord,  A  B,  from  A  to  the  end,  B,  of  the  spiral,  we  have : — 

e  approx.  in  minutes,    =    10k*  8*    =    lOD'flf (131) 

Valae  of  deflection  angle,  ^i,  at  the  T.  S.    (A),  betw  the  tan, 

A  V,  and  the  chord  Joining  A  with  tbe  fimt  spiral  point,  n  =  1. 

206.  Let  8i,  (=  0.01  c),  ^1  and  5i  be  the  values  of  a,  of  0  and  of 

8,  respectivly,  for  point  n  =  1,  at  the  end  of  the  first  of  tbe  ten 

spiral  chains. 

If  A  is  less  than  45*  (as  It  always  is,  in  practice),  we  have, 
from  eq  (127),  for  the  sweep,  ^i,  subtended  oy  the  first  spiral 
chain:  di  <  0.45*;  and,  from  eq  (128)  practically: — 

e^     =     «,/3     =     di»i/6     =     «i«Jfe/6    =    (0.01  c)»fc/»..  (132) 
whence 

k     =     6tfi/«i»     =     8tfi/(0.01c)»    (133) 

From  eq  (127),  we  have: — 

dx     =      (1/10)»A     =     A/100    (134) 

and 

01     =     V8     =     A/300    <135) 

From  eq  (130),  we  have: — 

tfi,  In  minutes.     =     10  fc*  (flf/10)«     =     fc*  8'/10 

=     D'' 8/10     =     D*»i    (136) 

Vsitaca  of  tbe  deflection  angles,  F  and  f,  bet^  a  tan  and 
the  cbord,  P'  P",  Joining  any  two  spiral  points.  Figs  83a  and  83&. 
Let 

Z''      =     the  angle  betw  the  initial  tan,  A  V,  and  the  chord,  P'  P"  ; 
/       =     the  angle,  at  P',  betw  tbe  tan,  P'  m,  and  the  chord  P'  P". 

•jyefsree  of  approximation.     Error  =  0.00207  (6")'. 

Wben  8  =  10*  20*         30*  40*  50* 

F^rror   =  2.97         23.8         80.2         190  371  sees 

lOOO    X    error/«  =  0.08         0.83         0.74        1.32  2.06 
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d',d'*     =     the  sharpnesses  at  P*  and  at  P",  respectirlj; 

8*  =r     the  sweep  betw  A  and  P* 

=     the  angle,  at  V\  betw  the  initial  tan,  A  V,  thru  A, 
and  the  tan,  V  m,  thru  P*; 

«',  a"     =     the  namher  of  100-ft  chains  betw  A  and  P',  and 
betw  A  and  P*,  respectlyly ; 

q  =     «^  —  »'    =    the  number  of  100-ft  chains  betw  P' 

and  i*^. 
Required,  F  and  /;     (/  =  F  —  «'.) 

210.  Fig  83a.*  From  any  spiral  point,  P',  let  a  oiromlar  eurr, 
P' c,  be  run,  with  the  sharpness,  a'  of  the  spiral  at  P\  This 
oiroular  curv  diverges  from  the  tan,  P'm.  at  P',  at  the  cofwtonf 
rate  of  d'  degrees  per  100-ft  chord ;  but  tne  spirtil,  P*  P",  diverges 
from  the  same  tan,  P'  m,  at  the  constantly  incre<uif%a  rate  of 
(d'  +  *)•  per  100-ft  chord,  where  *  =  the  increase  in  spiral  sharp- 
ness per  100-ft  chord.*  Hence,  the  spiral,  P'  P",  diverges  from  the 
droular  curv,  P*  c,  at  the  constantly  Increasing*  rate  of  h*  per 
100-ft  chord ;  but  this  *  is  also  the  rate  at  which  the  spiral,  A  P^, 
diverges  from  the  Initial  tan.  AV.tit  A.  Or  (since  any  point  in  the 
spiral  may  be  taken  as  P'\  let  P'  be  taken  at  A*  Then,  at  A,  the 
initial  tan.  A  V,  the  tan  thru  P'  (now  taken  at  Al.  and  the  circu- 
lar curv  (here  a  straight  line;  sharpness,  d',  =  0^)  coincide;  and 
we  have  (with  P'  at  Z)  :  d'  =  0 ;  and 

spiral  divergence  rate  from  the  tangent  thru  A 
=     spiral  divergence  rate  from  the  tangent  thru  P*  (taken  at  ii> 
=     spiral  divergence  rate  from  the  circular  curv  beginning  at  P' 

(taken  at  A)    =    (d'  +  *)•    =    »•. 

211.  In  a  100-ft  chords  from  P*,  the  circular  curv,  P'  o.  describes 
a  sweep  of  q  d'  degrees,  and  a  peripheral  or  "deflectton**  angle  = 
half  qa*;  or 

mP'c     =     q  d72 (187) 


Fl«.  83a. 

212.  In  the  same  disUnce,  q,  the  spiral  increases  its  sharpness, 
over  that  of  the  circular  curv,  P*  c,  by  g  ** ;  1t»  tn^an  sharpness- 
Increase  Is  q  *'/2 ;  and  its  sweep-Increase,  over  that  of  the  circular 

*In  Fig  83b^  the  spiral  sharpness  Increase  rate,  fc,  Is  negt^tiv; 
I.  e.«  the  sharpness  deoreases  from  P'  toward  P**,  and  the  spiral 
diverges  from  the  circular  curv  at  a  decreasing  rate  of  (d'  —  k)  • 
per  100-ft  chord.     Also,  in  Fig  83&>  if  P'  be  taken  at  A,  then  P* 

also  is  at  A.  *      r^r^i^\r> 
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COPT,  Is  q  iqk^/2)  =  g«ik*/2;  but  the  divergence,  eP*  P",  of  the 
mini  chord,  P'  P*,  from  the  circular  curv  chord,  P*  o,  is  only  one- 
third  of  q*h^/2  (see  eq  128)  ;  or 

cP'P"     =     ff«*/6 (138) 

21S.  Now 

/    =     Jf    -    «'     =     mP'P^     =     mP'e   +    cP'P" 

=     ffd72    +    ff*»/« 
Bq  (137)     Bq  (188) 

=    —     (2d'    +    <f'    +    qk)    (13») 

6 

=     —     (2d'    +    d")   (140) 

6 

and 

F     =     «* -f  ffd72  +  ff«»/6     =     d'  +  i- (2cl' +  d")  ..(141) 

6 

_A YL^ ^ 

P" 

e  _ 

r 

\ 
\ 

\ 

f 


FiHT.   S3I». 


^alae  of  f  In  term*  of  Bi. 

214.  Let  m  =  f/dx.    From  eq  (140)  and  eq  (132)  we  have: 
/      __  2  (f '  -f.  <!• 


or  /     =     tn$i     =     tfig 


di»i 
2  d'  +  d" 
di«i 


. (142) 
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215.  ThuB,  let  0  =  20  ft ;     fc  =  2». 

Then.   »i    =    0.01c   =    0.2,   and    di    =    Sik    =    0.4*;     di«i   = 
»i«  k  =  0.08  ;    $1  =  di  »i  /6  =  0.0133. . . .  ;     and,  for  instance  : 


Sighting 

Q  = 
0.01  0  X 

d'  = 
0.01  ken' 

d-  = 
0.01*0*1" 

m  =  f/0^  = 
2  d'  +  d" 

f  = 

from 
sta 

to 

sta 

5 

8 

8 
5 

0.6 
-0.6 

2.0 
3.2 

3.2 
2.0 

54 
-63 

0.72 

—  0.84 

For  $1,  see  eq  (132). 

216.  For  values  of  the  coeff,  m  =  f/$i,  to  be  used  in  obtaining 
the  Reflection  angle,  f,  for  locating  any  spiral  point,  P^,  from  anj 
Inst  point,  P*,  see  Table,  H  233. 

Values  of  the  deflection  ansles  Fa  and  ta  betw  a  tan  and  the 
chord  P'  P"  (  =  1  spiral  chain)  Joining  two  cidfacent  spiral  chain 
points. 

217.  Figs  83.  Let  the  points,  P'  and  P",  be  now  two  adjacent 
spiral  chain  points,  n  and  n  4-  1.  Then,  from  eqs  (140)  and  (123), 
we  have  (since  now  q  =  S/IO)  : — 

3fi-f  1 

A  ....(148) 


S       2n  -f  n+  1 

U     =     —  X A     = 

60  5flf 


800 


A (144) 


and,  from  eq  (127),  we  have: — 

«»  3n« 

«'    =    A    =    

100  300 

Hence : — 

8  n»  +  8  n  +  1 

Fa  (=  fa  +  «')    =   -— A 

300 

Let  ma  =  3«»  +  3n4-l  =  300  Fa/ A-  Then  for  the  nine  points, 
from  n  =  0  to  n  =  9,  sighting  from  nton  +  l,  or  vice  versa,  w* 
have,  respectivly : — 


(145) 


n           = 

"6 

1 

T- 

T- 

— r- 

n  +  1  = 

1 

2 

3 

4 

5 

800 

m«  =r  Fa  = 

A 

1 

7 

19 

37 

61 

nki/300  =  Fa/A  = 

0.0033 

O0233  0.0633  0.1233  0.2033 

n           = 

5 

6 

7 

8 

9 

n  +  1  = 

6 

7 

8 

9 

10 

300 

ma    =    Pa    = 

A 

01 

127 

169 

217 

271.. 

. (146) 

m./300  =  F-/A  = 

0.3033 

04233  0.5633  0.7233  0.9033 

from  which,  and  from  Fa  =  A»  the  several  values  of  F«,  for 

300 
the  10  chain  points,  are  easily  found,  for  any  given  value  of  A- 

218.  Thus,  at  station  n  =  7,  sighting  to  station  ft  +  1  =r  8.  the 
angle,  Fa,  betw  the  sight,  7-8,  and  the  Initial  tan,  AV,  Ib 

169 


Fa     = 


300 


A     = 


300 


•A     = 


(0.5633....)  A. 
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219.  Fisfl  81.  82.  Value  of  deflcetloa  anslc,  %  ,  tit  A,  betw 
the  tan  A  V  and  the  chord  A  B.  Let  the  successiv  values  of  Fa, 
thus  found,  be 

AAA 

Fi  =  ;       F,  =  7  ;     F,  =   19  ;  etc; 

300  300  300 

and  let  Wx,  ^2,  ^i,  etc,  Vi,  Vt,  Vt,  etc,  be  th«  co-ordinates  for  the  points, 
«  z=  1  n  =  2.  «  =  3 ,  . .  .n  =  10  (point  B).  Let  L  =  the  sum  of 
the  spiral  chains,  in  ft;  c  =  L/10. 

Then 
*i  =  c  cos  Fx ;  1/1  =  0  sin  Ft 

9t  =  c  (COS  Fi  +  COS  F,)  ;  j/s  =  c  (sin  Fi -f  sin  Ft)   ..(147) 

etc.  etc. 

r       sin  Fi  -h  sin  Ft  -f    . . .  sin  Fw 

Tan  %  =tanFAB  =  — -  = . .  ( 148) 

X        cos  Fi  -f-  cos  F,  -f    ...  cos  Fjo 

Prom  values  of  functions  of   d,  thus  found,  the  value  is  derived : 
seconds  =  0.002  97   (A  in  degrees)* 

or,  e     =     A/3  -    [0.002  97  (AM"]   seconds   (149) 

Valve  of  the  deileetlon  ansle,  4>,  at  the  S.C.    (B). 
betw  the  tan  Y  B  and  the  chord  A  B. 


(f  -  •)■" 


FIk.  82'.  (Repeated.) 
22<K  Figs  81,  82.     Necessarily,  A     =     »     -f-     * ;  or 


(0.002  97  (A  In  degrees)*  seconds*)     . 


*  =  A  -  »  =  A 
Hence : — 

♦  =  -  A  +  (0.002  97  (A  In  degrees)*  seconds*  ) (150) 

Practically*  :—     ♦  =  2  A/3  =  2  ©   (151) 

Similarly,    Fig    82',    In    nny    portion,    A  P.    of    the    spiral    curv, 

A  P B,     said     portion     bcglnulDg     at     the    T.S.     (A),     we     have, 

practically  : — 

«     =    tf  4-  0  ; 
e    =    b/z  \ 

0     =     2fi/3     =      2  0    (151') 

221.  Relations  between  H,  L  and  Z.     Fig  82. 

L»  L'  D 

H     =     approx  =:     —  .  =     0.0727  S»D    ..(152) 

24  R  24       5730 

L     =      S24R  H     =      4.9<R1{     =     4.9V573ir^/Zr 

=     37lViy//)    (153) 

A     =  0.005  D  L  (eq  126)      =     0.005  D:\'\^H/D  (eq  153)  ;  or 
A      =      1.854 \  D  /y    .- (154) 

*See    *note,    p  971.  *  Digitized  by\jOOglC 
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222.  Approximate  blMcctions  at  M.    Fig  82.    Practically 

L/2  z=  AM  —  MB  —  AA'  =  Z  —  cB       (155) 

A'M  =z  Ma  =  H/2 (156) 

or,  practically.  A'  a  bisects,  and  is  bisected  by,  the  spiral,  A  B,  at 
M> 

More  accurately   (ABBA  Bulletin  73,  1006,  p  67)  : — 

Z(= AA'  )    = = ( )      (157) 

2  \  2  /  1280  J2«         1280X5730/ 

223.  Offset*. 

y  =-  =  (158) 

6BL  34,880  L 

MultlplyiDg  by  4  L«/4  lA:—       y  =  ;  and,  (eq  152) 

y  =  4  H(l/Ly (159) 

224.  Other  relatlona.     Fig  82. 

C    =  VZ»  +   r»  =  J  sec  e    (160) 

C    =  approx  L  [cos  0.3  A  +  0.004  exsec(3  A/4)  3   (161 ) 

Z    =  Ccose;  Y=Csin©      (162) 

Ta  =  Osin4'/sInA  ;         Tt  =  C  ain  e  /sin A  =  T/slnA (163) 

fa    =  Cn  sin0/8in  d;    U  z=:  Cn  sln^/sin  6  (1(M) 

Z    =  X  —  B  sinA  ; (165) 

H    =  7  —  R  versA  ; (166) 

225.  Fls:  81a.  When  the  two  uplralii,  A  B  and  Af  Br,  are  e««al 
and  iiliiillar»  we  have : — 

r  =  o  t?  +  D  F.  +  A  A'  =  (R  -h  H)  tan(A»/2)  +15; (167) 

External  distance,  £?  =  P  Fe  =   (B  +  H)  exsec(A»/2)  -^  H  . .  (168) 

226.  When,  as  in  Fig  81b.  the  two  spirals,  A  B  and  Af  Bf,  are 
dissimilar t  let  a' a  (equal  and  parallel  to  P' P,  V^v,  af' at  and 
0'  O)  be  the  dlst  thru  which  the  original  circular  curr,  a'  af'.  Is 
shifted  to  aat;  and  let  a  =  the  angle  A' a  a*;  af  =  the  angle 
Af'  af  af\ 

Then,   given   the  shift,   =   a'  a,  and  the   angles,   a  and  Of,  we 
have : — 
H  =  Co  cos  a;  Ht  —  at' at  cos  at      =  a' a  cos  a/,  and 

JT//jr  =  cos  a//cos  a ( 169) 

A' a'    I        DFA  ^F,         VD  • 

Given  H  and  A«»  we  have : (  =  I     = : 

or 

Ilf 

tan  a  = cot  A»*  ; (170) 

H  sinA« 

ar  =  A»  —  a; • .(171» 

We  have,  also; 
T  {=  AV'e)   =  AA'  ±  av  +  DN^  ±  NV, 

=z  Z  -^  Btan(A«/2)  +  ffcotA*  +  Jlr  cosecA*  •  (172 ) 
A  similar  equation  gives  the  value  of  the  other  semi  tan,  Tf  = 

Af  Ve.  

Z  =  practically  L/2  =  2.45  Vb  H  (see  eq  153)     CITS) 

•When,   as  in   Figs   81,   A»  >  OO*  <  180%   XD   and   cot  A«   are 


neoativ, 

tw 


hen  A«  <  90',  D  H  and  Df  Hf  are  negativ. 
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tar.  Fig  82.  The  selection  of  the  length,  L,  of  the  spiral  maT  be 
restricted  by  the  -valac  of  H»  as  determind  by  topographicaJ  or 
other  conditions.     We  then  have  (eq  153),  for  lengtn  of  spiral: — 

L  =      VTAWWJ 
where  R  =  radius  of  circular  cnrv. 


^^tl 


FlS-  88^. 


28.  Fig.  88%.  Where  the  choice  of  spiral  Is  not  thus  restricted, 
length,  L,  is  determind  by  tbe  snperelevatlo 


the  length,  L,  is  determind  by  tbe  saperelevatlon,  e,  in  ft   (or 

E  In  Inches)  on  the  circular  curv,  and  by  the  rate,  r.  of  run-off  in 
ft  of  Une  per  ft  of  e  (Vf  190^193)  ;  thus  (eq  117)  :— 


L  ^  tr  —  0.8273  F* r/R  =  0.1522  «« r/R  rr  0.1622  v*i/R (174) 

where  t  =  r/v  =  time,  In  seconds,  during  which  the  outer  wheel, 
on  the  runoff,  would  rise  1  foot. 

The  Am   Ry  Bng  Assn  rule,  eqs    (175),  gives  t    <  5  45   when 
F  =  45  miles/hr,  and  superel  =  8  ins  =  2/3  ft. 

2211.  Tbe  Am  Ry  Bagr  Aasn  (Manual,  1015,  pp  131-132)  recom- 
mends : — 
On  curvs  which  do  not  limit  the  speeds  of  trains : — 

L  <  360  fti;       or      L  <  SVuCu (175) 

On  curvs  which  limit  the  speeds  of  trains : — 

When  D  <  6*.  L  <  16  Fa/  3  ;         when  D  <Q*,  L  <  240. . .  (176) 
where 

L    =:  spiral  length,  in  ft; 

Vm  =  ultimate  speed,  in  mlles/hr ;    c«  =r  superel,  in  ft,  for  Vu ; 

Fg  =  speed  in  miles/hr  calculated  for  an  elevation  of  8  ins. 


-4- 


SK 

(see  eqllS). 


3.928 

With  V  =  45 miles/hr,  and  superel,  E,  =  Sins,  or  e  =:  2/3 ft, 
each  of  these  rules  gives  L  <  240  feet. 

230.  In  practice,  and  in  order  to  arold  the  use  of  sub-chains  in 
the  spiral,  a  length  deviating  somewhat  from  the  calculated  length, 
Lf,  of  spiral,  may  be  used. 

For  Instance,  with  H  =  0.6  ft,  circular  curv  5*  (R  =  1146.3  ft), 
we   have  (eq  153)  :—  L  =     "^  2i  R  H  =  513.9  ft. 

With  V  =  50m/h,  on  a  6"  curv  (R  =  955.4  ft),  rate,  r,  of 
run-off  =  600,  we  have  (eq  174)  : — 

L   =   r  0.3273  rv/?   =    513.9ft 

In  either  case,  we  may  use  500  ft  (10  chains  of  60  ft)  or  510  ft 
(lO  chains  of  51  ft)  or  525  ft  (10  chains  of  52.5  ft),  etc. 

lioeatlon. 

Condensed  results,  for  field  vse. 
By  deflection  ansiea. 

231*  The  spiral  may  be  conveniently  located  by  turning  off  "de- 
lection**  angles  from  a  tan,  as  in  locating  a  circular  curv :  but.  In 
hus  locating  a  spiral,  the  successiv  Increments,  in  the  total  deflec- 
ion  angrle  turnd  off  from  the  tnn  nt  a  given  Inst  point,  increase 
of?nlarly.  Instead  of  being  constant  as  in  the  cag^it^§^i®lj)^(5urv- 
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282.  The  derivation  of  the  equations  for  such  angles  is  given  In 
UK  207  to  220.  The  following  (for  field  use)  gives  the  deflection 
necessary  for  locating  any  given  point,  in  any  given  10-chord  spiral, 
when  the  inst  is  at  any  other  point  in  the  spiral.    Thas: — 

233.  The  spiral  chain  length,  c  (spiral  length,  L  =  10  c)  and  the 
increase,  k,  of  sharpness  per  100- ft  chord,  completely  define  the 
spiral.     See  Example  below. 

Given  o  and  k,  required  tbe  deflection  wkngle^  <•  B'lgs  83ii,  83b« 
necessary  for  laying  off  any  given  point,  P**,  from  the  tan»  P*  m,  at 
any  given  inst  point,  P\ 

o  =r  the  given  spiral  chain  length,  in  feet ; 

k  =  the  given  Increase  of  sharpness,  d,  per  100-ft  chord.  In  degrees  : 

fi.  =  the  number  of  spiral  chains  betw  the  T.S.  {A)  and  any  given 

spiral  point ; 
$j,8',8'*  (=  0.01  en)    =     the  number  of  100-ft  chords  betw  the 

T.8.  (A)  and  points  ••  =  1,  P*  and  P", 

respectlvlv ; 
dijd^d"   (=  k8i,k8',k8^,  respectlvly) 

=  the  spiral  sharpness  at  points  n  =  1,  P'  and  P*  respectlTly ; 
g  =  »"  —  «'  =  the  number  of  100-ft  chords  betw  P*  and  P*/ 

{r  the  chord 
the  Initial  ^  (  =  1  spiral  chain,  c) 

talent,      >  at  A,  to  -{  from  J.  to  the^ 


first  spiral  point, 
I,  where  n  =  1 ; 


fthe 
f  =  reqd  defin  from  -{  tangent, 

LP* 


J         ^    fat  anT  given  ^ 
igent,  >  <  spiral  point,  >  to 


fchord.  P'  P*, 
from  P*  to 


<  any  other 


point. 


=   f/di  —  a  coefficient. 

Prom  eq  (132)  we  have 


From  eq  (142) 

m  (  =  f/6y)  =  q 


we  have 

2  d'  +  d' 


$t  =   (0.01o)»ft/6 


di«i 


and  f  =  m$x. 


The  following  table  gives  values  of  m  (  =  f/6i)  when  slgfatinK 
from  any  given  spiral  point.  P*,  forward  (Fig  83a)  or  bacKward 
(Fig  836)  to  any  other  spiral  point,  P". 

Value*  of  m  (  =  f/$i)  for  deflection  angles  from  tans  to  chain 
points.     Figs  83a,  836. 


Inst 
point 

Number,  n 

r   <>' 

required  point,  P 

" 

T.a 

A 
0 

1 

2 

3 

4   5   6 

7 

8 

9 

S.C. 
B 

10 

m 

m 

m 

m 

tn     m     m 

m 

m 

m 

m 

0  A   {T8) 

0 

1 

4 

0 

16  25  36 

49 

64 

81 

100 

1 
2 
3 

2 

8 

18 

0 

6 

14 

4 
0 
8 

10 
7 
0 

18  28  40 
16  27  40 
10  22  36 

54 
55 
52 

70 
72 
70 

88 
01 
90 

1^2 
112 

4 

1 

32 
50 
72 

27 
44 
65 

20 
36 
56 

11 
26 
45 

0  13  28 
14   0  16 
32  17   0 

45 
34 
19 

64 
54 
40 

63 

108 

100 

88 

7 
8 
9 

98 
128 
162 

90 
119 
162 

80 
108 
140 

68 

95 

126 

64  38  20 

80  63  44 

110  92  72 

0 
23 
60 

22 

0 

26 

46 

25 

0 

72 
02 
28 

10  B    (8C) 

200 

189 

176 

161 

144  125  104 

81 

56 

29 

0 
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pie.      Oiven 

=      spiral  chain  length,  =  20  ft; 

=      increase  of  spiral  sharpness,  d,  per  lOO^ft  chord,  =  8*. 

)    luength,  L,  of  spiral,  A  B,  in  ft,  measured  along  spiral 
chains,  =  10  c  =  10  X  20  =  200  ft ; 
Nunaber,  8,  of  100-ft  chords  In  L.  =  approx  0.01  L  =  2 ; 
;)    Sharpness,  D,  of  spiral  at  the  S.C.  (B),  =  approz  kS  = 

3^X  2  =  6»; 
)    Sweep,  A,  of  spiral.  AB,=:  approx  D8/2  =  6'  X  1  =  6*  ; 
))    Defl  angle,    «  =  V  A  B,  =  app  A/3  =  app  2*  ; 
Defl  angle,  ♦  =  V  B  A,  =  app  2A/3  =  app  4*. 
itred   the  deffleetlon  ansle,  f,  from  the  tangent,  P'fih  at 
at  P'  to  another  spiral  point,  P". 
eq   (132) 

=      (0.01c)«*/6     =     0.04   X    378     =     0.02'; 
om  table  above),  Fig 83a.  sighting  from 

P\    (n  =  5)  to  ?^   (»  =  8),  »  =  64. 
e,  in  this  case, 

f    (=»itfj)     =    54    X   0.02*     =     1.08V 
n.  Fig  832»,  sighting  from  P\  (n  =  8)  to  P\  (n  =  0),  we  have 

Valves  of  m  etc.  In  special  eases.    Figs  82,  83. 

When  the  inst  point,  P\  is  at  the  T.S.  (A)  or  point  a  =:  0 
ine  of  Uble  f  238). 

I  82,  83a.  When  sighting  (forward)  from  A  to  any  other 
point,  P",  of  number  n,  eq  (142)  becomes 

2  d'  -I-  d"  * «"  8" 

q =    0.01  0  P =    n ss  a«  ; 

di  «x  0.01  k  c .  0.01  c  0.01  0 

•  i$  for  point  P^)  =  mBt  =s  n»^. 

ice,  when  P"  is  at  the  S.C.  (B,  or  n  =  10),  we  have  m  {  =  n^) 

0,  and   e    (  =  r AiT)  =  100  dt  =  approx  A/3.» 

Fig 835.   When  the  point,  P^  sighted  (backward),  is  at  the 
(A)  or  point  n  =  0  (Column  headed  T.S.). 
len  sighting  from  any  other  point,  P',  of  number  n,  to  A,  we 

approx,  eq  (151'),  4>  =:  2d. 

nee,  when  the  inst  point,  P',  is  at  the  S.C.  (B,  or  n  =r  10),  we 

2 

♦  (  =  FB  A)  =  200  tfx  =  approx  2  e  =  —  A-^ 

8 
r  offsets  from  tke  Initial  tangent,  A  V. 
15.  Fig  82.    The  offsets,  x  and  y  (eqs  147,  158,  159)  te  each 
he  pofntB  in  the  entire  spiral  A  B,  may  be  measured  from  the 
al  tan,  A  V. 

r,  make  the  offset.  A'  M,  for  the  middle  point,  Jf,  of  the  spiral, 
L'a/2  =  H/2  (11222),  and  the  remaining  offsets  proportional  to 
cubes  of  their  dists  from  A  and  from  B  respectivly,  measuring 

offsets  for  the  first  half  of  the  spiral-  inward  at  right  angles 
n  the  tan  1  F,  and  the  remainder  radially  outward  from  the 
ular  curv,  aB, 

I7  offsets  from  Ions  chord,  A  B.  (B.  &  M.  Lovelace,  (^n* 
an  See  Q\y  Engrs.     Reprinted  in  Engng  &  Contractg,  1014  Mar 

SSO.  Fig  82.    Let 
h     =    the  normal  offset  from  the  long  chord  to  any  given 

point  in  the  spiral ; 
H    =    dist  betw  parallel  tans,  A  Y  and  a  vj 
n     =:    number  of  spiral  chains  betw  the  T.  S.   (A)   and  the 

given  point ; 
N    =:    number  of  spiral  chains  in  the  spiral. 

•See  foot-note  •.  p971.  Digitized  by\jOOgl€ 
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Then,  In  any  uplrals 


—     =     4n- 
B 


.(1T7) 


This  equation,  derived  for  the  lemniscate,  is  closely  approz  for 
the  AREA  10-chord  spiral, 

In  the  10-cbord  iipiral,  N    =    10 ;  so  that 

h  100 -n> 

—     =     4n  =     0.4 »  — 0.004  n»     (178) 

H  1000 

Hence  we  have : 
When 

n=01         2  3  4  5  6  7  8  9  10 

h/H  =  0  0.396  0.768  1.092  1.344  1.500  1.536  1.428  1.152  0.684     0 
h  ia  a  max  (=  1.54  H)  when  n  =  A/VS  =  10/1.7321  =  5.77. 


FIs.  84. 


Fia:.  85. 


Insertion  of  spirals  In  ezlstlns  track. 

See  also  H  169. 

237.  (a)    Figs  81,  84,  85.    Original  circular  curv.  a'  ar\  shifted 
without  cbanse  of  radios,  thru  a  given  dist,  a'  a,   (equal  and 

parallel  to  Fa  v  and  to  a/'  at)  to  a  new  position,  a  at.  • 

Required  the  semitangents,  T  and  Tf,  to  the  entire  curv,  ABBtXt, 
Fig  81. 

(1)  Figs  81a,  84.     The  two  spirals  similar.     Shift,  a' a,  parallel 
to  common  bisector  O  v,  of  a'  ar  and  of  aar; 

Tf  =  T;  Hf  =  H.     R  ^  rad  of  circular  curv. 

Here  IT   =   ffr   =   a' a  cos(A«/2) (179) 

T    =z    Tf    =    (/e  +  H)  tan(Ae/2)  +  Z JlSO) 

From  eqs  (153  and  157),  we  have 

L  U  V2ARH  

25     = =     practically =  2.45  VR  H. 

2  1280  R*  2 

(2)  Figs   816.   85,        The   two  spirals   dissimilar.         Shift    Co 
(equal  and  parallel  to  Te  v  and  to  ar^  Of),  not  parallel  with  bisector, 

Tf  and  T  unequal.     Hf  and  B  unequal. 
For  T  and  Tf,  see  eq  (172). 
For  H  and  Hf,  see  eq  (169). 
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[1>>    Fig:   86.     Rctalnlns  the  oriirflnal  middle  point,  P', 

rtenin]?  the  radius  from  R'  to  R.    The  line  Is  changed  from 
to    A  B  r^.      Having  determlnd    (  Ktl  227  &c)    the  length,  L, 

1.  ^  U  ^  ; 

24 /e 


Fig.  86a 


Fis.  se. 


and 


=     entire  sweep,  =  2  arc  a  P'  =  2  angle  aOP' ; 
:  (Flsr  86a)  =  max  shift  of  center  line  of  track ; 

lift  of  point  a'  of  circular  corv,  toward  intersection, 


lius. 

Semi  tan. 

Ext  dist. 

Sharpness,                      « 

zO'a' 
=  0a 

av 

E'  =  P'  7# 
E  =P'v 

D'         of   existing   circalar 

curv,  a'  P'; 
D         of  sharpend  circular 

curv,  oP'. 

hen: 
B     = 


R     = 


D     = 


B'  —  Vet;     =     B'  —  n  sec  (A«-/2)  ; 
E 


ex  sec  (  ^  A«) 

Eotl*  curv,  of  given  sweep,  A* 
_ 


A'    =     («'  -  ii  -  H)  tan(AV2) 
=    a'Fe  -  (iJ  -f  H)  tan(A«/2) 


.(181) 
.(182) 

.(183) 
.(184) 


Practically  (Fig  86a).  A"  M  = ( )     D   (185) 

2  8    \  100  / 

239.    (e)    rig  86.    IVltli  mlnlmvm   shift  of  line.    Shift   the 
Iddle  point  P^  to  P,  making  P*  P  =z  H/2.     Then  : 

JB    =     E'  -  H  sec(A-/2)  -  H/2 , (186) 

Use  this  new  value  of  E  in  Eqs  (182)  and  (18Pt)^edby\jOOgle 
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SIGNALING. 

GBNIQRAI.. 

1.  Tbe  object  of  railroad  Bignaling  is  to  facilitate  train  more- 
ments,  and  to  gard  against  coIUslonB;  by  giving  to  tbe  engiiiMer 
information  regarding  the  track,  or  necessary  instmctiona  aa  to 
his  proceeding  or  stopping.  The  term  "signaling"  is  extended  to 
inclade  switch  settings,  for  running  trains  onto  different  tracks,  as 
necessary. 

2.  The  subject  is  here  treated  somewhat  at  length,  as  it  and 
railroad  location  are  considerably  inter-related,  especially  where 
traffic  may  be  heavy.  Certain  departures  have  been  made  from  cus- 
tomary nomenclature  and  treatment  of  the  subject,  for  tbe  purpose 
of  abbreviating  the  article,  and  making  it  more  redily  anaerstood 
by  those  not  conversant  with  signal  practice. 

3.  Tbe  prinelpnl  dlvlaloiui  of  the  subject  may  be  taken  aa; — 
(a)    Manipulation;  (&)    Transmission  (mechanism);  (c)    Stenala 

(a)  Manipulation  is  the  operation  (either  manual,  electric 
or  pneumatic)  of  the  levers  or  other  devices,  which,  thru  tbe 
"transmission"   (b),  operates  the  signals  (c). 

(b)  TransmiMion  is  the  means  (such  as  rods,  pipes,  wlxes, 
etc)  by  which  the  manipulation  (a)  operates  the  signala  (e).  Tbe 
means  may  be  either  mechanical,  electric  or  pneumatic 

(0)  The  signal  is  the  device  which  the  englnman  obseirs* 
and  from  which  he  directly  receivs  his  instructions  or  information. 
The  sig  may  be  either  visible  (semafora,  discs  or  lights),  or  audi- 
ble (bells,  whistles,  etc).  Under  "signar*  mav  be  included  also 
the  Automatic  Stop,  1|  64,  which  stops  the  train  if  the  englnman 
fails  to  heed  a  stop  slg.  These  three  divlsiona  are  here  taben  up 
in  reverse  order,  with  a  division  on  "Systems"  inserted  between 
"Transmission"  and  "Manipulation". 


Fig.  1       Fig.  2 

Stop      Qo  Ahead 


Fig.  4 

Train 
Parted 

SIGNALS 


Fig.  3 

Back 


Fitf.6     Fig.  6 

Apply       Release 
Brakes      Brake* 


4.  Hand  Slamals  are  often  intensified  by  day  by  the  use  of  a 
flag,  and  at  night  are  shown  by  lanterns.  Six  of  the  principal 
hand  sigs  are  shown  In  Figs  1~  to  6.  A  motion  across  the  track 
with  any  color  or  object  means  "Stop."  While  col(Mrd  flags  or 
lanterns  are  employd  where  practicable,  yet  the  colors  are  not 
essential. 

5.  Fusees  are  used,  in  general,  by  night  and  in  fogs;  and  some- 
times by  day,  their  smoke  then  servUig  as  a  signaL  They  are  fire- 
works, known  as  "colord  fire",  with  a  pointed  end  to  be  stuck  Into 
the  ground  or  into  a  tie.  When  lighted,  they  give  a  bright  con- 
tinuous flare  (five  or  ten  minutes)  ;  regardless  of  wind  or  rain. 
They  indicate,  to  a  followlnsr  train,  that  a  train  ahead  has  past 
the  spot  only  a  few  minutes  Before.  They  may  be  thrown  (allgbt) 
to  the  track,  from  a  moving  train. 

6.  Torpedcies  ar^  small  exploelv  caps,  to  be  placed  on  tbe  bead 
of  the  right-hand  rail,  behind  a  train  to  be  protected.  Tbe  torpedo 
is  exploded  by  the  wheels  of  the  first  following  train,  producing 
a  noise  which   the   englnman   is  almost  «n^tizlfty  fe^OQ  f^^   •re 
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much  used  during  fogs,  snow,  storms,  etc,  when  Tisibie  signals  can- 
not well  be  seen.  They  are  largely  used  also  as  an  auxiliary  to 
back-flagging,  to  protect  the  train  ahed  while  the  flagman  is  re- 
turning to  it,  or  in  case  the  following  englnman  fails  to  see  him. 

FIzt  Stsaals. 

7.  DUe  signals  give  their  Indications,  by  day  as  well  as  bT 
night,  solely  by  means  of  color,  and  not  by  form  or  position.  Bach 
disk  sig  is  usually  enclosed  in  a  case,  shaped  like  a  banjo  (whence 
the  name,  *'banJo'*  signal)  and  provided  with  a  glass  face.  For 
day  use,  the  slg  proper  consists  essentially  of  an  opaque  colord 
disc  If  this  disc  is  seen  thru  the  glass  face,  it  indicates  "stop" 
when  red,  or  "caution"*  when  green.  To  indicate  •"proceed**,  the 
disc  is  swung  to  one  side,  leaving  a  white  background  showing 
thru  the  glass  face.  For  night  use,  a  colord  glass  disc  indicatett 
"stop**  or  "caution**  bv  appearing  in  front  of  a  Tamp ;  or  "proceed" 
by  being  withdrawn,  leaving  the  lamp  to  show  thru  a  clear  glass. 

8.  SeBft«f«rs.  Signals  are  usually  of  the  semafor  type,  see  Figs 
7  to  12,  incl,  each  consisting  of  a  movable  arm  or  "board**,  about 
4'  long  and  10"  wide,  pivoted  and  mounted  on  a  post  or  other 
suitable  object 

••  H«Bfte  SlffBal.  A  home  slg  is  one  at  which  the  train  must 
stop  when  the  slg  is  set  for  "stop**.  It  is  placed  usually  at  the 
entrance  to  a  block,  or  immediately  before  reaching  n  switch,  de- 
rail, crossing,  drawbridge,  or  other  object  to  be  garded.  When 
horizontal,  such  a  sig  indicates  "stop",  and  by  night  the  hor  posi- 
tion la  indicated  by  a  red  glass,  which  appears  in  front  of  a  lan- 
tern, thus  showing  a  red  light  for  stop.  When  inclined,  the  slg 
indicates  "proceecT*,  and  shows,  by  night,  a  light  of  some  color 
other  than  red.     See  also  "Signal  aspects**,  V  H  17,  32  and  33. 

la  DlMtant  SlernaL  A  "Distant**  or  "caution***  slg,  when  pro- 
vided, is  placed  at  some  distance  (usually  several  thousand  ft)  "to 
the  rear  of*  (before  reaching)  the  "home**  sig  it  relates  to,  and 
indicates  the  position  of  the  home  sig,  which  may  be  out  of  sight. 
It  thus  givs  the  enginman  advance  information  regarding  the  home 
sig,  and  makes  possible  faster  or  safer  running.  The  indications 
of  the  home  and  dist  f^igs  always  simultaneously  correspond,  un- 
less a  train  is  on  the  track  between  the  two,  in  which  case  the 
dist  slg  shows  "caution"*  altbo  the  home  slg  may  be  at  "proceed**. 


4=11 


Stop 


Prwmd  \\pn>c««f 


ai  << 


Flff.  7. 


Flgr.  8. 


Flff. 


11.  DiMpoMitlon  of  si£s.  The  home  slg  and  the  dist  slg  for 
the  block  ahed,  are  usually  mounted  on  the  same  post,  as  in  Figs 
7,  8  and  0 ;  the  upper  one  being  the  home,  and  the  lower  tbe  dist 
8lg. 

*  "Caution**  is  a  terra  here  used  somewhat  loosely,  tho  conven- 
iently, to  denote  Its  usual  or  approx  meaning ;  "proceed  prepared  to 
«op  nt  next  signal".  ^,^,,^^^ .,L.OOgle 
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12,  When  two  or  more  home  sigs,  Fig  16,  are  mounted  on 
the  same  post,  the  upper  one  (when  cleard)  permits  relatlvly  high 
speed  movements,  or  movements  over  straight  track.  The  lower 
sig  governs  slower  movements,  or  those  bound  for  side  tracks. 

18«  Dwarf  alsnals  are  small  semafor  slgs,  about  0''  long  and  3* 
wide.  They  are  usually  placed  near  the  ground,  and  apply  to 
trains  traveling  counter  to  the  normal  direction  of  traffic. 

14.  Pot  alarnnlfi  are  made  up  of  lights  and  discs,  etc,  facing  in 
different  directions,  and  so  mounted  as  to  be  revolvd  about  a  vert 
They  are  used  chiefly  in  connection  with  switches. 


PIff.  11. 

r  =  Yellow, 


Fie.  12. 

O  =  Green. 


15.  Three-poBltlon  KlKnals,  Figs  10,  11  and  12.  A  three-pos 
sig  combines,  in  one  semafor,  the  functions  of  oue  home  and  one 
dlst  sig. 

16.  Two-llffht  sIflrnalM  are  those  (usually  three-position)  in 
which  a  second  or  dummy  light,  or  "marker",  (or  light  and  sema- 
for) is  below  the  activ  sig.  This  marker  shows  red,  (or  "stop*'), 
but  its  indication  is  over-ruled  when  the  activ  sig  shows  other- 
wise. The  advantages  are  that,  being  colord,  the  marker  assists 
at  night  in  locating  and  identifying  the  activ  sig,  and  reduces  the 
chance  of  failure  to  notice  the  sig  proper  in  case  either  light  has 
been  extinguisht. 

17.  Indications  or  aspects  of  signals.  See  also  f  V  32  and  33. 
Altho  there  are  many  variations  in  practice,  the  positions  and 
colors  indicated  in  Figs  10,  11  and  12  are  largely  adopted.  The 
day  aspects  are  those  of  position  of  semafor,  and  the  color  of  the 
semafor  is  then  non-essential,  altho  usually  red  or  ye^ow  on  the 
face.     The  night  aspects  are  given  by  colord  lights, — as  follows: — 

"Stop"     "Caution'**     "Proceed" 
New  practice  Red  Yellow  Oreen 

Old  practice  Red  Green  White 

(The  "yellow",  by  some,  would  be  called  orange;  while  the  "white" 
uncolord  light  usually  has  a  yellowish  tinge.) 


•"Caution"  is  a  term  here  used  somewhat  loosely,  tho  conven- 
iently, to  denote  Its  usual  or  approx  meaning ;  "proceed  prepared  to 
rtop  at  next  signnl". 
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1&  Raising  the  arm  Into  the  upper  If/t-hand  quadrant.  Is  com- 
ing largely  into  use  on  electric  railroads,  and  has  the  advantage 
of  placing  the  sig  at  the  same  angles  as  in  the  old  familiar  lower 
right-hand  quad,  and  is  more  redily  placed  so  as  to  be  visible 
among  telegraf  or  trolley  poles. 

19.  Flash  slffnalM,  for  use  at  night,  are  being  tried,  especially 
abroad.  The  illuminant  is  usually  acetylene  gas,  and  each  lamp  is 
arranged  to  flash  periodically  (much  as  certain  light-house  lamps 
flush)  usually  burning  for  about  0.1  second,  and  being  extinguish t 
for  from  about  0.3  to  0.9  second.  They  appear  to  be  reliable  and 
economical,  and  assist  in  distinguishing  sig  lights,  in  general,  from 
other  lights  foreign  to  the  railroad,  and  for  distinguishing  betw 
different  kinds  of  sigs. 

20.  Llffht  sliirnaUi,  with  which  no  semafor  is  used,  are  econom- 
ical in  first  cost,  and  have  no  moving  parts,  aside  from  those  of 
the  relays  that  control  them.  They  are  used  in  subways  and  tun- 
nels, where  a  semafor  could  not  well  be  seen ;  and  to  some  extent 
on  electric  surface  roads.  Where  used  in  daylight,  each  lig<  t 
should  be  accompanied  by  a  hood  or  other  means  for  preventing; 
the  direct  rays  of  the  sun  from  falling  on  the  lens  glass,  and  b^ 
a  screen  or  shield  or  other  large  dark  object,  to  attract  attention 
to  the  sig,  make  it  more  redily  visible,  and  so  reduce  the  chance 
of  its  being  overlookt.     See  also  "Two-light  signals'*,  V  16. 

21.  Light  and  flash  signals  are  being  experimentally  combined. 


Fig.  13  Fig.  14  ^Fig.  15^ 

XMii»l>  Track  TraUiMg  Point  T^  Bhmt  and 


22.  Ijocatlona  af  alipnala.  Fixt  visible  sigs  are  usually  placed 
to  the  right  of,  or  directly  over,  the  track  to  which  they  relate. 
Figs  13  to  17,  Incl,  show  diagrammatical ly  certain  typical  sig 
arrangements,  selected  from  those  given  In  the  Ry  Sig  Assn's 
"Sigrnal  Dictionary". 

TRAlfSMISSIOlf  MBCHAlfISM 

23.  Signals  and  switches  are  conveniently  operated  from  a  cen- 
tral point,  as  a  sig  tower;  and  means  must  be  provided  for  oon- 
nectlng  them  with  it,  and  for  controlling  them  from  It. 

Hand  aperated 

24.  Mechanical  connectlana  for  hand  power  operation  are 
mnde   usually  by  pipes   (used  as  rods)   or  by  wires. 
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25.  The  plye  Is  usually  of  wrought  iron  or  steel,  one  Inch  diam. 
Since  it  can  transmit  either  tension  or  compression,  only  one  pipe 
Is  needed  <in  general)  for  each  sig  or  switch.  The  lines  of  pipe 
fire  usually  carried  upon  and  held  In  line  by  means  of  rollers  held 
In  frames.  Where  sharp  turns  roust  be  made,  the  pipe  ends  are 
connected  by  means  of  bell-cranks,  B,  Fig  18  (not  to  scale),  or 
by  means  of  curvd  deflecting  bars,  D,  running  betw  rollers. 


Fls.  18. 

26.  Compensntora.  Since  even  moderate  changes  in  temper- 
ature materially  alter  the  length  of  a  pipe  line,  and  disarrange  the 
adjustment,  the  pipe  lines  are  divided  Into  sections,  and  the  sects 
are  connected  by  means  of  "compensators"  or  "lazy-Jacks",  C, 
which  neutralize  the  effects  of  temp-change,  without  affecting  the 
sig  movements.  Fig  18  represents  a  line  of  pipe,  leading  from  the 
sig  tower,  T,  thru  a  deflecting  bar,  D,  a  "compensator**,  C,  and  a 
bell-crank,  B,  to  a  switch  or  sig,  S.  The  dotted  lines  show  the 
positions  of  the  compensator  members  when  the  pipe  line  Is  ex- 
panded by  heat. 

P«wer 

27.  Power  operation  may  be  effected  either  by  comprest  air,  con- 
veyd  thru  pipes  to  cylinders,  In  which  It  acts  upon  pistons  con- 
nected with  the  sigs  or  switches;  or  else  by  electricity,  conveyd 
by  wires  to  electric  motors  (or  to  solenoids  for  small  sigs).  The 
comprest  air,  or  electricity,  which  operates  the  sigs.  Is  controld 
usually  by  means  of  relatlvly  light  electric  circuits,  or,  in  the 
all-pneumatic  apparatus,  by  relatlvly  low-pressure  air.  In  either 
case,  the  power  Is  controlled  thru  relays. 

28.  All-electrlc  systems  are  coming  largely  Into  use.  They  have 
the  advantage  that  no  special  air-compressing  plant  is  needed ;  and 
various  comprest  air  troubles  are  eliminated. 

STSTBMS 

29.  Time  Interval.  Under  this  syst,  a  train  must  be  given  m 
headway  of  say  5,  7  or  10  mlns,  before  a  following  train  is  per- 
mitted to  proceed ;  the  supposition  being  that,  if  the  first  train  la 
unexpectedly  stopt,  the  time  interval  Is  sufficient  to  permit  the 
flagman  to  flag  the  following  train;  but  the  system,  at  beat,  is  far 
from  safe. 

30.  Spaee-lnterval  or  bl€>ek.  Under  this  syst,  the  length  of 
the  road  is  divided  into  sections  called  blocks,  of  suitable  lengtlis, 
and  where  absolute  blocking  Is  practist,  no  two  trains  are  per- 
mitted to  be  in  one  and  the  same  block  at  the  same  time.  The 
block  length  may  vary  widely  from  abt  one  mile  or  less  to  5  or  10 
miles,  according  to  density  and  character  of  traffic. 
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SI.  PendMilT.  Under  permiagly  blocking,  a  tnln  is  per- 
mitted to  pass  a  block  slg  sbowing  '"stop",  wltb  tbe  understanding 
tbat  it  Is  to  run  only  at  such  dimlnsbt  speed  tbat  It  can  be  stopt 
at  the  first  point  whkh  cannot  be  passed  wltb  obvious  and  certain 
safety.  This  permits  a  larger  train  operation  with  a  given  block 
length ;  bat  it  is  less  safe  than  absolute  blocking. 
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32.  Slffnai  aspeeta,  as  frequently  applied  to  block  signaling. 
Figs  19  and  20  illustrate,  for  given  conditions  on  a  given  line, 
the  slg  positions,  under  tne  ^wo-posltlon"  and  <<three-positloii** 
semaf or  systs,  respectively.  A  S,  B  O  and  O  D  represent  blocks. 
Under  either  syst,  tlie  train,  in  block  CD,  is  protected  by  the 
home  Big  at  C,  behind  it,  set  at  "stop" ;  but  at  the  same  time,  a 
train  may  enter  block  B  O  At  B,  under  the  ''caution**  sig  therp ; 
or  a  train  may  enter  block  A  B  at  A,  without  restriction :  the 
sig,  at  ii,  indicating  not  only  "proceed",  but  also  "next  sig  beyond 
is  clear". 


r^  ru   r^  n   PD   !"= 


Fig.  21.   Normal  "CUar'' t9-pc9.) 
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r^  i-T]  m   r^  iT]  ill  r 

Fig. 22.    Normal  *'Datig9r'*  {%-po9,i 


SS.  Figs  21  and  22  illustrate,  for  given  conditions  on  a  given 
line,  tbe  semafor  positions  in  the  "three-position"  syst,  under  the 
•<Bonnal  clear^  and  ^nonnal  danser^  systs,  respectlvly.  Under 
the  **normal  clear"  syst,  the  slg.  controlling  a  block,  always  shows 
clear  when  the  block  is  clear,  whether  or  not  a  train  is  about  to 
enter  the  block.  Under  the  "normal  danger"  syst,  the  slg  remains 
at  danger  (whether  or  not  the  block  Is  occupied)  until  a  train 
approaches  the  slg,  to  enter  the  block ;  and  then,  of  courne,  the 
fi\g  is  deard  only  if  the  block  is  actually  clear.  These  diffs  are 
sliown  in  blocks  AB  and  BC. 

34.  Teleirraf  block  or  manual  block.  Under  this  syst,  a  man 
la  stationd  at  the  end  of  each  block ;  and,  when  a  train  passes 
frona  one  block  to  another,  tbe  man  at  the  passing  point  com- 
municates the  fact,  electrically,  to  the  men  at  such  other  points 
as  may  be  necessary.  The  men,  so  advised,  then  display  the  neces* 
sary  slgs. 

is.  Tke  telefone  Is  largely  displacing  the  telegraf  for  such 
nlgnaling^  and  for  train  dispatching  generally.  It  la  commonly 
used  In  conjunction  with  selector  systs,  see  K  71. 
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36.  Controlled  Manual*  or  Liock  and  Block  STatent*     To  e«- 

4uce  the  chances  ol  error  of  operation  in  telegraf  or  manual  block 
syats,  arrangements  may  be  instald,  which  require  the  simultaoe- 
ous  action  of  both  men  in  making  or  breaking  electric  contacts, 
before  the  sig  can  be  set  to  "proceed". 

37.  Automatic  loekingr.  To  gard  against  an  agieement 
between  the  two  men  to  open  the  Uock  when  it  is  not  actually 
clear,  "track  instruments",  or  the  '^rack  circuit"  (see  1  60)  may 
be  80  arranged  that  this  agreement  cannot  be  made  until  the  train 
has  actually  past  out  of  the  block. 

38.  Staff  Syatem.  This  method  is  especially  applicable  to  single 
track  roads.  At  each  end  of  a  block  is  a  receptacle  containing  a 
number  of  metal  staves  or  rods.  The  two  receps  are  so  arranged 
and  electrically  connected  that  only  one  staff  may  be  taken  from 
the  receps;  and  this  staff  must  be  returned  to  one  of  the  necepe 
before  another  staff  can  be  taken.  The  staff  is  the  train's  permit 
to  travel  over  the  block,  and  is  carried  by  the  train.  When  the 
train  leavs  the  block  (at  either  end),  the  staff  is  placed  in  the 
recep  at  that  end ;  rendering  it  again  possible  to  remove  one  staff 
from  the  recep  at  either  end  of  the  block. 

39.  Special  proviaiona  may  be  made,  to  operate  the  ma- 
chines under  "permissiv  blocking",  and  to  provide  for  the  return 
of  "helper"  engins ;  but  this  still  does  not  permit  two  complete 
staves  to  be  out  of  the  receptacles  at  the  same  time. 

MANIPULATIOX 

40.  Manipulation  may  be  either  "initiativ**  or  "interionHng**,  or 
both.     (See  U  3a.) 

41.  Inttlativ  manipulation  may  be  either  that  effected  by  em- 
ployeea,  or  (either  mechanical  or  electrical)  by  the  trains  themselva. 

42.  Interlocking  manipulation  (part  of  which  may  be  In  the 
"Transmission")  is  that  of  automatic  devices,  designed  to  prevent 
Improper  operations.  It  may  be  accomplisht  either  by  purply 
mechanical  movements,  by  electricity  or  by  comprest  air.  where 
even  a  few  sigs  and  switches  are  operated  from  one  point,  collision 
of  trains  may  be  caused  by  errors  on  the  part  of  the  operators. 
In  order  to  prevent  this,  the  levers  and  rods  are  so  group t,  and 
provided  with  additional  sliding  pieces,  cald  "dogs",  or  with  elec- 
tric contacts,  locks,  etc,  that  (In  so  far  as  possible)  combinations 
or  settings,  which  might  endanger  trains,  are  mechanically  pre- 
vented. 

43.  Mechnnical.  Thus,  (here  considering  mechanical  inter- 
locking as  an  Illustration)  at  a  double-track  crossing,  when  all 
the  sigs  show  "stop",  any  one  sig  may  be  made  to  show  "proceed"  ; 
but,  as  It  does  so,  the  rod,  connected  with  Its  lever,  moves  such 
dogs  as  will  lock  the  levers  of  the  sigs  governing  the  tracks  which 
cross  its  track.  Thus,  if  the  sig  for  a  westbound  train  is  deard, 
the  two  sigs  for  northbound  and  for  southbound  movements  are 
thereby  lockt  at  "stop" ;  but  tlie  sig  for  the  eastbound  track  is 
left  clear;  because  both  eastbound  and  westbound  trains  may  of 
course  pass  over  the  crossing  simultaneously  while  the  northboand 
and  southbound  tracks  are  lockt  at  "stop". 

44.  Conversly,  northbound  and  southbound  trains  can  be 
given  clear  sigs  only  after  the  eastbound  and  westbound  sigs  hav 
been  set  at  "stop"  and  lockt  in  that  position. 

45.  The  fundamental  principle,  here  illustrated  by  a  simple 
example,  is  carried  out  Into  very  great  elaboration. 

4d.  DeralUngr  switches.  To  prevent  collisions  due  to  an  en- 
gineer inadvertently  passing  a  signal  showing  "stop",  a  "derail" 
is  frequently  employed  where  practicable.  This  is  usually  a  half 
switch    (the   Inner   "point"),  which,   when   "open".   Is  sufficient   to 

fide  a  train  off  the  rails  and  onto  the  ties;  or,  where  elaborated 
or  passenger  traffic,  it  may  be  a  complete  switch  leading  to  a  side 
track  buried  in  sand,  or  provided  with  other  means  for  stopplnc 
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the  train  with  a  minimum  of  damage.  Such  a  derail  is  so  inter- 
lockt  with  switches  and  sigs  as  to  prevent  its  being  "closed'*  for 
normal  rnnnin^,  unless  all  other  related  switches  and  slgs  are  so 
set  as  to  make  it  safe  to  do  so.  The  derail  produces  a  very  whole- 
some effect  upon  any  tendency  of  the  engineer  to  "take  chances" 
or  even  to  forget  a  signal  set  at  danger. 

47.  Seotchblock.  Other  derails,  commonly  used  on  freight  sid- 
ings, etc,  consist  of  a  movable  metal  piece,  so  shaped  that  when 
placed  over  the  rail,  it  will  lift  and  gide  the  flange  over  the  rail 
to  the  outside  of  the  track. 

48.  Switch-locking:.  Fig  23,  (not  drawn  to  scale,  and  showing 
essentials  only).  In  addition  to  the  switch  lever,  there  is  usually 
provided  a  locking  lever,  which  can  thrust  a  pin.  A,  thru  either 
one  of  two  holes  in  the  bar,  B,  only  when  the  switch-points,  €7  and 
D,  have  made  their  complete  movement  in  either  direction.  If, 
as  by  an  accumulation  of  dirt  or  of  ice,  the  switch-points  have 
not  been  brought  home,  neither  hole  in  the  bar,  JB,  is  brought 
opposit  the  pin.  A,  and  the  pin  cannot  enter  the  hole ;  and,  since 
the  locking  lever  is  in  turn  interlockt  with  the  signals,  these  can- 


.Fig.23.   Plan 


Loeking  Rod  Switch  S4>d 
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not  be  cleard.     Connected  with  the  locking  lever,  is  also  a 

4».  Detector  bar,  E,  Fig  24,  which  is  so  connected  with 
the  locking  lever  that  the  bar  must  rise  above  the  head  of  the  rail 
as  the  locking  lever  is  moved.  This  it  cannot  do  if  there  are 
wheels  on  the  switch.  Thus,  it  is  practically  impossible  to  change 
the  setting  of  a  switch  while  a  train  is  passing  over  it. 


FIgr.  25. 

so.  The  Track  Circuit  affords  a  ready  means  of  safely  accom- 

f^lfshlne  many  automatic  slg  operations,  and  much  interlocking,  or 
ts  equivalent ;  displacing  many  block  slg  towers,  and  clumsy  and 
unwieldy  all-mechanical  Interlocking  plants.  The  fundamental  prin- 
ciple of  the  track  circuit  is  shown  in  Fig  25,  which  shows  the 
two  rails  of  a  single  track  in  a  "block"  or  other  section,  A  B. 
This  section  Is  electrically  insulated  from  adjoining  sections  by 
heavy    wood  or  fiber  insulated  fish-plates,  lndJcatecJj|^^  and  B. 
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At  one  end  of  the  section,  is  a  battery,  T,  one  wire  of  which  Is 
connected  with  one  rail,  and  the  other  wire  with  the  other  ralL 
At  the  other  end  of  the  section  Is  an  electro-magnet,  M,  Bimilarly 
connected.  The  armature,  R,  of  this  magnet,  carries  one  or  several 
contacts,  some  of  which,  C,  are  made,  and  some,  C,  are  broken 
when  the  armatnre  is  attracted  by  the  magnet. 

61.  Let  the  track  circuit,  A  B^  be  complete,  and  let  there  be 
no  cars  on  the  track.  Then  the  current,  from  the  battery,  T, 
energizes  the  magnet,  M;  the  armature  is  drawn  toward  the  ma|^ 
net,  and  the  upper  contacts,  C,  are  closed,  clearing  the  signal,^, 
at  B.  But  If  a  train,  or  any  pair  of  wheels,  W,  is  on  the  rails 
between  A  and  B,  the  current  from  the  battery,  T,  will  be  short- 
circuited  thru  the  wheels,  back  to  the  battery,  thus  robbing  the 
magnet,  M,  of  current,  and  causing  its  armature,  R^  to  drop,  and 
the  slg,  B,  to  show  "stop''.  Also,  If,  thru  accident  or  otherwise, 
the  circuit  is  broken  anywhere,  if  any  short-circuit  occurs,  or  if 
the  battery  falls,  or  if  any  metallic  object  touches  both  rails  betw 
A  and  B,  the  slg  will  show  "stop". 

52.  The  adjustment  is  such  that,  normally,  the  current, 
energizing  the  nfagnet,  M,  will  suffice  to  attract  the  armature,  R, 
In  spite  of  losses  thru  ballast,  water,  snow  and  ice,  altho  the 
practically  total  short-circuiting,  caused  by  a  pair  of  wheels.  W, 
betw  A  and  B,  will  certainly  drop  the  armature,  and  set  the  slg  at 
"stop". 

S3«  Stray  direet  cnrrentii  from  nearby  electric  roads,  or 
the  direct  return  currents  of  electric  roads  themselTs,  when  the 
rails  are  used  for  track  circuits,  may  "clear"  the  signal  when  It 
should  not  be  cleard ;  but  the  use  of  alternating  currents,  for  sig- 
naling, practically  removes  such  danger. 

54.  The  Relay,  UC,  Fig  25,  connected  with  the  track  cir- 
cuit, is  usually  made  to  serv  a  number  of  purposes  simultaneoosly, 
by  means  of  Its  several  contacts.  When  the  armature  drops.  It 
may  break  several  circuits  and  set  several  signals  to  "stop",  and 
it  may  also  share  in 

55.  Electric  Interlocking*  Where  electricity  Is  used  for  the 
control,  and  either  electricity  or  air  is  used  for  the  power  to 
operate,  the  switch  and  slg  levers  control  merely  the  manng  and 
breaking  of  electric  contacts  and  operate  a  comparativty  small 
InterlocKing  machine ;  and  are  therefore  usually  less  than  a  foot 
long.  In  different  makes,  the  levers  move  in  different  waySb  But 
the  main  features  are  common  to  all  types. 

56.  Train  Inter locklngr.  The  mere  presence  of  a  train,  on  any 
section  of  track  provided  with  a  track  circuit,  may  be  arrangd, 
thru  its  relay,  to  break  the  circuits  of  any  slg  or  slgs  leading  to 
that  track.  This  does  away  with  the  necessity  for  the  clumsy 
"detector  bars"  at  switches. 

57.  All-pnenmatic  Interlocicing:  has  been  used  to  some  ertent, 
in  which  valvs  take  the  place  of  electric  contacts,  and  diaframs 
or  pistons  take  the  place  of  magnets  and  armatures. 

Traln-controld  alsnal  operation 

58.  Automatic  Signals  have  proven  very  successful.  They  de- 
pend primarily  upon  "the  track  circuit",  paragraph  50.  when 
the  head  of  a  train  enters  a  block,  the  sig  it  has  past  immediately 
shows  "stop"  against  any  train  that  may  follow.  When  all  of 
the  train  has  past  onto  this  block,  the  second  block  and  sig 
behind  it  are  "cleard".  This  sequence  is  produced  antomatically. 
and  is  continued  indefinitely  from  block  to  block,  operating  distant 
slgs  as  well.  Moreover,  the  mere  presence  of  any  train,  or  eren 
of  a  pair  of  wheels,  on  any  part  of  the  track  of  a  section  of  track 
circuit,  win  maintain  at  "stop"  any  sig  or  slgs  governing  any 
entrance  to  such  section.  In  the  best  practice,  as  shown  noder 
"Blectric  Interlocking",  f  55,  the  track  circuits  are  Interlockt, 
thru   relays,   etc,   wltn   any   switches  or   crossings   that   would   be 
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loTolTd.  If  a  train  has  enterd  a  block,  no  aiding  twitch  can  be 
opend  leading  into  that  blocic ;  and  conversely,  once  the  bloclc  la 
cleard.  and  a  Biding  awitch  is  opend,  all  stgs  leading  to  the  section 
will  snow  "stop". 

50.  Sinsl«-track  Antomatlc.  Automatic  signals,  ns  they  were 
at  first  applied  to  slngle-tracls  operation,  would  permit  two  trains 
at  opposlt  ends  of  a  stretch  of  single-track,  to  leav  their  sidings 
and  run  toward  each  other,  where  the  single  track,  between  sidings, 
was  long  enough  to  contain  a  number  of  blocks.  No  collision  would 
result,  however,  because  each  train  sets  or  holds,  at  "stop",  not 
only  the  sigs  which  it  passes,  but  also  enough  of  the  opposing 
signals  ahead  of  It,  to  prevent  collision  ;  but  one  train  or  the  other 
would  eventually  have  to  back  out  to  the  siding  it  had  left. 

60i  <<Ahaolttte-p«mdaalT''.  '  Id  this  system,  however,  a  train, 
entering  either  end  of  a  length  of  single  track,  will  hold,  at  "stop", 
all  the  opposing  sigs  abed  of  it  in  that  length.  Other  trains  may 
follow  It,  as  in  ordinary  double-track  automatic  signaling. 

MISCELIiANBOUS 
ReUabtUty 

•1.  Bellabillty  of  railroad  sigs  generally  has  been  developt  to  a 
very  high  degree.  All  devices,  as  far  as  possible,  are  so  arranged 
that  any  conceivable  failure  will  cause  the  sig  to  show  "stop". 

Indicatoni 

•2.  Indicators  of  various  types  are  used,  and  for  several  pur- 
poaes.  Thev  are  usually  miniature  models  of  sigs  or  switches  or 
track,  and  indicate  to  the  signalmen  or  yardmen  the  condition  or 
position  of  the  objects  represented,  but  which  may  not  be  visible. 

Other  Hetk#«a 
6S.  New  ■Mthada  of  train  control,  by  means  of  sig  apparatus, 
are  being  developt,  along  lines  radlcallv  different  from  those  here 
described,  and  based  upon  other  fundamental  principles.  Theffe 
involv,  la  the  main,  varloua  combinations  or  developments  of  the 
automatic  stop,  (1|04)  time  or  speed  control,  and  cab  sles.  Some 
of  these  methods  are  in  highly  successful  use;  but,  as  this  portion 
of  the  art  of  sIgnallDg  Is  in  a  transition  state,  we  refrain,  for  the 
present,  from  discussing  it  more  fully. 

64.  Aiitomatle  Stop.  The  effect  of  the  aut  stop,  upon  the 
motorman,  Is  similar  to  that  of  a  derail  (IT  46).  If  he  does  not 
stop  before  reaching  either  of  these  devices,  he  is  almost  surely 
detected  and  disciplind ;  whereas,  otherwise,  he  may  repeatedly 
pass  a  sig  undetected,  until  the  habit  is  developt  to  a  dangerous 


degree.    The  high  coet  of  the  aut  atop,  and  dout  as  to  its  reliability 

under  the  severe  weather  conditions  existing  upor    "   ^ 

.roads,  have  retarded  its  adoption  for  such  servu. 


6S.  ''Smaah"  aliniala  are  sometimes  used  at  the  opproaches  of 
draw-bridges  and  at  other  particularly  dangerous  points.  A  smssh 
alg  consists  of  an  arm  or  board,  which  extends  out  over  the 
path  of  the  car  at  such  position  as  to  clear  trains  when  It  shows 
**clear";  but,  when  set  for  the  '*8top"  position.  It  will  strike  some 
part  of  the  locomotiv  or  car.  The  impact  smashes  the  sig  (whence 
its  name)  and  may  likewise  leav  a  mark  on  the  loco,  thus  identify- 
ing the  guilty  driver. 

M.  Street  aad  electric  railway  alicnals.  The  Increasing  size 
and  speed  of  street  and  interurban  electric  rolling  stock,  have 
made  desirable  the  replacement  of  prlmitiv  methods  by  high-grade 
apparatus.  The  use  of  the  rails  for  the  return  of  the  power  cur- 
rent, however,  makes  track-circuit  signaling  either  unreliable  or 
ezpenslv ;  so  that  it  has  been  usual  to  utilize  the  passage  of  the 
trolley  wheel  under  a  special  contact  placed  on  the  troUev  wire, 
for  setting  the  slg«.  igitizecibyVjOOglC 
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67.  Pig  26  represents  a  block  of  single-track  line,  witb  a 
Big  and  passing-place  at  each  end.  When  the  block  is  clear  of 
cars,  the  apparatus  is  "neutral".  Suppose  now  a  car  to  be  ap- 
proaching from  the  left.  Passing  under  the  "contactor",  at  B,  this 
car  sets  the  sig,  E,  at  "proceed^*,  at  the  same  time  setting  sig  F 
(at  the  far  end  of  the  block)  at  "srop",  and  adyancing  a  "counting 
wheel",  at  each  sig,  one  step  or  notch. 


Flff.  2«. 

68.  Sig  F  being  now  at  "stop",  no  cars  may  enter  the  block 
from  the  right;  but  a  following  car,  approaching  from  the  left. 
may  enter  the  block  past  the  "proceed"  sig  at  B,  the  motorman. 
howeTer,  regarding  it  as  a  caution  sig,  and  observing  that  It 
"blinks",  indicating  that  his  car  has  been  "counted  In".  And  so 
on,  with  any  other  following  cars,  arriving  from  the  left. 

68.  But,  as  each  car  leaves  the  block,  passing  the  contactor. 
D,  the  counting  wheel  at  each  sig  is  set  back  one  notch  or  step; 
until,  when  the  last  car  has  left  the  block,  the  wheels  have  been 
set  back  to  zero,  and  both  sigs,  E  and  F,  are  autom*y  restored  to 
"neutral". 

70.  Among  recent  refinements  are  devices  for  preventing 
the  showing  of  "proceed"  indications  at  both  ends  of  a  block 
simultaneously,  even  tho  two  cars,  at  opp  ends  of  the  block,  make 
their  respectiv  contacts  slmul'y;  for  ensuring  proper  coonting, 
even  when  reverse  movements  are  made :  for  preventing  dlsturo- 
ance  of  the  counting  wheels  thru  throwing  off  or  restoring  the 
power  current;  for  applying  the  syst  to  single-track  block  sigs 
with  overlap ;  and  for  the  extension  of  the  syst  to  include  move- 
ments from  a  third  point,  as  a  siding. 

71.  Selectlv  MtgrnaUns  enables  a  train  dispatcher  to  set  any 
one  or  more  of  a  large  number  of  sigs,  visible  or  audible,  and  thus 
to  get  Into  communication  with  some  one  or  more  station  agents 
or  train  crews. 

72.  The  dispatcher  is  provided  with  apparatus  with  which 
he  can  send  out,  over  a  wire  (which  connects  with  all  the  sigs), 
electrical  impulses  at  accurate  predetermind  intervals;  or  pre- 
determlnd  combinations  of  impulses,  as  in  fire  alarm  systems.  EJach. 
sig  is  differently  adjusted  to  respond  only  to  a  given  kind  of 
Impulse. 

73.  If  the  sig  is  a  visible  one.  It  is  set  to  show  "stop", 
sends  a  "return  Indication"  or  "answer-back"  to  the  dispatcher  so 
that  he  may  be  sure  the  sig  has  been  set.  and  is  autom^  lockt  in 
that  position.  It  can  be  set  to  "clear"  only  with  the  co-operation 
of  the  dispatcher.  The  conductor  of  a  train  that  has  been  stopt 
by  the  sig,  telefones  the  dispatcher ;  and  the  dispatcher,  when  satis- 
fied that  his  instructions  hav  been  imdcrstood,  so  operates  his 
apparatus  that  the  sig  Is  unlockt,  enabling  the  conductor  to  "clear" 

74.  Hisliway  CroHsinurs  Alarms.  The  alarm  Itself  may  be 
either  a  bell  or  other  sounding  device,  or  lights  or  illuminated 
signs,  or  both.  The  alarms  are  usually  controld  electrically  by 
S??5f  ^IfA'"*w  <^*rc"Jts.  «pd  various  complex  arrangements  of 
relays,  often   interlocking  with   each  other.  ,g,,edbyL.OOgle 
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7S.  A  croaslog  slg,  utilizing  the  Tertlcal  flexibility  of  the 
rails,  ehmlDates  most  of  the  difficulties  due  to  Irregular  train  move- 
ments.  etc,  and  provides  its  own  actuating  power.  The  device  is 
"direction  sensitlv".  requiring  a  train  movement  In  the  right  direc- 
tion to  giv  the  alarm,  and  the  alarm  stops  autom'y  when  the  train 
stops. 

76.  Um  of  »lffnaUi»  January  1,  1911  and  1915,  as  given  by  the 
Interstate  Commerce  Commission. 

(A  "Iiti«-mile."  or  roa<f-mlle,  =  a  mile  of  roadway,  whether  occu^ 
pled  by  one  track,  or  by  two  or  more  tracks.  A  "tracA»-mile'*  =  a 
mile  of  single  track.  Thus,  there  are  two  "tracJfc-miles"  in  a  "Une- 
mile"  of  double  track.) 


Kind  of  signaling 

In  use,  in  1911,  on 

In  use,  in  1915.  on  1 

Line- 
miles 

Track- 
miles 

Line- 
miles 

Track- 
mUes 

Exposed  disc 

Enclosed  disc  ("Banjo'*) 

Semafors, 
Electro-pneumatic 
Electro-gas 
Electric   motor 

Total 

Normal  clear 

323 
1,921 

537 
3,866 

1,391 

2,018 

21.339 

257 
1,356 

433 

891 

26,575 

391 
2,961 

1,892 

1.890 
42,409 

434 

919 

14,108 

15,521 

24,748 

27.899 

45,691 
41,667 

23,059 

29.864 
66,745 

Normal  danger 

6,093 

7,753 

Total  automatic  block  sigs 
Total  non-automatic  block  sigs 

Total  auto  ft  non-auto  "       " 

Total  passr  lines  operated 

Percentage  block  signald 

Teleeraf 

Telefone 

Electric  bells  and  controld 

m&nual 
Electric  train  staff 

17,710* 
53,558 

71,269 

172,390 

29.152 
63,506 

49,442 
74.673 

92,708« 

195,922 

47.3* 
44.542 
15,038 

4,357 
347 

96,609 

193,180 

50.0 
87,938 
28,364 

2,883 

388 

124,115 

223,081 

55.6 
41,174 
32,851 

3,622 
407 

41.4* 
38.613 
12,199 

8.212 
346 

No.  of  block  slg  stations                                    9.91 2 
No.  of  block  slg  stations  closed  part  of  time    3,751 
Number  of  block  sections                                 29.881 

11,496 

5,799 

51.690 

77*  Costs  of  sigs.  prior  to  1911,  as  glTen  by  Special  Committee 
on  Relations  of  Ry  Operation  to  Legislation,  1911,  Nov.  14,  as 
result  of  enquiries  and  replies  receivd  from  railroads  operating 
about  80%  of  all  track  in  U.  S.  equipt  with  block  signals.  Prom 
Ry  Age  Gaz.  '11  Nov.  17. 

Installing,  per  mile  of  track; 

Automatic,  $1,146;   Non-automatic,  $248. 

Maintaining,  automatic,  per  year; 

$169  per  mile  of  track ;  $69  per  signal  blade. 

Costs  for  installing  during  1911  were  10  to  40%  greater  than 
above,  due,  probably  to  the  introduction  of  greater  refinements. 

*  Substantially  correct,  notwithstanding  insignificant  discrepan- 
cies betw  diff  tables  in  the  I.  C.  C.  Reports. 
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YARDS  AND  STATIONS 

1.  G«ii«raL  Yards,  stations  and  terminals*  consist  of  tracks  te 
addition  to  those  of  the  main  line;  buildings  and  various  facilities, 
for  expediting  the  shifting  and  general  handling  of  locomotirs. 
cars,  freight,  passengers,  baggage,  etc.  They  may  consist  merely  of 
a  small  station,  a  sinsrle  siding  and  a  freight  house:  or  may  in- 
clude large  freight  ana  passr  stations,  and  dasens  of  tracks,  and 
cover  an  area  a  mile  or  more  in  length. 

YARDS. 

2.  Deflmttlon,  (Am  Ry  Eng  Assn).  "Yard. —  A  system  of  tracks, 
within  defined  limits,  provided  for  making  up  trains,  storing  cars, 
and  other  purposes,  over  which  movements  not  authorized  by  time- 
table or  by  train-order  may  be  made,  subject  to  prescribed  signals 
and  regulations." 

3.  General.     Yards  consist  usually  of 

(a)  a  Receiving  Yard,  H  10.  upon  which  trains,  entering  from  the 

main  line,  may  remain  until  they  can  be  sorted ; 

(b)  the  Service  Yards,  H  11,  in  which  locomotivs  are  coald,  refrig- 

ator  cars  Iced,  etc,  and  rolling  stock  repaird ; 

(c)  the   Separating,  Sorting,  or   Classification   Yard  proper,    f  46 ; 

and 

(d)  a  For  warding  Yard,  or  Departure  Tracks,  f  79,  on  which  the 

newly    made-up   trains   may    wait   before   passing   out   onto 
the  main  line. 

4.  The  destsn  of  the  yard,  will  depend  largely  upon  the  charac- 
ter, direction  and  amount  of  traffic,  upon  the  area  and  shape  of 
ground  available,  upon  th«  nearness  of  various  supplies  and  facili- 
ties, and  upon  other  factors.  Large  yards  should  be  designd  only 
in  the  light  of  all  obtatnable  information  on  those  and  any  other 


Crwm 


pertinent  points,  and  after  carefully  estimating  future  traffic  and 
growth. 

5.  Example.  The  Missouri  Pacific  yd.  Fig  1,  at  Dupo,  111,  is 
fairly  representativ  of  the  average  ideal  large  yard  for  traffic  atMrnt 
equally  balanced. 

tt.  Two  directions.  Usually,  at  any  one  place,  tliere  will  be 
virtually  two  yards,  one  for  each  direction  of  trallic,  except  that 
there  should  be  but  one  service  yard,  serving  traffic  in  both  dlrec- 


•See  foot  note,  p  1006. 
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tiont.  The  two  yards  may  be  of  approx  equal,  or  of  Tery  unequal 
fize,  depending  upon  the  relativ  amounts  of  traffic  In  the  two 
directions. 

7.  Main  I^lne  Tracks  should,  in  general,  especially  in  large 
yards,  be  located  outside  the  yard,  one  on  each  side.  If  possible,  or 
both  on  the  same  side  if  necessary ;  while  facilities  (service  yard, 
etc)  should  be  groupt  near  the  center  of  the  yard. 

8.  Connecttoii  with  Main  Line.  The  number  of  switches  lead- 
ing directlT  from  the  main  track  should  be  a  minimum,  with  a 
cross-over  If  double-track  in  a  small  yard,  the  several  yard  tracks 
coDDectlng  only  with  each  other.  Any  switches  should,  where 
possible,  face  awav  from  the  traffic,  so  that  main-line  trains  will 
trail  thru  them,  tnus  reducing  th^e  risk  of  "running  Into  an  open 
switch."  The  switch  should  also  be  Interlockt  with  any  main-fine 
signals,  and  have  a  derail,  pp  825-7,  to  prevent  cars  from  wrongly 
getting  onto  the  main-line. 

0.  Use.  Freight  yards  are  used  (1)  for  the  storage  of  rolling 
stock  not  in  use,  (2)  for  holding  cars  while  being  loaded  or  un- 
loaded, and  (8)  for  re-arranging  or  sorting  cars.  When  used  for 
the  latter  purpose,  they  are  commonly  called  "classification  yards," 
are  probabiv  by  far  the  most  important,  especially  at  large  centers, 
and  not  only  usually  include  the  other  two  types,  but  serve  largely 
to  reduce  their  size.  Various  writers  emphasise  the  importance  of 
regarding  a  yard  as  a  place  in  which  to  nandU  cars,  and  not  as  a 
place  in  which  to  Btore  them. 

Reeelvltts  Tarda. 

10.  The  receiving  yard  must  be  long  enough  to  hold  the  longest 
train,  and  must  have  a  number  of  tracks  sufficient  to  hold  all  the 
trains  coming  until  they  can  be  handled.  From  it,  the  loco  of  each 
train  Is  taken  to  the  service  yard  for  re-coaling,. etc,  and  the  train 
Is  pusht  Into  the  classification  yard  proper. 

Service  Tarda. 

11.  Service  yards  should,  in  general,  be  centrally  located.  They 
should  be  provided  with  tracks  and  other  means  for  changing  ca- 
booaes  and  locos  and  for  removing  and  holding  disabled  or  ^'bad 


^r^"^. 
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order"  cars^  and  with  running  tracks  to  enable  cars  and  locos  to 
pass  freely  around  or  thru  the  yards.  Facilities  should  be  pro- 
vided :  for  removing  ashes  from  locos ;  for  supplying  them  with 
water,  coal  and  sand;  for  cleaning,  oiling  and  housing  them  and 
makinir  minor  repairs  to  them;  for  inspecting  and  repairing  cars 
and  overhauling  (hot)  Journal  boxes;  for  cleaning  passr  cars;  for 
idns  refrigerator  cars ;  for  supplying  water  and  feed  to  live-stock ; 
and  tor  such  other  special  requirements  as  may  exist 

12.  Damaged  ears  of  the  dump  or  hopper-bottom  type,  and  their 
contents,  are  aometimes  conveniently  handled  by  first  running  them 
up  on  a  trestie  and  dumping  their  contents  into  good  oirs  on  tracks 
nbder  the  trestle.  ,gitizedby^OOgie 
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18.  Repair  tracka*  (Am  Ry  Bngg  Absd,  Manual.  1915)  should 
have  a  capacity  of  15  cars  each,  allowing  50  ft  per  car,  the  tracks 
alternating  with  spacings  of  16  and  24  ft  c  to  c.  Repair  yards 
should  be  liberally  equip t  with  air  and  water  pipes,  with  air  oat- 
lets  every  50  ft.  Tracks  for  heavy  repairs  should  be  under  cover. 
Other  specifications  require  separate  tracks  for  heavy  and  for  light 
repairs,  In  order  that  cars,  requiring  heavy  repairs.  Jacking  up. 
etc,  may  not  unnecessarily  delay  other  cars. 

14.  Shop  TWkvdm  and  iihop  layoatn.  Mr.  Walter  G.  Berg,  Chf 
Dngr,  Lehigh  Valley  R  R,  R  R  Gaz,  1903  Mar  13  to  Apr  10,  urges 
the  importance  of: — 9uch  design  as  will  minimize  unproductiv 
travel  of  men  and  materials ;  proper  apportionment  of  space  betw 
the  several  shops ;  ample  means  for  communication  and  transfer : 
facility  of  overflow  from  one  dep't  to  another ;  ample  floor  space  and 
passage-ways;  good  lighting,  heating,  ventilation,  sanitation,  water 
supply,  flre-protectiou,  flreprooflng,  and  power  facilities;  and  pro- 
vision for  increase  in  business  for  say  10  yrs. 

IS.  Electricity  has  made  possible  almost  any  arrangement  of 
shops  and  tracks  desired,  whereas  without  it,  buildings  must  be 
groupt  more  or  less,  or  separate  power  plants  installed. 

19.  An  oTerhead  crane*  of  sufficient  strength  and  clear- 
ance to  lift  a  loco  bodily  over  others,  obviates  the  necessity  of  using 
transfer  tables,  turntables,  connecting  tracks  and  switches. 

17.  A  transfer  table  is  a  narrow  platform,  with  a  track 
usually  long  enough  for  one  loco  and  tender.  The  platform  itself 
runs  upon  a  wide  track  in  a  pit  at  right  angles  to  its  own  track 
and  those  of  the  shop,  and  thus  transfers  its  load  from  one  track 
to  another  and  parallel  tracf  in  the  shop.  To  overcome  the  obsta- 
cle offerd  by  the  deep  pit,  to  the  transfer  of  men  and  materials 
across  it,  Mr.  Henry  V.  Miller  (Eng  News,  1909,  Jul  16)  has  pat 
ented  a  "pitless"  transfer  table,  the  wheels  of  which,  framed  with 
goose-neck  hangers,  are  above  the  table  itself,  *'and  permit  its  track 
to  be  down  almost  flush  with  the  bottom  of  the  space  over  which  it 
travels." 

18.  TorntableA.  Fig  2.  In  general,  the  turntable  pit  Is 
encircled  by  the  circle  wall,  W,  or  ring  wall,  the  upper  portion  of 
which  is  called  the  parapet  wall ;  and  the  frame  consists  of  two 
wings,  each  wing  comprising  a  pair  of  parallel  cantilever  deck  or 
thru  trusses  or  plate  girders,  G,  with  suitable  cross-bracing.  The 
two  wings  are  united,  forming  a  double  cantilever,  continuous  o-rer 
the  center,  C,  and  pivot  pier,  P. 

19.  Balancing.  Normally,  In  turning,  the  table,  with  its  live 
load,  is  balanced  over  the  central  pivot,  P,  to  which  the  entire 
load  is  then  transfered  thru  conical  or  other  rollers,  or  disks 
(H  39)  ;  but,  when  a  loco  is  entering  or  leaving  the  table  (and 
sometimes  when  turning,  see  pgf  29),  the  live  loaa  bears  partly  aUo 
upon  the  circle  rail,  R,  thru  wheels  with  radial  axles,  carried  at 
the  ends  of  the  wings.  The  wheels  are  so  housed  that  they  extend 
but  little  below  the  lower  flanges  of  the  girders. 

20.  Thru  girders.  Cantilever  girders,  for  modem  heavy 
locos,  requiring  turntables  longer  than  say  75  ft,  must  be  very 
deep :  requiring,  in  turn,  very  deep  pits,  the  depth  sometimes  exceed- 
ing 11  ft.  Such  pits  are  difficult  of  proper  drainage.  To  reduce 
the  depths,  the  usual  deck  girders  are  sometimes  replaced  by  thru 
or  half -thru  ("pony")  girders  or  trusses.  To  allow  men  to  pass 
safely  betw  them  and  the  loco,  on  each  side,  the  girders  abonld 
be  spaced  at  least  15  ft,  c  to  c. 

21.  Or,  Pig  3,  the  two  wings,  A  and  B,  are  made  independ- 
ent, each  bearing  upon  the  center.  C,  at  one  end,  and  upon  the 
circle  Ttiil  R.  at  the  other  end.  Such  tables  are  called  non-tippino 
tables.  Their  virtual  spans  being  shorter,  their  girders  and  the 
pit  are  made  shallower. 

.^  ^^'^J^^  ^'  *  shallow  continuous  girder  is  used,  and  is 
supported  partly  by  tension  members,  D,  D,  from  a  tower.  T.  rest- 
ing upon  the  center,  C,  ,gitizedbyL.OOgle  ' 
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23.  Length.  Many  older  tables  range  from  60  to  70  ft  In 
length;  but,  of  57  important  railroads.  Interrogated  by  a  commit- 
tee of  the  Am  Ry  Bridge  &  BuUdg  Assn*  In  1012,  54  used  tables 
ranging  from  75  to  90  ft  long ;  two,  100  f t ;  and  one,  105  ft. 


SS4.  Excess  length.  Turntables  must  ordinarily  be  consider- 
ably longer  than  the  combined  wbeelbase  of  loco  and  tender,  espe- 
cially where  unloaded  tenders,  with  their  locos,  are  to  be  "bal- 
anced'*   (bearing  only   upon   the   central  plTot).     Compare   Figs   5 


Fig.  3. 


Fig.  4. 


♦Report,  Am  Ry  Bridge  &  Bldg  Assn,  1912.  To  this  committee's 
elaborate  report,  adopted  Oct  1912,  we  are  lndebttd_X<?>J/^"c^  of 
tbe  Information  and  recommendations  here  given. 
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Report 
PP 

Weights                     1 

loco 
pounds 

tender             | 

loaded 
pounds 

Ucfat 
pounds 

Am  Loco  Co  Mogal 

Baldwin  Mikado 

Santa  F6  Mallet  24-wbeel 

2 

4 
6 

187.000 
305.100 
616,000 

143.800 
166.700 
234.000 

66.300 

60.000 

106.000 

and  6.  which  Indicate  tbe  turntable  lengths  required  for  a  "Mogol" 
type  loco  (Rolling  Stock,  pgf  65),  with  tender;  loaded.  Fig  5»- and 
light.  Fig  6. 


Fig.  5. 


Fitf.6. 


26.  The  table  above  shows  weights  and  hor  dists  (to  the 
nearest  inch)  for  this  and  for  two  other  types.  The  first  two  are 
the  heaviest  of  those  types  made  by  the  American  and  Baldwin 
works  respectivly.  up  to  1012.  The  committee*  recommends  a 
min  length  of  75  ft  for  ordinary  practice :  and  00  ft  for  heaviest 
engines ;  preferring  wyes  to  turntables  longer  than  90  ft 

26.  Mechanics.  Moments  and  ehears.  Stresses  and  deflec- 
tions. When  a  turntable  is  **balanced/*  with  or  without  load,  the 
frame  is  to  be  treated  as  forming  two  cantilevers,  each  conslstliig 
of  two  parallel  girders  or  trusses.  O,  the  two  cantilevers  being  con- 
nected over  the  central  pier.  For  this  case,  but  one  position  of  tbe 
live  load  is  possible.  But.  when  the  load  is  so  placed  that  one 
wing  of  the  table  frame  rests,  at  one  end,  upon  the  circle  rail,  B, 
and  the  other  end  upon  the  central  pier,  C,  (as  when  a  loco  Is  en- 
tering  or  leaving  the  table),  that  wing  Is  to  be  treated  aa  a  simple 
beam,  and  the  other  wing  as  a  cantilever,  and  this  is  always  tne 
case  with  the  non- tipping  table,  Fig  3.  In  either  case,  the  moments 
and  shears,  for  dead  load,  for  live  load,  and  for  both  combined,  are 
to  be  found  (for  different  positions  of  the  live  load)  as  on  pp440  to 
453.  the  corresponding  stresses  as  on  pp466,  etc..  and  tbe  deflec- 
tions as  on  pp  480-481.  For  balanced  table,  the  end  deflectlocis 
should  not  exceed  aboat  1/2  Inch,  and  must  not  bring  the  tsble 
to  a  bearing  on  the  circle  rail  R. 

27.  According  to  the  committee.*  the  practice  Is  to  use  utm 
etresees  of  16.000  Ibs/sq  inch  in  tension,  and  10,000  in  shear,  when 
separate  provision  is  made  for  Impact  (see  Trusses,  p  758) :  and 
the  committee  recommends  10,000  and  6,000  respectivly  when  no 
such  provision  is  made ;  except  that,  at  -the  ends,  live  load  stresses 
should  be  doubled  to  provide  for  impact 

28.  Wheel  loadings.  In  destgnlns  a  turntable,  the  Iocosl 
which  may  bave  to  use  it  should  be  studied,  and  the  design  should 
be  based  upon  that  one  which  produces  the  greatest  stresses,  Bf 
reason  of  tnelr  short  wheelbase.  Cooper's  loaaiings  (loco  +  tender 
=  48  ft  for  all  classes;  see  Truss  Specifications,  p756)  are  nn- 
suited   for  modem   heavy   turntables;   but  they   are  nevertheleas 

•Report.  Am  Ry  Bridge  k  Bldg  Assn,  1912.  To  this  committee's 
elaborate  report,  adopted  Oct  1912.  we  are  Indebted  for  mneh  sf 
the  information  and  recommendations  heie  gftren.   yVl^OOQie 
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Lengths,  to  nearest  Inch                                      | 

W 

PU5 
(tender  loaded) 

B 

Flff6 
(tenderllgbt) 
A        T          L         B 

B 

1 

72 

89 

135 

56-10 

67-01 

108-02 

0-7     28-OS     28-6     0-7 
0^     36^)0     81-1     5-5 
2-2     5710     50-4     9-8 

58 

73 

120 

0-8     85-4     21-06     1441 
0-9     43-9     23-04     21-2 
2-3     66-8     42-11     24-7 

sometimes  used ;  their  wheel-spacinn  being  Increased  for  the  pur- 
pose. In  the  following  table,  the  three  heavier  locos,  by  dlstrlbuf- 
Ing  their  loads  over  a  greater  portion  of  the  span,  will,  If  placed 
upon  a  hridQe,  produce  approx  the  same  stresses  as  will  the  lighter 
Cfooper  E  50;  but,  on  a  balanced  turntable  (where  each  wing  acta 
as  a  cantilever)  their  greater  lengths  and  weights  produce,  at  the 
center,  greater  shears  and  much  greater  negativ  moments,  as 
shown : — 


Loading 

Loco 
lbs 

render 
lbs 

Wheel- 
base, 
loco   + 
tender 

Moments  and  shears  at 
center,  in  tumtabie 

Neg  mom 

ft-lbs. 

due  to 
Cooper 

Shear, 
lbs 

AmLGo 
Mik 
Pac 
Mai 

225,000 
(tenders  1 
315,000 
317,000 
483,000 

130,000 
oaded) 
169,700 
175,700 
186,400 

48' 00" 
67'  10%" 

71'  sy*" 

88'       %" 

2,149,260 

4,349,000 
4,630,000 
7,228,000 

B    50 

BlOO 
EllO 
E170 

225,000 

270.000 
248.300 
346,900 

29.  Twrntng,  Small  tables  are  tumd  by  hand ;  for  which  pur^ 
pose  a  lever,  8  or  10  ft  long,  at  convenient  height,  and  fitting  into 
a  staple,  is  provided  at  each  end  of  the  table.  Heavier  tables 
are  tumd  by  pneumatic  power,  or  by  gasoline  or  steam  engins. 
Electric  power  is  preferd,  where  readily  available.  Comprest  air 
la  nsed  where  occasional  freeslng,  necessitating  the  temporary  use 
of  manoal  power,  is  not  prohibitory.  The  motor  is  placed  some- 
times  next  to  the  center,  C,  sometimes  next  to  one  end  of  either 
wing,  sometimes  at  the  end  of  a  light  wing  at  right  angles  to  the 
main  wings.  With  motors,  tables  are  commonly  turnd  unbalanced, 
i.  e.,  with  the  live  load  bearing  partly  upon  the  circle  rail,  R. 
Where  ordinary  tables  are  to  be  turnd  without  being  balanced, 
and  in  non-tipping  tables,  it  is  usual  to  make  the  wing  ends  and 
their  wings  extra  heavy,  to  support  that  part  of  the  live  load  which 
comes  upon  them.  Balancing  tables  may  then  be  turnd  "balanced** 
when  turning  the  shorter  locos,  and  "unbalanced**  with  larger 
locos.  Non-tipping  tables,  owing  to  the  greater  leverage  of  the  re- 
sistance at  their  end  supports,  are  difficult  to  turn,  and  expensiv 
In  maintenance  on  account  of  wear  in  those  supports. 

aoi  Turntables  are  held  in  poHiion,  for  passaf^e  of  locos  to 
or  from  them,  by  numerous  devices;  as  by  power  brakes  (especially 
where  power  Is  used  for  turning)  ;  or  by  oars,  swinging  vertically 
abont  a  hinge  fastend  to  the  table  ties,  and  catching,  as  they  swing, 
In  a  notch  fastened  to  the  ties  between  the  rnlls  of  the  approach 
tracks;  or  by  sliding  latches,  running  in  sleevs  upon  the  table 
ties  and  entering  sockets  fastend  between  the  rails  of  the  approach 
tracks.  The  last-named  are  conveniently  thrown  into  and  held  In 
the  lockt  positions  by  springs,  and  withdrawn  by  means  of  a  hand- 
lever,  which  may  withdraw  simultaneously  the  latches  at  both  ends 
of  the  table.  The  locking  device  Is  frequently  connected  with  a 
slgnnl.  Indicating  its  position.  Digitized  by  L^OOgle 
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31.  Crossing  of  the  radial  approach  rails  of  adjacent  trac^, 
near  the  table,  together  with  the  use  of  frogs.  Is  frequently  necessi- 
tated by  limitations  as  to  space. 

32.  Flooring.  The  entire  pit  is  now  floored  oyer  only  In 
special  cases;  as  where  floor  space,  or  a  passageway  for  teams,  etc. 
Is  needed ;  or  where  danger  of  freezing  is  a  serious  matter ;  In 
which  latter  case,  a  stove  may  be  mounted  upon  the  swinging 
girders.  A  steam-pipe  Is  sometimes  laid  around  the  pit,  adjoining 
the  circle  rail,  R,  (Fig  2).  The  flooring,  when  used,  is  supported 
upon  light  radial  trusses.  Commonly  the  table  is  made  wide 
enough  to  accommodate  a  footway  on  one  or  both  sides,  the  foot- 
way being  supported  upon  extra  long  ties,  placed  at  Intervals ;  and 
the  footway  is  sometimes  provided  with  a  hand-rail.  Prequently 
one  or  two  light  additional  wings  are  provided,  at  right-angles 
with  the  main  wings,  to  carry  the  motor  or  the  stove,  etc,  or  for 
other  purposes;  forming  a  cross-shape  in  plan.  For  rigidity,  tbs 
ends  of  the  four  wings  may  be  connected  by  stmts. 

33.  Height  of  rail.  The  table  is  usually  placed  at  racta 
height  that,  unloaded,  Its  rails  are  about  %  inch  above' those  of 
the  approach  tracks;  so  as  to  leave  %  inch  clearance  betw  the 
circle  rail  and  ihe  end-wheels  of  the  table,  when  the  ends  of  the 
wings  deflect  each  ^  Inch  under  a  balanced  load.  The  tops  of 
the  table  rails  should  come  flush  with  those  of  the  approach  tracks 
at  that  end  over  which  a  loco  may  be  entering  or  leaving  the 
table.  Steel  springs  have  been  employd,  to  absorb  the  shocks 
occasioned  by  locos  entering  and  leaving. 

34.  The  foundations,  of  both  pivot  pier  and  circle  wall,  are 
usually  of  concrete ;  and  of  course  must  be  very  carefully  laid 
(especially  that  for  the  pivot  pier),  In  view  of  the  very  heavy 
service  required  of  them.  The  pivot  pier  is  commonly  provided  witn 
a  Rtone  cap.  Where  rock  bottom  is  not  accessible,  piles  are  drlTen 
under  the  pivot  pier,  under  the  circle  rail  and  under  the  parapet 
wall.  Those  under  the  pivot  pier  are  usually  in  a  square,  4  to  7 
piles  on  a  side,  and  covering  an  area  of  from  12  X  12  to  16  X  16  ft. 

35.  The  circle  tcall  is  usually  of  concrete  (rarely  of  wood), 
with  timber  coping  for  the  support  of  the  stub  ends  of  the  approach 
tracks,  and  radial  timber  ties  for  the  support  of  the  circle  ralL 
When  either  the  approach  rails  or  the  circle  rails  rest  directly 
upon  the  concrete,  the  latter  is  apt  to  be  disintegrated.  The  circle 
wall  is  usually  from  6  to  7  ft  in  greatest  width,  and  the  parapet 
vail  from  1.5  to  2  ft.  Owing  to  its  circular* form,  in  plan,  it  acts 
as  a  hor  arch,  and  a  gravity  section  (capable  of  withstanding 
alone  the  collapsing  pres  of  the  surrounding  earth)  is  not  neces- 
sary. 

36.  A  niche,  or  recess,  left  In  the  circle  wall  at  some  point, 
gives  convenient  access  to  the  end  of  the  table,  for  Inspection  etc. 

37.  Wooden  turntables  are  sometimes  used,  from  motlvs  of 
economy,  especially  for  temporary  purposes.  They  are  sometimes 
without  rollers  or  disks  at  the  center,  and  then,  in  turning,  bear 
either  upon  their  end  wheels  or  upon  a  series  of  wheels  arranged 
In  a  circle  not  far  from  the  center.  In  the  latter  case,  the  live  load 
bears  partly  upon  the  end  wheels  when  entering  or  leaving  the 
table.  They  usually  require  two  men,  with  crank  mechanism,  to 
turn  them.  Their  economy,  in  flrst  cost,  is  apt  to  be  offset  by 
ezcessiv  cost  for  repairs. 

38.  Pit  drainage,  always  important,  is  especially  so  with 
the  deep  pits  often  required  for  modern  heavy  locos.  Water,  In 
the  pit,  rusts  the  bearings,  and  thns  necessitates  stoppage  of 
operations  and  Jacking  up  for  cleaning  and  oiling.     Water,  freeslng 


is  too  low  for  convenient  drainage,  the  pit  may  be  made  ^allower 

by  one  or  other  of  the  devices  mentlond  in  irf  20-22. 

39.  Figs  7  and  8.    •The  center  is  essentially  a  circular  steel  box, 

•Report,  Am  Ry  Bridge  &  Bldg  Assn,  1012.  To  this  committee's 
elaborate  report,  adopted  Oct  1612,  we  are  Indebted  for  much  of 
the  Information  and  recommendations  here  given.     ,    r^r^^i^ 
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the  lid  of  which  (carrjing  the  frames)  bears  upon  it  usually  thru 
the  medium  of  conical  rollers,  bull  bearings,  or  disks,  of  hardend 
steel;  conical  rollers.  Fig  7,  being  most  largely  used.  In  the  best 
tables,  these  are  held  in  place,  radially,  usually  by  "live  rings" 
encircling  them,  both  at  their  inner  and  at  their  outer  ends,  and 
separated  from  them  by  ball  bearings  or  frictionless  washers.  Coni- 
cal rollers  are  commonly  from  7  to  12  ins  long,  and  from  4  to  8  ins 
dlam  at  the  larger  end.  They  usually  bear,  above  and  below,  upon 
relatlvly  thin  annular  track  plates,  which,  when  worn,  may  be  re- 
placed, leaving  box  and  lid  intact.  The  design  of  the  center  is 
often  left  to  the  manufacturer. 


Balf  Vtrtieal  Section         Haif  Elmmtitm 

Fig.  8. 


FlK.  7. 


40.  Notwithstanding  the  successful  use  of  disk  centers. 
Pig  8.  in  swing-bridges,  where  they  carry  much  heavier  loads,  they 
have  not  come  into  general  use  for  turntables.  The  committee* 
recommends  their  serious  consideration. 

41.  ''Hydraulic"  centers  (oil  or  glycerin  being  used,  on  ac- 
count of  danger  of  freezing,  instead  of  water)  have  been  suggested. 
Tbey  would  be  easily  adjustable  in  height. 

42.  Centers  or  pivots  are  very  important.  It  pays  to  use 
the  very  best  obtainable.  Three-quarters  of  RRs  use  conical  roller 
or  ball  bearings,  of  manufacturers'  standards.  Much  of  the  trouble 
with  roller  bearings  seems  to  have  been  due  to  former  poor  design 
and  small  size,  and  to  subsequent  neglect  in  maintenance. 

43.  The  mechanism  should  he  oild  at  least  annually,  and  as 
much  oftener  as  may  be  required  by  flooding,  or  when  tne  table 
becomes  hard  to  turn.  The  frames,  etc.,  require  frequent  painting. 
To  facilitate  inspection,  repairs,  etc.,  the  table  may  be  jacked  up 
from  the  center  pivot;  the  Jacks  resting  upon  two  concrete  founda- 
tions, placed  diametrically  on  opposite  sides  of  the  center,  and  lift- 
ing by  means  of  steel  brackets,  riveted  to  the  table. 

*  Report,  Am  Ry  Bridge  &  Bldg  Assn,  1912.  To  this  committee's 
elaborate  report,  adopted  Oct  1912,  we  are  indebted  for  much  of 
the  informafioQ  and  recommendations  here  given. 

digitized  by  LjOOQIC 


1002  BAILBOAD8. 

44.  The  eo8t  of  turntables  Taries  widely  with  many  factors, 
bat  the  following  may  be  taken  as  approximations  Cost  of  steel 
deck  turntiible,  complete,  with  tractor.  Including  pit,  pier,  etc., 
$100  per  linear  foot ;  thru  tables,  $150.  Light  wooden  tables  may 
cost  as  little  as  $15  to  $20  per  Un  ft.  PU,  lined,  including  pier 
foundation,  from  $0.50  to  $1.30  per  sq  ft;  paving  aione  (offeen 
omitted),  from  $0.15  to  $0.25  per  sq  ft 
45.  Wyes  or  T-tmeks.    See  Turnouts,  H  18,  19,  p  825. 

CUumUkemUon  Ywds. 

40.  The  main  object  of  a  classifflcation  yard  is  to  receir,  from 
one  or  more  points  or  lines,  as  A,  B,  O,  D,  etc.,  trains  in  each  of 
which  there  may  be  cars  for  any  or  all  of  a  numoer  of  other  points 
or  lines,  as  M,  N,  O.  P,  etc,  and  so  to  rearrange  the  cars  as  to 
make  up  new  trains,  the  cars  of  each  of  which  may  then  go  directly 
(or  with  a  minimum  of  re-arrangement  or  subsequent  shifting)  to 
their  respectiv  destinations,  as  M,  V,  O,  P. 

47.  Minor  objects  are  the  similar  re-classification  (or  'Trans- 
fer") of  the  contents  of  cars,  and  general  renewals  and  repairs. 

48.  Push  and  pall»  or  flat  ahlftlns.  Where  grayity  cannot  be 
utilized  for  shifting  (K  50),  car  movements  must  be  made  by  loco- 
motiv.  Cars  may  be  given  a  push  by  the  loco,  and  then  left  to  go 
where  they  are  wanted,  sometimes  assisted  by  a  slight  down  grade. 
They  should  be  under  the  control  of  a  brakeman.  (Jr,  the  cars  may 
be  pulled,  "making  flying  switches,"  as  follows: — ^With  the  train 
in  motion,  the  loco  is  uncoupled,  and  runs  on  ahead,  at  increast 
speed,  thru  a  switch,  on  to  an  unoccupied  track ;  and  the  switch  Is 
then  quickly  thrown,  in  time  to  send  the  oncoming  cars  onto  the 
required  track.  This  requires  skilful  co-operation  of  crew  and 
yardmen.  These  methods,  tho  objectionable,  and  ezpensiv  during 
operation,  will,  nevertheless,  be  usually  more  economical  in  a  small 
or  unimportant  yard,  than  any  of  the  following  methods,  which 
are  more  costly  to  install  and  maintain,  but  which  may  be  well 
worth  their  cost  in  large  or  busy  yards. 

48.  Polingr.  By  means  of  a  stout  pole,  two  or  three  times  as 
long  as  the  clear  space  betw  cars,  the  loco  (sometimes  provided 
wltn  a  specially  constructed  car,  and  running  backward  and  for- 
ward on  a  parallel  track)  pushes  off,  from  a  train,  one  or  more  cars 
At  a  time,  sending  them,  tnru  switches,  to  their  aestinations  under 
their  own  momentum. 

SO.  Hump  or  gmvitj  classification  yard. 

In  this  type  of  classification  yard,  the  train  is  pnsbt  up  over  a 
hump  in  the  track,  at  which  point  the  cars  are  uncoupled,  one  or 
more  at  a  time,  and  descend,  by  gravity,  thru  the  yard,  to  their 
desired  destination. 

81.  Operation.  A  train  enters  the  receiving  tracks.  Its 
locomotiv  is  uncoupled  and  sent  to  a  side  track  for  re-coaling,  etc 
A  special  yard  loco  then  comes  up  behind  the  train  and  pushes  ft 
slowly  forward,  over  an  up-grade,  to  a  summit  or  "hump."  As 
each  car,  or  set  or  "cut"  of  cars  for  any  one  destination,  passes 
over  the  hump,  it  is  uncoupled.  It  then  proceeds,  by  gravity  (usu- 
ally first  over  a  track-scale,  on  which  each  car  may  be  weighd) 
down  quite  a  steep  grade  and  onto  the  "ladder  track,'*  which  leads 
by  switches  to  the  several  classification  tracks.  As  each  car  or 
"cut"  starts  on  its  way,  it  may  be  markt  with  a  number  or  sym- 
bol, indicating  its  destination.  As  the  car  or  cut  comes  down  the 
ladder  track,  its  destination,  as  thus  markt,  is  noted  by  switchmen, 
who  set  the  switches  for  It  It  4s  boarded  by  a  brakeman  or 
**rider,"  who  then  controls  its  speed  by  means  of  the  brakes,  the 

f grades  of  the  ladder  and  classification  tracks  all  being  such  as  to 
naure  the  delivery  of  the  car  to  the  furthermost_point8  desired. 
The  rider  then  returns  for  another  car  or  "cut."  when  it  is  time 
to  make  up  a  train  from  one  or  more  classification  tracks,  the 
road  engln"  backs  in  from  the  lower  end  of  the  yard,  couples  to 
the  collections  of  cars  desired,  and  then  proceeds  into  the  forward- 
ing yard  or  out  onto  the  main  line. 
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8S.  Sped  of  •pcratlon.  According  to  Mr.  C.  V.  Bardo, 
Joar  N  Y  R  B  Club,  1903,  Dec,  a  train  of  60  cars,  with  50  cuts, 
r^iuires  by  push  and  pull,  2  hours ;  by  poling,  1  hour,  15  mins ;  by 
bump,  30  mins. 

58.  Grades  of  hump  yards  depend  chiefly  upon  the  ay  and 
max  car  resistances  (usually  greater  in  empty  than  in  loaded  cars) 
per  unit  of  weight;  which,  in  turn,  depend  upon  length  of  time 
cars  haye  been  standing;  upon  temperature  (the  resistances  being 
greater  in  cold  weather)  ;  upon  preyailing  wind  direction,  or  that 
of  probable  max  winds;  and  upon  condition  of  track,  including 
curyature.     See  Train  Resistance,  pp  1057,  etc. 

54.  In  the  following  table,  the  first  line  glyes  the  recom- 
mendations of  the  Am  By  B2ng  Assn  Manual,  1911.  The  others 
(from  By  Age  Gaz,  1912  Aug  9,  pp  236-9)  giye  max,  ay  and  min 
yalues  reported  by  Mr.  Shelby  Sauney  Boberts,  representing  about 
thirty  hump  yards.    The  grades  are  ^yen  in  ft  per  lOO  ft. 


First  grade  from  summit 

ladders 

classiflcatn  yard 

Am  By  Eng  Assn                 8.00 

S.  S.  Boberfa  Max                  4.00 

"       Ay                     2.66 

"       Mln                   1.00 

1.00 
1.75 
0.97 
0.50 

0.50 
1.00 
0.80 
0.00 

55.  Seasonal  changes.  In  order  to  compensate  for  the  markt 
differences  In  resistance,  due  to  temperature,  hump  grades  are 
sometimes  ehanged,  either  by  re-grading  the  hump  portion  of  the 
track  twice  each  year,  or  by  proyiding  two  humps,  slde-by-side ;  a 
steeper  one  for  winter  use,  and  a  flatter  one  for  summer  use ;  but 
the  steeper  hump  may  be  adyantageously  used  in  summer  for  hard- 
running  empties.    For  a  third  method,  see  next  H. 

86.  The  mechanical  hump,  designed  by  Mr.  A.  W.  I^pright 
scale  Inspector,  Penna  B  B,  consists  essentially  of  a  short  two-span 
girder  bridge,  the  middle  support  of  which  may  be  ralsd  or  lowerd 
by  means  of  jacks,  and  then  neld  at  the  desired  height  by  blocks.  In 
one  Installed  at  West  BrownsylUe  June,  Monongahela  Diy,  each 
span  is  about  20  ft,  and  the  central  support  moyement  Is  about 
8  ins. 

67.  After  passing  over  the  hump,  It  in  usually  desirable  to 
pass  the  car  oyer  a 

S8.  Track  Seate.  Until  quite  recently,  yery  little  attention 
appears  to  haye  been  glyen  to  the  design  of  track  scales,  with  the 
result  that  they  haye  oeen  rather  delicate  affairs  likely  to  get  out 
of  order,  and  to  giye  erroneous  readings.  I/ster  efforts,  howeyer, 
have  produced  much  more  satisfactory  machines,  altho  they  do  not 
appear  to  haye  been  generally  standardized.  They  are  essentially 
large  weighing  machines,  on  the  platform  of  which  the  track  is 
laid. 

69.  Ditflcultiee  that  obtaind  haye  been  listed  as  follows  by 
a  conamlttee  of  the  Am  By  Bridge  &  Bldg  Assn. 

Cariessness  of  weigher;  Improper  balance,  another  car  partly  on 
scale.     Weakness  of  scale;  deflection  of  scale  bridge  or  leyers. 

Mlsc  :  deck  binding,  rails  binding,  broken  castings  or  bearings,  dull 
bearings,  bearing  feet  resting  on  angle  irons,  insuff  clearance  betw 
feet  and  scale  timbers,  leyers  out  of  line  or  loose,  and  foreign  mat- 
ter in  friction  with  leyers  or  scale  parts.     See  also  ff  63. 

Many  of  these  troubles  are  due  primarily  to  Insufllclently  firm 
foundations. 

90k  Dead  rails.  To  ayold  unnecessary  wear  of  scales,  locos 
and  cars  not  requiring  to  be  weighd  may,  as  either  approaches  the 
scale,  be  switcht  across  the  scale  pit.  on  a  pair  of  "dead  rails,"  laid 
parallel  with  the  weighing-rails  and  about  six  ins  from  them,  but 
supported  rigidly  on  posts  which  pass  do^ifn  thru  the  scale  without 
toucbing  It  an4l  rest  upon  the  scale-pit  foundations;  but  modem 
trmck   scales  are  sufllclently  strong  to  carry  all  the ^tr^^<^ without 
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injury;  and  dead  rails  are  going  out  of  use,  all  cars  and  locos 
passing  over  the  weighlug-tracks.  The  dead  rails  endanger  the 
trackmen,  whose  feet  may  be  caught  betw  them  and  the  welgblng- 
ralls,  and  their  supports  obstruct  access  to  the  scale  mechanism. 

61.  ''Bridge-rails."  The  weighing-rails  are  sometimes  con- 
nected with  the  flxt  rails,  at  each  end  of  the  scale,  by  short  rail 
lengths,  pivoted  to  each.  These  not  only  obviate  the  blow  caused 
when  a  wheel  Jumps  the  gap  betw  the  ends  of  the  flxt  and  the 
weighing  rails,  but  also  transfer  the  load  more  gradually  to  the 
scale. 

62.  Relieving  gear.  The  Penna  R  R  has  employed  a  device, 
patented  by  Mr.  A.  W.  Epright.  and  consisting  of  a  system  of  tog- 
gles and  pistons,  operated  by  either  air  or  water,  and  under  control 
of  the  weighmaster  by  means  of  a  three-way  valv,  by  means  of 
which,  in  a  second,  betw  the  passage  of  any  two  cars,  the  load  of 
the  scale  and  any  following  car  may  at  pleasure  be  taken  by  the 
toggles,  or  restored  to  the  scale  levers. 

63.  Binding  of  platforms  has  been  a  frequent  source  of 
trouble  and  may  be  prevented  by  careful  construction,  by  prevent- 
ing inward  bulging  (as  by  frost)  of  the  pit  sides,  and  by  so  bevel- 
ing the  opp  faces  that  the  space,  betw  them,  widens  downward,  in 
oraer  that  objects,  falling  into  the  space,  shall  not  wedge  and  bind. 
Rail  ends,  even  when  properly  secured  against  creeping,  are  apt  to 
bind,  under  temperature  changes ;  but  this  may  be  prevented  by  in- 
serting switch-points  in  the  rails  near  the  scale  ends. 

64.  The  scale  length,  if  each  car  to  be  weighd  is  to  be  stopt 
("spotted")  on  the  scale,  should  be  about  the  length  of  the  long^ 
car.  If  cars  are  to  be  weighd  in  motion,  as  they  run  over  the  scale. 
the  scale  length  should  be  about  one-third  greater. 

65.  Testing.  Scales  should  be  tested  periodically,  say  every 
few  months,  by  running  over  them,  and  stopping  on  them  at  various 
points,  special  loaded  test  cars  of  known  weight.  Preferably,  the 
weights  should  be  adjustable.  In  order  to  see  whether  the  indica- 
tions of  the  scale  are  trulv  proportional  to  the  load,  for  all  weights 
likely  to  come  upon  it  Many  railroads  have  special  cars  for  this 
purpose. 

66.  Drainage,  heating  and  lighting  of  the  scale  pit  are  all 
desirable  to  prevent  damage  by  water  and  by  freesing,  and  to  facili- 
tate inspection  and  adjustment 

67.  8peed  of  weighing.  The  velocity  of  the  cars  over  the 
scales,  while  being  weighd,  may  vary  between  zero  and  6  or  8 
miles/hr,  about  4  miles/hr  being  usual.  It  is  usually  practicable 
to  weigh  several  cars  per  mln ;  but  the  time  required,  per  car,  may 
range  from  several  mins,  down  to  abt  8  sees,  tho  this  high  rate 
can  seldom  be  malntaind  continuously. 

68.  Classlfylnflr*  As  the  cars  are  en t  off  from  the  train, 
and  as  they  pass  over  the  hump,  the  switchmen  must  know  for 
which  track  each  cut  is  destind,  in  order  that  they  may  set  the 
switches  properly ;  and  the  brakeman  of  each  cut  must  know  this 
also,  in  order  that  he  may  properly  control  the  8i)eed  In  passing 
around  the  switch  and  in  coupling  on  to  any  cars  ahead.  Some- 
times the  destination  is  chalkt  upon  the  car  bodies;  sometimes  (es- 
pecially at  night)  the  brakeman  Informs  the  switchman  by  means 
of  arbitrary  signals. 

60.  The  **cut  list,"  recommended  by  the  Am  Ry  Bhig  Assn. 
Supplement  of  1913.  Manual  of  1911,  consists  of  two  or  more  dupli- 
cate lists,  giving  (1)  the  number  (1st  2nd,  3rd,  etc)  of  the  cot, 
(2)  the  number  of  the  track  to  which  the  cut  is  destind,  and  (3) 
the  number  of  cars  in  the  cut.  A  copy  of  the  list  is  given  to  each 
switchman  concernd  and  (if  thought  necessary)  a  copy  to  the 
brakeman  of  each  cut. 

70.  Yard  swUches  (Am  Ry  Bng  Assn.  HannaL  1911)  for 
ladder  tracks  should  have  frogs  not  sharper  than  No.  8.  See  also 
f  &7  (Ladders)   under  Turnouts,  p  871. 
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71.  Switch  operation.  The  operation  of  each  switch  by  a 
lever  placed  at  the  switch,  in  the  yard,  is  cheap  in  instailation,  but 
expensiy  in  operation,  and  inefficient  in  a  large  yard,  as  compared 
with  control  of  numerous  switches  from  a  single  switch  tower  by 
means  of  tbe  usual  switch  and  signal  operating  equipments.  See 
Signals,  pp  985,  etc. 

72.  Curvature  compensation.  As  grades,  on  the  line,  are 
reduced  on  curvs,  to  facilitate  hauling  upgrade  by  locos,  so  they 
are  increast  on  curvs  in  gravity  yards,  to  nid  gravity  in  getting  the 
cars  around  the  curvs.  See  ft  41,  under  Train  Realstance,  p  1062. 
Mr.  H.  M.  North,  of  the  L  S  &  M  B  Ry,  recommends  an  increase  of 
about  0.05  ft  per  100  ft  (1/20  of  one  per  cent)  for  each  degree 
of  sharpness. 

73.  Ladder  tracka  are  those  containing  the  switches  leading  to 
the  several  classification  tracks  (H  74).  In  small  yards,  one  ladder 
track  suffices ;  but  ordinarily  space  Is  wasted  when  more  than  8  or 
10  tracks  are  taken  from  one  ladder,  and  it  is  then  advisable  to 
use  two  or  more  ladders.  See  also  "Ladders,"  f  57,  under  "Turn- 
outs," p  871. 

74.  Claaalflcatlon  tracks  are  long  parallel  tracks,  onto  which 
cars  are  run  from  the  ladders.  In  general,  each  classification  track 
represents  a  diff  route  or  destination  or  purpose,  of  train.  Thus, 
track  No  1  may  be  used  for  cars  destind  for  the  M  R  R,  track 
No  2  for  cars  of  the  N  R  R,  and  so  on ;  or  track  No  1  for  cars 
bound  for  station  P,  track  No  2  for  station  Q,  etc,  one  train  being 
subsequently  made  up  bv  taking  the  cars  successivly  from  tracks 
1,  2,  etc,  in  such  order  that  they  may  be  cut  off  at  stations  P,  Q, 
etc,  as  the  train  proceeds,  and  without  re-shifting ;  or  track  No  1 
may  be  reservd  for  a  regular  train,  to  leav  at  a  specified  time: 
track  No  2  for  a  special  train  ;  track  No  3  for  empties,  to  be  re- 
turned when  enough  of  them  have  accumulated  to  form  a  train ; 
etc,  etc. 

75.  Secondary  clnMaiflcation  yards  are  used  where  the  desired 
classification,  especially  as  regards  the  order  of  the  stations,  can- 
not be  attaind  in  the  main  classification  yard.  Such  a  yard  is  con- 
veniently placed  beyond  the  main  classification  yard,  and  mav  have 
a  "hump"  of  its  own.  These  yards  are  called  also  ^^reolaaaification 
jfordB,"  "station-order  shifters,"  or  "grouping  yards.** 

7A.  Capacities  of  classification  tracks.  No  such  track  need  be 
longer  than  the  longest  train  to  be  assembled.  Indeed,  if  they  be 
made  somewhat  shorter,  the  occasional  slight  inconvenience  of 
having  to  make  up  a  train  from  cars  on  two  tracks  is  usually  more 
than  compensated  by  time  saved  in  dropping  cars  into  places  from 
the  hump,  in  the  return  of  brakemen,  and  in  general  communication 
and  operation. 

77.  Spaclngr  of  yard  tracks.  Recommendation  of  Am  Ry  Bng 
Assn,  Manual,  1915  ;  c  toe,  min  ;  body  tracks  (main  tracks  of  classfn 
yard)  13  to  14  ft;  ladder  track  and  first  body  track,  15  ft  from  any 
adjacent  track.  Min  spacing  must  enable  men  to  see  signals  and 
to  avoid  colliding  with  electric  light  poles,  etc. 

78.  Car  riders,  car  droppers,  or  brakemen.  One  "cut"  seldom 
contains  more  than  five  cars,  even  when  more  than  five  are  bound 
for  the  same  place..  Each  cut  is  (or  should  be)  controld  by  a 
brakeman,  from  the  hump  to  near  its  destination.  The  return  of 
the  men  to  the  hump  involves  fatigue  and  loss  of  time  if  they 
walk,  and  expense  if  they  are  carried.  Their  transportation  may 
be  effected  by  means  of  an  old  light  loco  with  a  car,  or  by  gasoline 
inspection  or  electric  cars.    Moving  sidewalks  have  been  suggested. 

Forwardlnn:  Yards. 

70.  The  forwarding  yard  is  placed  beyond  the  classifn  yards. 
Each  of  its  tracks  should  be  as  long  as  the  longest  train.  Often 
two  or  more  trains  can  be  accommodated  on  one  track,  especially  if 
croaa-overs  are  provided.  Comprest-air  pipes  should  be  provided, 
for    testing   brakes   while  loco  and   caboose   ar^  |)^i^^2R3^1®d   up. 
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Thorofare  tracks,  thru  or  alongside  the  yard,  permitting  free  and 
rapid  movement  of  locos  and  cabooses,  aroand  and  to  the  trains. 
should  be  provided. 

Illmmliiatloii. 

80.  Am  Ry  Eng  Assn,  Manual,  1911.  recommends,  for  hump  and 
ladder  track&  arc  lights  of  2,000  candle  power  each,  28  ft  or  more 
above  ground,  and  140  to  150  ft  apart.  Other  authorities  recom- 
mend lights  of  lower  c  p,  with  closer  spacing.  The  use  of  reflectors 
or  lenses,  and  of  shields,  etc,  to  direct  the  light  efflciently,  appears 
to  be  worthy  of  much  more  careful  study  than  it  has  usually 
receivd. 

81.  When  the  main  bodv  tracks  are  not  illuminated,  a  light  may 
be  left  at  the  rear  of  each  collection  of  cars,  and  shifted  oack  to 
the  rear  of  each  new  "cut"  added. 

STATIONS* 
Freight  StattOBS. 

82.  Transfer  stations.  As  the  classification  yard  serves  for  the 
rearransement  of  the  cars  in  trains,  so  the  transfer  station  servea 
primarily  for  rearranging  the  contents  of  cars  among  the  diff  cars, 
transfering  it  from  any  one  car  to  any  others,  over  platforms  ad- 
jacent to  tracks  upon  which  the  cars  are  run.  The  platforms  are 
preferably  placed  Hush  with  the  floors  of  box  cars,  in  order  that 
trucks  may  readily  be  wheeld  over  planks  laid  across  the  gap  betw 
car  and  platform.  Storage  space  (preferably  coverd)  should  be 
provided,  on  the  platforms,  to  recelv  goods  for  which  ears  are  not 
ready. 

83.  Mechanical  handling  (electric  trucks,  telfers,  traveling 
platforms,  etc)  is  economical,  both  in  transfer  and  general  freight 
work,  in  large  stations,  if  sufficiently  flexible  and  not  too  cumbroua. 
"Where  large  amounts  of  freight  arc  to  be  transferd,  the  use  of 
power-driven  coverd  traveling  platforms  is  recommended,'*  Am  Ry 
Eng  Assn  Manual,   1911,  p  401. 


Fig.  9, 
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84.  Frclirht  Yards  and  Stations.  The  track  layout  is  DSiUiny 
a  mere  series  of  pairs  of  parallel  tracks,  merging  into  one  or  more 
tracks  from  the  main  line  or  a  classification  yard,  with  spaces  betw 
them,  for  teams  or  for  platforms,  as  in  Fig  9,  the  yards  being  open 
and  the  stations  usually  coverd.  In  stations,  to  save  space,  the 
main  feeding  track  is  often  run  diagonally  tliru  the  building,  and 
■     '*  are  taken  oflJ  as  spurs  in  both  directions,  ar 


the  loading  tracks  are _    . 

what  as  Indicated  in  Fig  10.  "Inbound  freight-houses  shoald 
have  a  floor  space  of  50  ft  width  If  practicable ;  out-bound,  25  ft.** 
Am  Ry  Eng  Assn. 

*The  Am  Rv  Eng  Assn  defines  a  terminal  as  "An  assemblage  of 
facilities  provided  by  a  ry  at  a  terminus  or  at  intermediate  points 
on  its  line  for  the  purpose  of  assembling,  breaking  up  and  relaying 
trains."  To  avoid  confusion,  however,  we  have  zefraind  from  usinar 
the  word  "TerminaV*  (except  as  below),  and  have  used  "BftUm** 
A  station  that  is  not  a  thru  station  we  call  a  "Terminut^*  (plural 
"Termini"),  or  a  "Terminal  Station."  Digitized  by  L^OOglC 
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85.  Modem  trelfflit-handllng;  devices  permit  economy  in 
space  by  making  it  possible  to  build  stations  two  or  more 
stories  in  tieight;  one  story  for  inbound  freight,  another  for  out- 
bound, and  others  for  storage,  etc. ;  freight  being  transferd,  upon 
and  betw  stories,  by  hieans  of  traveling  platforms,  barrel-hoists, 
belt-conveyors,  elevators,  and  (for  downward  movements)  straight 
or  spiral  shutes  for  non-fragile  pieces,  all  In  addition  to  the  freight- 
handling  devices  referd  to  under  Mechanical  handling,  V  83. 

The  freight  yard  should  have  a  traveling  or  otner  crane,  for 
heavy  pieces :  and  special  apparatus  (as  cram-shell  bucket-hoists 
for  coal,  grain  elevators,  etc)  where  much  of  one  commodity  is  to 
be  handled. 

Se.  For  team  delivery  yards.  Am  Ry  Eng  Assn  (Manual,  1011, 

f»  398)  recommends  stub  tracks  in  pairs,  12  ft  c  to  c  of  tracks,  and, 
f  practicable,  not  less  than  30  ft  c  to  c  of  pairs;  tracks  not  more 
than  20  cars  capacity;  ingress  and  egress  for  teams  at  each  end 
of  each  teamway ;  power  crane,  wagon  scales  and  track  scale. 

Paiwenser  Statloiui* 

87.  Ctonenil.  Some  of  the  major  points  to  be  observd  in  sta- 
tion design  are : — getting  passengers,  baggage  and  express  to  and 
from  the  trains  with  a  minimum  of  delay  and  confusion,  and,  in 
termini,*  getting  the  loco  out  of  the  way,  tumd  around,  waterd 
and  coald,  and  re-coupled  to  the  train;  also  car  cleaning,  etc. 
Some  car  cleaning  can  be  done  in  the  station. 

88.  Platform*.  To  expedite  the  handling  of  passengers  and 
baggage,  It  is  recommended  by  the  "Yards  and  Terminals  Commit- 
tee*^ of  the  Am  Ry  Eng  Assn.  1911  March,  that,  if  baggage  plat- 
forms cannot  well  be  provided  in  addition  to  passenger  platforms 
on  the  same  level,  the  baggage  be  transferd  to  and  from  another 
level  by  means  of  elevators  so  located  as  to  keep  it  ofP  the  plat- 
forms as  much  as  possible. 

89.  Ramps,  or  inclined  passageways,  as  substitutes  for  stair- 
ways, greatly  facilitate  the  movement  of  passengers  In  stations, 
and  reduce  liability  to  accident  at  rush  hours.  The  Y  &  T  Comm, 
Am  Ry  Eng  Assn,  Mar  1011,  recommends  a  grade  not  exceeding 
1%  ;  but  considerably  steeper  grades  aire  successfully  used.  The 
surface  must  be  sufficiently  rough  to  avoid  danger  of  slipping. 

•O.  Lanes  of  traveL  Often  much  can  be  done  to  reduce  congea- 
tion  in  the  layout  of  the  station  and  passageways,  by  preventing 
crossing  of  lines  of  travel  of  passengers,  keeping  such  lines  parallel 
as  far  as  possible. 

91.  Future  requirements.  Owing  to  the  difficulty  and  expense 
involvd  in  reconstructing  a  large  station  when  its  traffic  begins  to 
exceed  its  capacity,  the  requirements  of  the  future  should  be  esti- 
mated for  20  years  ahead,  if  possible,  and  provided  for  in  the 
design  of  the  station. 

92»  Lttutge  vs  nvmerons  sntaller  stations  in  large  cities. 
Handling,  at  a  single  station,  all  or  most  of  the  passenger  traffic 
of  a  ry  at  a  large  city,  necessitates,  on  an  average,  a  long  Journey 
to  reach  or  leav  the  station,  and  much  walking  in  the  necessarily 
large  station  itself,  to  reach  or  leav  the  trains;  and  the  altema- 
tiv  of  several  smaller  stations  thniout  the  city,  along  the  line,  has 
been  suggestd  (as  by  Mr.  Pred  A.  Delano.  Pres  Wabash  Ry),  even 
at  the  expense  of  some  added  time  for  additional  stops  of  express 
trains. 

*The  Am  Ry  ESng  Assn  defines  a  terminal  as  "An  assemblage  of 
facilities  provided  by  a  ry  at  a  terminus  or  at  intermediate  points 
on  its  line  for  the  pufpose  of  assembling,  breaking  up  and  relaying 
trains."*  To  avoid  confusion,  however,  we  have  rerraind  from  using 
the  word  "Terminal"  (except  as  below),  and  have  used  "Station/* 
A  station  that  is  not  a  thru  station  we  call  a  ''Terminus*'  (plural 
"Terffifni").  or  a  "Terminal  Station."  Digitized  by\jOOgle 


1008 


RAILBOADS. 


^Baggngt  tmd  Btpntt  Platform 
'     /  ^VUvator 


,O»0ek  Cltantm§  Tard 
18' 


StrMt  Levtlfar  Uajga^ 
Mail  and  Expr—a. 


Fig.  11- 


03.  Plnn.    Fig  11  Is  a  layout  for  a  passenger  terminal  station,  as 
recommended  by  a  Comm  of  the  Am  Ry  Engg  Assn,  March  1911; 


Flff.  12. 

and  Fig  12  a  station  of  the  thru  type.  In  the  terminal  station,  two 
levels  are  proposed,  one  for  passgrs  and  one  for  baggage  and  ex- 
press, together  with  a  simple  and  comprehenslv  arrangement  of 
ladder  tracks,  with  car  cleaning  yard  adjacent.  This  Ideal  ar- 
rangement would,  of  course,  usually  have  to  be  alterd.  on  account 
of  local  restrictions.  In  the  plan  for  the  thru  station  it  will  be 
noted  that  the  two  main-line  tracks  divide  into  6  In  all.  affording 
two  thru  tracks  In  the  middle  (without  deviation  from  their 
course),  and  two  platform  tracks  (with  an  island  platform  ^tw 
them)  on  each  side,  thus  giving  ample  loading  and  unloading 
facilities,  without  delaying  trains  not  scheduled  to  stop  at  the 
station. 


P] 
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©4.  Study.  Fig  13  shows  part  of  a  diagram  recording  the  occu- 
»ancy  of  the  several  tracks  of  the  I'enna  R  R  at  Broad  St  sta. 
''hila.    (Mr.   B.   B.   Temple,  Asst   Chf  Engr)    during  a  given  period 

Digitized  by  LjOOQ  IC 


STATION    LAYOUTS. 


1009 


FlK.  14. 


(4:00  to  4:30  p  m,  Jan  18,  1912;  only  6  tracks  shown).  The 
entire  diagram  included  the  16  tracks  of  the  station,  and  coverd 
the  period  from  4  to  6  p  m.  Similar  dla^^rnms  showd  the  conditions 
existing,  during  the  same  period,  on  portions  of  the  yard.  The 
several  tracks  are  laid  off  to  vert  scale,  end  gto^dfeiM?  their  inner 
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ends  down.  The  rert  spread,  allotted  to  each  track,  represents  the 
length  to  which  It  may  be  occupied  without  fouling  more  than  one 
line.  Cars  and  locos  are  plotted  as  rectangular  areas.  The  Tert 
dimensions  of  the  rectangles  represent  the  lengths  of  track  occu- 
pied by  cars,  etc ;  the  vert  positions  of  the  rectangles  represent  the 
Sositions  of  the  cars,  etc,  on  the  seyeral  tracks;  and  their  hor 
imensions  and  positions  represent  the  periods  during  which  the 
several  tracks  were  so  occupied.  In  practice,  arriving  and  depart- 
ing trains  are  distinguisht  by  dlffs  of  shading  of  these  rect- 
angles ;  and  kinds  of  cars  and  of  locos  by  initials,  as  by  **R.E.*'  for 
"road  engine."  Similar  diagrams  have  been  used  by  the  Belgian 
State  Raflways  and  at  the  Camden  station  of  the  Balto  &  Ohio  Ry 
at  Baltimore. 

95.  Fig  14,  p  1009,  rei^esents  a  "JxuikAn"  station,  A  train, 
bound  for  the  sta,  coming,  say,  from  A,  proceeds  first  to  B,  and 
then  backs  in  to  the  sta,  as  at  C;  thus  enabling  the  loco  to  be 
promptly  releast. 

09.  Speed  of  handUns  traliiii  at  termini  depends  largely  upon 
the  facilities  provided  for  the  rapid  handling  of  locos,  pasagrs  and 
'  -  *  •  ••  of  the  ti    -- 


_  .  ,  and  for  cleaning  cars,  and  upon  the  nature  of  the  traflic 

and  of  the  motiv  power.  Comparing  26  large  American  passgr  stas 
the  Y  &  T  Comm,  Am  Ry  Eng  Assn  (Eng  News  1911,  Apr  6,  p414), 
found  that  the  number  of  trains  actually  handled  during  the  busi- 
est hour,  ranges  from  1  to  3.5  per  av  track  (including  movements 
on  tax  tracks),  and  from  2  to  8  on  the  l»uie9t  track;  wtiile  esti- 
mated possibilities  ranged  from  2  to  12.  Some  of  the  higher  fig- 
ures were  those  of  thru  stations. 

97.  Bleetrfe  operation  of  trains  greatly  facilitates  their  rapid 
movement  in  termini,  inasmuch  as  the  motiv  power  need  not  leave 
the  sta,  or  change  its  position,  for  reversal  of  loco  or  train,  or  for 
supplies.  The  tracks  and  yard  are  thus  left  largely  free  for  com- 
plete train  movements. 

98.  Rapid  transit  termini  are  frequently  arranged  with  one  or 
more  loop  tracks,  around  which  the  trains  may  be  run  without 
reversal  of  loco  or  motorman.  This  is  often  practicable  with 
rapid  transit  equipment,  which  can  readily  turn  sharp  cvrvs,  and 
a  very  large  tract  of  ground  Is  therefore  not  necessary  for  the 
loop. 
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Water  Statloiuk 

Wnier  staf  lona  Are  points  along  a  railroad,  at  which  the  enginefl  8t/>p  to 
cake  in  water.  Tbelr  dliitanee  apart  varies  (like  that  of  the  fuel  sta- 
tions, which  accompany  theni,)  from  about  6  miles,  on  roads  doioK  a  vory  liirire 
business:  to  15  or  20  miles  on  those  which  run  but  few  trains,  ^uch  depends, 
however,  upon  whtire  water  can  be  hsd.  It  has  at  times  to  be  conducted  ia 
pipes  for  2  or  3  miles  or  more.  The  object  in  havioK  them  near  together  is  to 
prevent  delay  from  many  engines  beiug  obliged  to  use  the  itame  station.  To 
prevent  interruption  to  travel,  they  are  frequently  placed  upon  a  side  track. 
A  supply  of  water  is  kept  on  hand  at  the  station,  usually  in  large  wooden  tube 
or  tantcs,  enclosed  in  frame  tank-houses.  The  tanK-house  stands  near  the  track, 
leaving  only  about  2  to  4  feet  clearance  for  the  cars.  It  is  two  stories  high;  the 
tank  being  in  the  upper  one ;  and  having  its  bottom  about  10  or  12  feet  above  the 
rails.  In  the  lower  story  is  usually  the  pump  for  pumping  up  the  water  Into  the 
tank;  and  a  stove  for  preventing  the  water  from  freezing  in  winter. 

The  tanks  are  usually  circular;  and  a  few  inches  greater  in  diameter  at  the 
bottom  than  at  the  top,  so  that  the  iron  hoops  may  drive  tight.  Tlieir 
eapaetty  generally  varies  from  6000  to  40000  gallons,  (rarely  80000  or  tuorej 
dependinic  on  the  number  of  engines  to  be  supplied.  A  t<ender-tanlK  holds 
from  8000  to  7000 gallons;  and  an  enslne  evaporates  from  20  to  150  gat- 
Ions  per  mile,  depending  on  the  class  of  engine;  weight  of  train ;  steepness  of 
grade,  Ac.  Perhaps  40  gallons  will  be  a  tolerably  full  average  for  passenger,  and 
80  for  freight  engines.  Tbe  followiniT  Ar®  the  contenta  of  tanks 
of  different  inner  diameters,  and  depths  of  water.  U.  8.  gallons  of  231  cubio 
inches;  or  7.4805  gallons  to  a  cubic  foot. 


Depth. 

Contents. 

Dlam. 

Depth. 

Contents. 

Ft. 

FU 

Gallons. 

Cub.  Ft. 

FU 

Ft. 

Gallons. 

Cub.  Ft 

12 

8 

6767 

905 

24 

12 

40607 

5429 

14 

9 

10363 

1385 

26 

51628 

6902 

16 

9 

13535 

1810 

28 

64481 

8621 

18 

10 

19034 

2545 

ao 

79310 

10603 

20 

10 

23499 

3142 

32 

962.13 

12868 

22 

11 

81277 

4181 

34 

115451 

15435 

Cypress  or  any  of  the  ptnes  answer  very  well  for  tanks.  The  stavea 
may  be  about  214  inches  thick  for  the  smaller  ones;  to  4  or  6  inches  for  the 
largest.  The  bottoms  may  be  the  same.  The  staves  should  be  planed  by  ma- 
chinery to  suit  the  curve  precisely.  Nothing  is  then  needed  between  the  stavea 
to  produce  tightness.  A  single  wooden  oowet  is  inserted  between  each  two  near 
the  top,  nierelv  to  hold  them  in  place  while  being  put  together.  The  bottom  ia 
dowelled  together ;  and  simply  Inserted  into  a  groove  very  accurately  cut,  about 
an  inch  deep,  around  the  inner  circumference  of  the  tub,  at  a  few  inches  above 
the  bottoms  of  the  staves. 

One  of  20  feet  diameter,  and  12  feet  deep,  may  have  9  hoops  of  good  Iron ;  placed 
several  inches  nearer  together  at  the  bottom  of  the  tank  than  at  the  top.  Their 
width  3  inches;  the  thickness  of  the  lower  two, i^inch ;  thence  gradually  dimin- 
ishing until  the  top  one  Is  but  half  as  thick.  The  lower  two  are  driven  close 
togctlier.  These  dimensions  will  allow  for  the  rivet-holes  for  riveting  together 
the  overlapping  ends;  and  for  a  moderate  strain  in  driving  the  hoops  firmly 
into  place.  Three  rivets  of  ^  inch  diameter,  and  3  inches  apart,  in  line,  are 
sufficient  tor  a  joint  of  a  lower  hoop.  One  of  84  feet  diameter,  17  deep,  may 
have  12  hoops;  the  lower  ones  4  inches  by  ^;  with  three  ^-inch  rivets  to  a 
lower  hoop-Joint. 

The  bottom  planks  of  the  tank  must  bear  firmly  upon  their  supporting  Joists, 
or  bearers. 

A  tank  must  have  an  inlet-pipe  bv  which  tlie  water  may  enterit;  a  wast-e* 
pipe  for  preventing  overflow;  and' a  dlseharee  or  feed-pipe  7  or  8 
fncnes  diameter,  in  or  near  the  bottom;  through  which  the  water  flows  out  to 
the  tender.  The  inner  end  of  the  discharge-pipe  is  covered  by  a  valve,  to  be 
opened  at  will  by  the  engine  man,  by  means  of  an  outside  cord  and  lever.    To 
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Us  outer  ocd  1b  generally  attached  a  flexible  canvas  and  gnm-elastlo  hose  aboal 
7  or  8  inches  diameter,  and  8  or  10  feet  long,  through  which  the  water  enters  lh« 
tender-tank.  Or,  instead  of  a  hose,  the  fera-pipe  may  be  prolonged  by  a  meta^ 
lie  pipe,  or  nozzle,  suflicfently  long  to  reach  the  tender;  and  so  Jointed  as.  wliek 
not  in  use,  lo  swing  to  one  side,  or  to  be  raised  to  a  vertical  position,  (in  the  iasi 
case  it  is  called  a  drcp^)  so  as  not  to  be  in  the  wav  of  passing  drains. 

The  same  tank  may  supply  two  engines  on  alfferent  tracks,  at  once.  The 
tanks  are  very  durable. 

The  patent  frost^proof  tank  of  John  Bamliam,  BatariSi 
Illinois,  Is  simply  an  ordinary  tank,  in  which  the  water  is  prevented  ttfxm. 
freezing  by  means,  1st,  of  a  circular  roof  which  protects  a  ceiling  of  Joists,  be- 
tween which  is  a  layer  of  moriar :  2d,  by  an  air-space  obtained  by  a  similar  ceil- 
ing beneath  the  timbers  on  which  the  tank  rests.  Although  the  sides  are  eo' 
tirely  unprotected,  no  house  is  necessary ;  but  merely  strong  posts  and  beamr 
on  a  stone  foundation,  for  the  support  of  the  tank.*  The  supply  pipes  are  i& 
boxes  made  of  boards  and  tar-paper. 

Tanks  are  flreqnently  made  rectanirnlAr*  with  vertical  sides  of 
posts  lined  with  plank,  and  braced  across  iu  both  directions  by  iron  roda.  They 
are  more  apt  to  leak  tban  circular  ones.  They  have  been  made  of  Iron ;  but 
wood  seems  to  be  preferred. 

The  water  for  snpplylnar  the  tankM,  may  be  pumped  by  hand,  steam, 
bone,  wind,  hydraulic  ram,  or  otherwise,  from  a  running  stream;  from  a  pona 
made  by  damming  the  stream  if  very  small  or  irregular;  from  a  cistern  below 
the  tanx;  or  from  a  common  well.  Many  roads  doing  a  business  of  10  or  12 
engines  daily  in  each  direction, depend  euiirely  upon  wells;  and  pump  by  hand; 
generally  two  men  to  a  pump.  Those  duint;  a  very  large  business,  when  the 
supply  cannot  be  obtained  by  gravity,  mostly  use  steam.  The  windmill  is 
the  most.ecouomlcal  power;  and  when  well  made,  is  very  little  liable  to  get  out 
of  order.  Of  course  it  will  nut  work  during  a  calm;  but  this  objection  may  be 
obviated  in  most  cases  iiy  having  the  tanks  large  enough  to  hold  a  supply  for 
several  days.     Steam,  however,  is  most  reliable. 

The  follon  Inir  table  will  give  some  idea  of  the  power  required  In 


a  steam  enclne  for  the  pnmpingr.  In  orderinc  an  engine,  specify  not 
r  of  Tiorse-powers,  but  the  number  of  gallons  It  must  raise  in  a  given 


its  number  ( 


number  of  hours,  to  a  given  height;  with  a  given  steam  pressure  (say  about  60 
to  80  &>s  per  square  Inch.)  The  pump  should  besufficientlv  powerful  not  to  have 
to  work  at  night ;  and  should  be  capable  of  performing  at  least  25  per  cent,  more 
than  its  required  duty. 

A  Ifoir  averaire  horse  should  pump  In  8  honrs  the  quantities 
contained  in  the  first  3  columns;  tu  the  height  in  the  4th  column ;  or  sufficient 
to  supply  the  number  of  locomotives  in  the  5th  column,  with  about  2000  gsllona 
each.    Two  men  should  do  about  one-third  as  much. 


CubwPt. 

LIM. 

Gsla. 

HuFt. 

No.  of 
Loom. 

c«b.rfe. 

Um. 

Oolo. 

RkVi. 

No.  or 
Loeoo. 

1000 

100000 

11968 

100 

6 

4571 

285714 

84194 

85 

17 

2000 

125000 

14960 

80 

7^ 

5S88 

833888 

89898 

80 

20 

2667 

166666 

19946 

60 

10 

6400 

400000 

47872 

25 

84 

8200 

200000 

2»936 

60 

12 

8000 

600000 

69840 

20 

90 

8555 

222222 

26596 

45 

13i,< 

10667 

666(}67 

79787 

15 

40 

4000 

260000 

29920 

40 

16 

16000 

1000000 

119680 

10 

60 

A  reservoir,  with  a  stand-pipe,  or  water  eolumn,  is  preferable 
to  the  ordinary  tank,  when  the  locantv  admits  of  It;  being  less  liable  than  ibi 
pump  to  get  out  of  order;  and  being  cheaper  in  the  end.  The  reservoir  is  sup 
posea  to  be  filled  by  water  flowing  into  it  by  gravity ;  and  to  have  its  bottom  mi 

*  The  cost  of  windmill  alone,  for  railway  stations,  varies  from  about  H50  lur 
18  feet  diameter;  to  81500  for  36  feet  diameter,  at  factory. 


Digitized  by  CiOOg  IC 


WATER  STATIONS. 


1013 


least  about  8  fcet  aboTe  the  rails;  or  at  any  greater  height  whatever  that  the 
ground  and  the  height  of  the  water  may  require.  It  may  be  excavated  in  the 
ground;  lined  with  brick  or  masonry  in  cement;  with  a  bottom  of  concrete: 
or  it  may  be  built  above  ground,  according  to  the  locality.  It  may  be  roofed 
and  covered  in,  or  not;  and  it  may  be  near  the  tracks,  or  at  a  considerable  dis- 
tance from  them,  according  to  circumstances.  From  iu  bottom,  an  iron  i>i|M' 
from  8  to  12  inches  diameter,  is  carried  (generally  underground,)  to  within  a  few 
feet  of  the  track.  At  that  point  it  turns  vertically  upward  to  about  8  or  10  feet 
above  the  track,  forming  a  stand-pipe,  or  water-colamn;  from  the 
upper  end  of  which  the  water  flows  (through  either  a  hose  or  a  Jointed  nozzle,) 
as  In  the  case  of  a  tank.  Several  such  pipes,  or  one  larger  one,  mav  \ye  laid,  for 
the  supply  of  two  or  more  engines  at  once,  through  as  many  stand-pipes.  Where 
the  pipe  makes  its  bend, and  becomes  vertical,  is  a  valve  for  opening  and  closing 
U;  and  which  may  be  worked  by  a  hand-wheel  placed  at  such  a  height  as  to  be 
easily  reached  by  the  engine  man. 

On  some  of  the  more  Important  lines,  the  tenders  of  ftist  trains  scoon 
up  water,  wblle  mnnlniTf  from  a  long  troairl>«  or  ^  track  tank** 
laid  between  the  rails.  The  tanks  are  about  \/^  mile  long.  They  must  of  course  be 
level,  and  they  therefore  require  a  level  ti-aclc. 

As  originally  introduced  in  England,  by  Ramsbottom,  the  trough  was  of  cast- 
fron,  in  lengths  of  about  6  ft  These  were  bolted  together  by  means  of  flanges  at 
their  ends.  The  ends  were  not  in  contact  with  each  other,  but  were  separated  by 
a  atrip  of  vulcanized  rubber. 


Our  figure  shows  a  track  tank  of  ^  Inch  rolled  plate-iron,  the  sheets  of  which 
are  62  ins  long.  The  lengths  overlap  ench  other  2  ins ;  leaving  5  ft  as  their  thowwff 
length.  The  sheets  are  cut  slightly  tapering,  so  that  at  oue  end  of  each  length 
the  trough  is  ^  in  deeper  than  at  the  other,  and  the  tops  are  thus  kept  flush  with 
each  other  throughout  The  joints  are  double  riveted  with  %  inch  rivets,  about 
1)4  ins  from  center  to  center,  and  sUggered.  At  each  end  of  the  trough,  the 
bottom  slopes  upward,  and  in  a  length  of  6  ft,  comes  to  the  level  of  the  tops  of 
the  Bides.  The  cross-ties  are  notched,  ns  shown,  to  receive  the  trough,  which  is 
loosely  held  to  them  by  two  spikes,  S  and  S,  in  each  tie.  The  heads  of  the  spikes 
fit  over  the  horizontal  flanges  of  the  1>^  X  IH  inch  angle  bars,  A  and  A.  M  and 
M  are  mouldings  of  1^  X  ^  inch  bar-iron.  The  angles  and  the  mouldings  are 
in  lengths  of  15  ft  nud  are  riveted  to  the  sides  of  the  trough  continuously 
throughout  its  length. 

The  scoop  on  the  tendev  is  lowered  into  the  trough,  and  rnlsed  f^m  it 
by  means  of  a  lever  on  the  fireman's  platform,  and  is  not  permitted  to  touch  the 
bottom  of  the  trough. 

The  troivgfk  Is  sapplled  with  water  by  means  of  pipes  leading  from  an  ad* 
Jacent  tank.    The  supply  is  regulated  by  a  man  in  charge. 

To  prevent  the  water  from  freezing  In  winter,  steam  is  led  to  the  trough 
from  the  boiler  of  the  pumping  engine,  through  iron  pipes  laid  under  ground  along 
side  of  the  track.  These  pipes  are  provided  with  branches  which  introduce  the 
steam  to  the  trough  at  every  40  ft  of  its  length.  '  The  steani-pipps  nre  protected  by 
wooden  boxes,  and  are  furnished  with  valves  for  regulating  the  supply  of  steam. 


y  Google 


1014 


BAILBOAOe. 

EARTHWORK. 


To  preiMure  a  Table,  T,  of  lievel  Cattlnffs,  for  every  ^  of  i 
foot  of  belfrlitv  or  deptb. 


^ 


? 


T" 


Let  the  flg  represent  the  eattlii( ; 

•^  the  filling ;  Id  wbleta  tha  borisoDtal  llaei  ue  rap- 

powd  to  be  ^  foot  epsrt.    Fint  ealsnlale  tb^ 

area  to  eqaarefeet,  of  the  Xvftx  a  &  eo.  s4Je*i>hiC 

the  roadway  a  h.     Then  find  hev  maaj  enbii 

Srdfl  that  area  giTes  in  a  dlMaaea  of  100  kec 
teM  oablo  jar&  ve  will  eaU  T :  (hcij  Item  the 
first  amoant  to  be  pat  into  the  Table  T. 
Next  ealeulate  the  area  In  iqaare  fMt  of  the  triangle  ckno.    Multiply  tbli  area  bT  i.    Find  ho* 
many  cable  yards  thia  inoreaaed  area  gives  In  a  distance  of  100  fiset.    Or  they  v<M  be  ffoaad  ready 
oaloalated  below.  We  will  oall  them  y.    This  is  all  the  preparation  that  Is  needed  bcfsn 

oommenoiog  the  table. 

ExaniT-Let  the  roadbed  a  i  be  18  fset,  and  the  stde-slopes  I^to  1.  Then  for  the  area  of  «  ft  e  e: 
sinoe  the  side-slopes  are  1^  to  1 ;  and  s  c  is  .1  fbot;  e  o  most  be  IS.*  feat;  and  the  mean  length  el 
ai  eo  roost  be  18.16  fbet.    Consequently,  the  area  is  18.15  X  .1=  1.81S  square  fbet;  whieh,  iae 

181.6 
distanoe of  100 fbet, givea  181.5  onblo  feet;  whtoh iaeqnal  to  — =—  =:e.7S»  onbie  yards ;  or  T. 

Kext,  as  to  the  triangle  a n o:  its  height  a  n  being  .1  foot,  and  iu  base  n o  .15  feat :  its  aree 
.1  X  .15      .015 
=  — - —  =  —=-.0076  square  ft.  This  mnltipUed  by  4,  gives  .OS  square  feet ;  which,  In  a  dlstaBeeef 

100  feet,  gives  .OS  X  100  =  Senbie  feet:  which  Is  equal  to  |-  =  .1111  cable  yard;  ory. 

Having  thus  found  T  and  y,  proeeed  to  make  out  the  table  in  the  manner  fellowtng,  whieh  i«  as 
plain  as  to  require  no  explanation.  The  work  should  be  tested  about  every  5  feet,  by  ealenlatlnc  th* 
area  of  the  full  depth  arrived  at ;  mulUpIy  it  bj  100,  and  divide  tha  prodnot  by  27  fer  the  ewbie  y arda 
The  oubio  yards  thus  found  should  agree  with  the  table. 


Y 6.7222 

y nil 


lagree  i 
.  Y.  6.722 


6.8333 


7.2777 


42.0000 


Tablk  T 

Defght. 
F«it. 

Cub.  Yds. 

.1  

.2  

.8 

.4 

.5 

.6  ^. 

6.72  Y. 
18.6 
20.6 
27.6 
34.7 

3. 

The  following  table  contains  y,  ready  calculated  for  diflTerent  8id&>tlopea.  It  plfttn]) 
femains  the  same  for  all  widths  of  roadbed. 


Side-slope. 

y 

Side-slope. 

y 

\i  to  1  ..., 

J5  to  1    

%  to  1 

0185 

.0370 

.0566 

0741 

0928 

IJitol 

2     tol 

2V  tol 

1296 

1482 

icflj 

1    to  1  !' 

2Htol 

3  tol 

4  tol 

.18&2 

11^  to  1    

.2222 

IH  to  1     

«.  .1111 

......            2968 
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Table  1.     lievel  Cattinviu* 

BoMlway  U  feefe  wide,  gide^lopes  1)^  to  1. 
For  abgle-traok  embaiLlcmeat. 


sr 

.0 

.1 

^ 

.3 

A 

.5 

.6 

.7 

.8 

.9 

OiLTdf. 

Oa.Tdk 

OiuTds. 

Oa.Tds. 

Oa.Tdi. 

0a.Td8. 

Ou.Tdfc 

Ctt.Tdj. 

CiLTda. 

Ca.Td». 

0 

6.24 

10.6 

16.1 

214J 

27.8 

33.1 

390 

46.0 

51.2 

1 

67.4 

63.8 

70.2 

76.8 

83^ 

90.3 

97.2 

104.2 

111.3 

118.6 

2 

1259 

133.4 

141.0 

148.8 

156.4 

164.4 

172.4 

180.5 

188.7 

197J 

3 

205.6 

214.1 

222.8 

231.6 

240Ji 

249.5 

258.7 

267.9 

277.3 

286.7 

4 

296.3 

306.0 

315.8 

325.7 

835.7 

845.8 

856.1 

866.4 

376.9 

387.6 

S 

896.1 

408.9 

419.9 

430.9 

442.0 

453.2 

464.6 

476.1 

487.6 

499.3 

6 

611.1 

623.0 

635.0 

647.2 

559.4 

571.8 

584.2 

696.8 

609.5 

622.3 

7 

635.2 

648.2 

661.8 

674.6 

687.9 

701.4 

714.9 

728.6 

742.4 

766.3 

8 

770.3 

784.5 

798.7 

813.1 

827.5 

842.1 

866.8 

871.6 

886.5 

901.6 

0 

916.7 

931.9 

947.3 

962.7 

978.3 

994.0 

1010 

1026 

1042 

1058 

10 

1074 

1090 

1107 

1123 

1140 

1157 

1174 

1191 

1208 

1225 

11 

1243 

1260 

1278 

1295 

1313 

1331 

1349 

1367 

1385 

1401 

12 

1422 

1441 

1469 

1478 

1497 

1616 

1535 

1564 

1574 

1593 

13 

1613 

1633 

1652 

1672 

1692 

1712 

1733 

1753 

1773 

1794 

14 

1815 

1835 

1856 

1877 

1898 

1920 

1941 

1962 

1984 

2006 

15 

2028 

2050 

2072 

2094 

2116 

2138 

2161 

2183 

2206 

2229 

16 

2262 

2275 

2298 

2321 

2344 

2368 

2381 

2415 

2439 

2463 

17 

2487 

2611 

2535 

2559 

2584 

2608 

2633 

2658 

2683 

2708 

18 

2733 

2759 

2734 

2809 

2835 

2861 

2886 

2912 

2938 

2964 

19 

2991 

3017 

3044 

8070 

3097 

3124 

8151 

8178 

3-206 

8232 

20 

3259 

3287 

3314 

3342 

3370 

3398 

3426 

3454 

8482 

3610 

21 

8539 

3567 

3506 

38'25 

3»i54 

3683 

3712 

3741 

8771 

3800 

22 

3830 

3859 

3889 

3919 

3949 

3079 

4000 

4040 

4070 

4101 

23 

4182 

4162 

4193 

4224 

4256 

4287 

4318 

4349 

4381 

4418 

24 

4444 

4476 

4508 

4641 

4573 

4606 

4638 

4670 

4708 

4736 

25 

4760 

4802 

4835 

4868 

4901 

4935 

4968 

5002 

5036 

6070 

28 

5104 

5138 

5172 

5206 

5241 

5275 

6310 

5346 

5330 

5415 

27 

5450 

5485 

6521 

5556 

5602 

6627 

5663 

5690 

5736 

5771 

28 

6807 

5844 

5880 

5917 

5953 

6990 

6027 

6064 

6101 

6139 

29 

6176 

6213 

6251 

0289 

6326 

6364 

6402 

6440 

6479 

6617 

80 

6556 

6594 

66.')3 

6872 

6711 

6750 

6789 

6828 

6867 

6907 

31 

6946 

6986 

7026 

7086 

7106 

7146 

7186 

7226 

7267 

7307 

S9i 

7348 

7389 

7430 

7471 

7512 

7563 

7595 

7636 

7678 

7719 

S3 

7761 

7803 

7845 

78S7 

7929 

7972 

8014 

8067 

8099 

8142 

34 

8185 

8228 

8271 

8315 

8358 

8401 

8(45 

8489 

8532 

8676 

85 

8620 

8664 

8709 

8753 

8798 

8842 

8887 

8932 

8976 

9022 

36 

9067 

9112 

9167 

9203 

9248 

9294 

9340 

9386 

9432 

9478 

37 

9b'H 

9570 

9617 

9663 

9710 

9757 

9804 

9851 

9698 

9945 

88 

9993 

10040 

10088 

10135 

10183 

10231 

10279 

10327 

10375 

10424 

38 

10472 

10521 

10569 

10618 

10667 

10716 

10766 

10816 

10864 

10918 

40 

10963 

11013 

11062 

11112 

11162 

11212 

11263 

11313 

11864 

11414 

41 

11465 

11516 

11567 

11618 

11660 

11720 

11771 

11823 

11874 

11926 

42 

11978 

1*2029 

12081 

12134 

12186 

12238 

12291 

12343 

12396 

12449 

48 

12502 

12555 

12608 

12661 

12715 

12768 

12822 

12875 

12929 

12983 

44 

18037 

13091 

13145 

13200 

18254 

13309 

18368 

13418 

13473 

13528 

46 

13583 

13630 

13694 

13749 

13806 

13861 

18916 

13972 

14028 

14084 

46 

14141 

14197 

14264 

14310 

14367 

14424 

14480 

14537 

14595 

14652 

47 

14709 

14767 

14824 

14882 

14940 

14998 

15056 

16114 

16172 

15230 

48 

15289 

15347 

15406 

15465 

15524 

16583 

15642 

15701 

16761 

15824 

40 

15880 

16989 

15999 

16059 

16119 

16179 

16239 

16300 

16360 

16421 

60 

16481 

16642 

16603 

16664 

16726 

16787 

16848 

10909 

16971 

17033 

61 

170H 

17156 

17218 

17280 

17343 

17405 

17467 

17590 

17593 

17656 

62 

17719 

17782 

17846 

17908 

17971 

18036 

18098 

18162 

18226 

18290 

63 

18864 

18418 

18482 

18546 

18611 

18676 

18740 

18805 

18870 

18936 

64 

19000 

19065 

19181 

19196 

19202 

19327 

19393 

19459 

19525 

19501 

66 

19657 

19724 

19790 

19867 

19923 

19990 

20067 

20124 

20191 

20259 

66 

20326 

20893 

20461 

20529 

20596 

20664 

20732 

20800 

20869 

20937 

67 

210O5 

21074 

21143 

21212 

21280 

21349 

21419 

21488 

21657 

21627 

68 

21696 

21766 

21836 

21906 

21976 

22046 

22116 

22186 

22267 

22327 

60 

22808 

22460 

22540 

22611 

22682 

22763 

22825 

22896 

22968 

23039 

60 

2S1U 

28188 

23266 

23827  123899 

23472 

23644 

23617 

23689 

23762 

*  From  th«  Aathor't  *'  Mm 
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Table  9.     I^evel  CniUnvs. 

Boodway  24  feet  wide,  tide-Blopes  1^  to  L 
For  dimble-traok  embaiikmeiit 


IX' 

.0 

.1 

.2 

.3 

.4 

.6 

.6 

.7 

.8 

.0 

Cii.Yda. 

Ctt.YdB. 

Oa.Ya«. 

Oa.Tdj. 

Cu.Y<to. 

Ca.T(lt. 

OmYda. 

Ca.Yda. 

CiLYdi. 

Oa.Td* 

0 

8.94 

18.0 

27.2 

36.4 

46.8 

66.3 

64.9 

74.7 

84.6 

1 

94.4 

104.6 

114.7 

124.9 

135.3 

145.8 

166.4 

167.2 

178,0 

188J> 

2 

200.0 

211.2 

222.4 

233.8 

245.3 

266.9 

268.6 

280.6 

29-2.4 

304.4 

3 

316.6 

328.9 

341.2 

3.'>3.7 

366.3 

379.0 

391.9 

4048 

417.8 

431i) 

4 

444.4 

467  8 

471.3 

484.9 

498.6 

612.4 

626.4 

640.4 

664.6 

568.8 

6 

583.3 

697.8 

612.4 

627.1 

642.0 

666.9 

671.9 

687.1 

7023 

717.7 

6 

733-3 

748.9 

764.7 

780.6 

796.4 

812.6 

828.7 

844.9 

8(^.8 

877.8 

7 

894.4 

911.2 

928.0 

9U.9 

962.0 

979.2 

996.4 

1014 

ia3i 

1049 

8 

1007 

1086 

1102 

1121 

1138 

1167 

1176 

1194 

1212 

1231 

9 

1260 

1269 

1288 

1307 

1326 

1346 

1366 

1385 

1406 

1426 

10 

1444 

1406 

1486 

1605 

1526 

1546 

1666 

1687 

1608 

1629 

11 

1650 

1671 

1C02 

1714 

1735 

1767 

1779 

1800 

1822 

1846 

12 

1867 

1889 

1011 

1934 

1956 

1979 

2002 

2026 

2048 

2071 

la 

2094 

2118 

2141 

2165 

2189 

2218 

22S6 

2261 

2286 

2900 

14 

2833 

2358 

2.382 

2407 

2432 

2467 

2482 

2607 

2632 

2668 

16 

2683 

».09 

2636 

2661 

2686 

2718 

2730 

2766 

2791 

2818 

16 

2844 

2871 

2898 

2926 

2962 

2979 

3006 

3034 

3061 

3086 

17 

3117 

3146 

3172 

32D1 

8229 

8267 

3286 

3314 

8342 

3871 

18 

3400 

3429 

3468 

3487 

8616 

3646 

8676 

seasi 

8636 

3066 

19 

3094 

Iff26 

8766 

3785 

8816 

3846 

8876 

3007 

8038 

3069 

20 

4000 

4031 

4062 

4094 

4126 

4167 

4180 

4221 

4262 

4286 

21 

4317 

4349 

4381 

4414 

4446 

4479 

4.^2 

4646 

4678 

4611 

22 

4644 

4678 

4711 

4746 

4n9 

4813 

4846 

4881 

4915 

4949 

23 

4988 

6018 

6062 

6087 

6122 

6167 

6192 

6227 

6262 

5208 

24 

6333 

6369 

6406 

6441 

5476 

6513 

6649 

5686 

6621 

6658 

26 

6694 

6731 

6768 

6806 

6842 

6879 

6916 

6964 

6991 

6029 

28 

6067 

6106 

6142 

6181 

6219 

6267 

6295 

6834 

6872 

6411 

27 

6460 

6489 

6628 

6667 

6606 

6646 

6(86 

6726 

6766 

6806 

28 

6844 

6886 

6926 

0966 

7005 

7046 

7086 

7127 

7168 

7400 

29 

7260 

7291 

7882 

7374 

7415 

7467 

7499 

7641 

7582 

76-25 

80 

7667 

7709 

7761 

7794 

7836 

7879 

7922 

7966 

8008 

8061 

31 

8094 

8138 

8181 

8226 

82^9 

8313 

8366 

8401 

8445 

8489 

82 

8638 

8678 

8622 

8667 

8712 

8767 

8802 

8847 

^^892 

8988 

38 

8988 

0029 

9076 

9121 

9166 

9212 

9269 

9306 

9361 

9308 

84 

0444 

9491 

9688 

9686 

963-2 

9679 

9726 

9774 

9821 

9860 

86 

9917 

9966 

10012 

10061 

10109 

10167 

10205 

10264 

10302 

10361 

38 

10400 

10440 

10498 

10547 

10596 

10646 

10606 

10746 

10706 

10M5 

87 

10894 

10946 

10996 

11046 

11096 

11146 

11196 

11247 

11298 

11840 

38 

11400 

11461 

11602 

11664 

11605 

11657 

11709 

11761 

11812 

11866 

39 

11917 

11969 

12021 

12074 

12126 

12179 

12232 

12286 

12838 

12301 

40 

12444 

12498 

12661 

12606 

12669 

127W 

12766 

12821 

12876 

12929 

41 

12988 

13038 

13092 

13147 

13202 

13267 

13312 

18367 

13422 

1347^ 

42 

13633 

18689 

18646 

13701 

13756 

13813 

13809 

13926 

13981 

1408P 

43 

14094 

14161 

14208 

14265 

14322 

14879 

14436 

14494 

14661 

1460M 

44 

14667 

14726 

14782 

14840 

14899 

14967 

16016 

15074 

16132 

15191 

46 

16260 

16309 

16368 

16427 

16486 

16646 

16606 

16666 

16726 

15785 

46 

16844 

16006 

16906 

16026 

16086 

16146 

16206 

16267 

163-28 

16889 

47 

16460 

16611 

16672 

16634 

16605 

18767 

16819 

16881 

10912 

17006 

48 

17007 

17129 

17191 

17264 

17316 

17379 

17442 

17506 

17568 

17681 

49 

17604 

17768 

17821 

17886 

17949 

18013 

18076 

18141 

18-205 

18280 

60 

18833 

18308 

18462 

16627 

18592 

18667 

18722 

18787 

18862 

18918 

61 

18983 

19049 

19116 

19181 

19246 

19313 

19379 

19446 

19611 

19578 

62 

196U 

19711 

19778 

19846 

19912 

19979 

20016 

20114 

•20181 

•20340 

63 

20817 

20386 

20462 

20621 

20689 

20657 

20726 

20794 

20862 

20081 

64 

•ilOOO 

21069 

21138 

21207 

21276 

21346 

21416 

21486 

21556 

2ie25 

66 

•2lf.94 

21766 

21836 

21906 

21976 

22046 

22116 

22187 

22268 

22329 

66 

•22400 

•22471 

22642 

22614 

2-2686 

22767 

22820 

22901 

22972 

23M6 

57 

23117 

■23189 

23261 

28334 

23406 

23479 

23562 

28626 

23608 

23771 

68 

1*23844 

23818 

23991 

24066 

24130 

•24218 

24286 

24361 

24485 

24909 

69 

|246«3 

24668 

'24782 

24807 

24882 

24967 

25082 

26107 

26182 

25268 

60 

125333 

26409 

26486 

26661 

26636 

26713 

26789 

26866 

26941 

2018 

For  ooBtlBiiattoa  M»  100  t9t%,  uf  Tablm  T. 
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Table  8.     Iievel  Cattinss* 

Roadway  18  feet  wide,  side-slopes  1  to  L 
For  B%le-tiaok  exoayaUon. 


^t 

.0 

.1 

J 

.ffl 

.4 

.6 

.6 

.7 

.8 

.0 

OiLTda. 

Cu.Yd«. 

Ou.Yd«. 

Ca.Yd«. 

Ca.Td*. 

Oa.Yd*. 

Cu,Yd«. 

Oa.Yda. 

Ca.Yd«. 

Ctt.Ydfc 

6.70 

13.6 

203 

27.3 

84.3 

41.3 

48.6 

65.7 

63.0 

70.4 

77.8 

85.3 

920 

100.6 

108.3 

116.1 

124.0 

132.0 

140.0 

148.1 

156.3 

164.6 

17-2.9 

181.3 

189.8 

198.4 

207.0 

216.7 

224.5 

233.3 

242.3 

251.3 

260.3 

260.5 

278.7 

288.0 

297.4 

306.8 

816.3 

825.9 

3.35.6 

345.3 

365.1 

865.0 

375.0 

385.0 

396.1 

405.3 

416.6 

425.9 

436.3 

446.8 

457.4 

468.0 

478.7 

489.6 

500.3 

611.3 

622.3 

533.3 

544.5 

656.7 

567.0 

678.4 

589.8 

601.3 

61-2.9 

624.6 

636.3 

648.1 

660.0 

672.0 

684.0 

696.1 

708.3 

720.6 

732.9 

746.3 

767.8 

770.4 

783.0 

795.7 

808.6 

821.3 

834.3 

847.3 

860.3 

873.6 

886.7 

900.0 

913.4 

926.8 

940.3 

053.9 

967.6 

981.3 

995.1 

1009 

1023 

1037 

1051 

1065 

1080 

1094 

1108 

1128 

1137 

1162 

1167 

1181 

1196 

1211 

1220 

1241 

1266 

1272 

1287 

1302 

1318 

1333 

1349 

1365 

1380 

1396 

1412 

14-28 

14« 

1460 

1476 

1493 

1509 

1625 

1542 

1568 

1576 

1592 

1608 

1625 

1642 

1659 

1676 

1693 

1711 

1728 

1745 

1763 

1780 

1798 

1816 

1833 

1861 

1869 

1887 

1906 

1923 

1941 

1960 

1978 

1996 

2015 

2033 

2052 

2071 

2069 

2108 

2127 

2146 

2165 

2184 

2204 

2223 

2-242 

2262 

2281 

2301 

2321 

2340 

2360 

2380 

2400 

2420 

2440 

2460 

2481 

2501 

2521 

2542 

2562 

2688 

19 

2604 

2624 

2645 

2666 

2687 

2708 

2729 

2761 

2772 

2703 

20 

2815 

2836 

2858 

2880 

2901 

2028 

2946 

2967 

29H9 

8011 

21 

30S8 

3056 

3078 

3100 

8128 

3145 

3168 

3191 

3218 

3236 

22 

3259 

3282 

3305 

8328 

8852 

3375 

8398 

8422 

8445 

8469 

23 

3493 

3516 

3540 

3564 

8588 

3612 

3630 

3660 

8685 

8700 

24 

3733 

3758 

3782 

8807 

8832 

3856 

3881 

8906 

3931 

8966 

25 

3981 

4007 

4032 

4057 

4083 

4108 

4184 

4160 

4185 

4211 

28 

4237 

4263 

4-289 

4315 

4341 

4368 

4894 

4420 

4447 

4473 

27 

4d00 

4527 

4553 

4580 

4607 

4634 

4661 

4688 

4716 

4743 

28 

4770 

4798 

4825 

4853 

4881 

4908 

4936 

4964 

4992 

6020 

28 

5<)48 

6076 

5105 

5133 

5161 

5190 

5218 

5247 

6276 

5304 

80 

53« 

5362 

5391 

5420 

5449 

6479 

5508 

6537 

6567 

6696 

81 

6626 

5656 

5685 

5715 

5745 

5775 

5806 

6835 

6865 

6S96 

82 

6926 

6956 

5987 

6017 

6048 

6079 

6109 

6140 

6171 

6202 

83 

6283 

6-261 

6296 

6327 

6358 

6390 

6421 

6453 

6485 

6516 

34 

6548 

6580 

6612 

6644 

6676 

6708 

6741 

6773 

6806 

6888 

85 

6870 

6903 

6936 

6968 

7001 

7034 

7067 

7100 

7133 

7167 

86 

7200 

7-233 

7-267 

7300 

7334 

7868 

7401 

7435 

7469 

7608 

87 

7537 

7571 

7605 

7640 

7674 

7708 

7743 

7777 

7812 

7847 

88 

7881 

7916 

7951 

7986 

8021 

8056 

8092 

8127 

8162 

8198 

88 

8233 

8-269 

8305 

8340 

8376 

8412 

8448 

8484 

8520 

8656 

40 

8593 

86-29 

8665 

8702 

8738 

8776 

8812 

8S48 

8885 

8922 

41 

8959 

8936 

9033 

9071 

9108 

9145 

9183 

9220 

9268 

9296 

42 

9333 

9371 

9409 

9447 

9485 

9523 

9661 

9600 

9638 

9676 

48 

9715 

9763 

9792 

9831 

0860 

9908 

9947 

9986 

10025 

10064 

44 

10104 

10148 

10182 

102-22 

10-261 

10301 

10341 

10380 

104-20 

10460 

45 

10500 

10540 

10680 

10620 

10661 

10701 

10741 

10782 

10822 

10868 

46 

10904 

10944 

10985 

11026 

11067 

11108 

11149 

11191 

11282 

11278 

47 

11315 

11356 

li:)98 

11440 

11481 

11523 

11665 

11607 

11649 

11681 

48 

11733 

11776 

11818 

11860 

11903 

11945 

11988 

12031 

12073 

12116 

40 

12150 

12202 

12245 

12288 

1-2332 

12375 

12418 

12462 

12605 

12548 

60 

12593 

12636 

12680 

12724 

12768 

12812 

12866 

1290O 

12945 

12989 

51 

13033 

13078 

13122 

13167 

13212 

13256 

13801 

13346 

13391 

13436 

52 

13481 

13527 

13672 

13617 

13668 

13708 

13754 

13«00 

13845 

13891 

58 

13937 

13983 

14029 

14075 

14121 

14168 

14214 

14-260 

14307 

14358 

54 

14400 

14447 

1U93 

14540 

14587 

14634 

14681 

147--?8 

14776 

14828 

55 

14870 

14918 

14965 

15013 

16061 

16108 

16156 

15-204 

16262 

15300 

56 

15848 

15396 

15445 

16493 

16541 

16590 

16638 

16687 

16736 

15784 

57 

15883 

15882 

15931 

15980 

160-29 

16079 

16128 

17177 

16-227 

16276 

58 

16126 

16376 

16425 

16476 

1P525 

16575 

16626 

16675 

16726 

16776 

50 

16826 

K876 

16927 

16977 

17028 

17079 

17129 

17180 

17231 

17282 

60 

17833 

17384 

17438 

17487 

17538 

17590 

17641 

17693 

17745 

17796 

For  eonUnoatloa  lo  iiw  iM»  d«ep,  mc  Tabto  7. 


— j—rglgrgggt  exoaTrtion. 


—  — :^l     -* 

r<U.    Cu-Tdi.   Cu.Yd«.  Ca.Y«U   lo 

6.72         13.«         *>^  «  ^'»-'V 


,  6.72 

2.2  80.1 

6.5  164.6 

9.9  260.0 


13.6 

88.0 

173.6 

270.1 


6.6  366.7  378.0 
"2  484.6  496.- 
.0      613.4       *"* 


768.0 
920.2 

1084 

1258 

1444 

1640 

1848 

2067 

2'.'97 

2538 

2790 

3054 


2n*-*  l^**-^**-  icu.Yd«. 
^•^1       _27.6|       34.7 


280.4 

ii  11  Will's  PlPf'i^HS 


5668 
0035 
6413 
6801 
7201 
I  4  04^   7613 

--  s  S^; 


5070 

5418 

6777 

6147 

6628 

6920 

7324  I  Vow. 

nsS  I  7780 

8164   8207 

8000  8646 
9048  /mB3 
©507  /956S 
W77  /I0025 


Tt**^    10*68    105C7 

^ir^  I      11464     11605 
^i^i'  *    /t/jm     12020 


U-40QA       ,    ,.^     15113     15171 


16060 
1666r 
17285 
17913 
18563 
19206 
19867 
20540 
21226 
21920 


155ti^ 
16Vao 
167  2B 
17347 
1T077 
1861S 
19270 
19934 
2060B 
21 294 
2190O 


ll2t^  n    304 

*»es3  I  .-48 

a5?2i  -131 

Sr*<s©  '-^341 


201^5 
2t'Sl3 
21501 
22*01 
22913 
29035 
2436S 


182't3 

hr^i    -     , 

22L'73  ,2^'ai3 
22SS4  J23aS6 
33708  f|l2»^r 

24442  1245U 


»»2IW 
20019 
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T»ble  5.     Iievel  Cntttiica. 

Boiidw»7  28  feet  wide,  dde^lopM  1  to  1. 
Far  dottUe-trMk  ezoaTatiani 


^^ 

X> 

.1 

.8 

^ 

A 

.6 

.6 

.7 

.8 

S 

Oa.Tdfc 

C«.TdB. 

Oa.Td«. 

Ca.Tda. 

Ca.Tdk 

Oa.Tdk 

Oa.T(U. 

Ca.T(U. 

Ca.Tda. 

Ca.Tdft 

10.4 

204) 

31.4 

42.1 

52.8 

68.6 

74.4 

85JS 

96J) 

107.4 

118.0 

129.8 

141.1 

162.4 

168.9 

175.4 

187.0 

198.7 

210.4 

222.2 

234.1 

246.1 

258.1 

270.2 

282.4 

984.7 

807.0 

319.4 

831.0 

844.4 

867.1 

369.8 

882.6 

395.4 

408.8 

421JB 

434.4 

447.6 

460.8 

474.1 

487.4 

5009 

514.4 

528.0 

541.7 

565.4 

600.2 

683.1 

697.1 

61 U 

625.2 

639.4 

663.7 

668.0 

682.4 

696.9 

711.4 

726.1 

740.8 

7M.6 

770.4 

785.4 

800.4 

816.5 

830.6 

845.8 

861.1 

876J^ 

891J 

907.5 

023.0 

038.7 

054.5 

VTOJi 

08ti.2 

1002 

1018 

1034 

1050 

1007 

1083 

1090 

1116 

1132 

1140 

1166 

1182 

1199 

1916 

1233 

1260 

1207 

1285 

1302 

1310 

1337 

1364 

1372 

1390 

10 

1407 

1425 

1443 

1461 

1470 

1497 

1515 

1584 

1662 

1670 

u 

1580 

1607 

1626 

1645 

1604 

1682 

1701 

1720 

1789 

1760 

12 

1778 

1707 

1816 

1836 

1855 

1876 

1895 

1914 

1984 

1064 

18 

1974 

1994 

9014 

2034 

2055 

9076 

2005 

2116 

9136 

2157 

M 

2178 

2190 

2210 

2140 

8901 

2289 

2304 

2325 

9346 

2807 

1» 

2888 

2410 

8432 

2464 

2475 

2407 

2519 

2641 

2563 

2586 

16 

9607 

20:J0 

2652 

2074 

2697 

9719 

2742 

2766 

2788 

2810 

17 

2888 

2856 

2879 

2903 

2026 

9040 

2979 

2996 

8010 

3048 

18 

8007 

3090 

8114 

8138 

3102 

3186 

8210 

3234 

8250 

3288 

19 

8307 

8332 

8356 

3381 

3406 

8431 

8456 

3480 

3506 

8630 

20 

8656 

3581 

3606 

8831 

8657 

8682 

8708 

8784 

8760 

8786 

21 

8811 

8837 

3808 

3880 

3916 

8049 

8968 

8904 

4021 

4047 

2i 

4074 

4101 

4128 

4164 

4181 

4208 

4235 

4963 

4290 

4817 

28 

4Mi 

4372 

4809 

4427 

4465 

4489 

4510 

4688 

4566 

4504 

M 

4022 

4650 

4070 

4707 

4735 

4764 

4792 

4891 

4850 

4870 

25 

4007 

4936 

4066 

4094 

5024 

6053 

5082 

5111 

6141 

6170 

96 

6200 

5230 

5250 

5.280 

5319 

6340 

5379 

6409 

5439 

5470 

27 

6500 

5630 

5561 

5591 

6622 

5663 

6684 

6714 

6745 

6776 

28 

6807 

5830 

6870 

6001 

5032 

5964 

6905 

0027 

6059 

6000 

2B 

6122 

6154 

6186 

0218 

6250 

6282 

6315 

6347 

6379 

6412 

80 

6444 

6477 

6510 

6543 

0575 

6608 

6641 

6074 

0706 

0741 

81 

6774 

6807 

6841 

6874 

0908 

0042 

6975 

7009 

7043 

7077 

82 

7111 

7146 

7179 

7214 

7248 

7282 

7317 

7351 

7386 

7421 

88 

7450 

7490 

7525 

7500 

7696 

7631 

7666 

7701 

7736 

7n2 

84 

7807 

7843 

7879 

7914 

7950 

7080 

8022 

8058 

8004 

8180 

86 

8107 

8203 

8239 

8270 

8312 

8340 

8386 

8428 

8459 

8496 

86 

8533 

8570 

8608 

8045 

8682 

8710 

8757 

8794 

8838 

8870 

87 

8907 

8945 

8083 

9021 

90  JO 

0097 

9136 

9174 

9212 

9250 

88 

0280 

0327 

9366 

9105 

0444 

0482 

9521 

9560 

9599 

9689 

80 

9678 

9717 

9766 

9796 

9835 

0875 

9916 

0054 

9994 

10034 

40 

10074 

10114 

10164 

10194 

10235 

10275 

10315 

10356 

10896 

10487 

41 

10178 

10519 

10550 

10600 

10041 

10682 

10724 

10765 

10806 

10847 

42 

10889 

10930 

10972 

11014 

11065 

11097 

11139 

11181 

11223 

11265 

43 

11307 

11350 

11392 

11434 

11477 

11510 

11562 

11606 

11648 

1169« 

44 

11733 

11776 

11810 

11803 

11906 

11949 

11999 

12036 

12079 

12123 

45 

12167 

12210 

12254 

12298 

12342 

12386 

12410 

12474 

12519 

12563 

46 

12607 

12662 

12606 

12741 

12786 

12881 

12875 

12920 

12966 

13010 

47 

13056 

13101 

13146 

13191 

132Jn 

13282 

13328 

13374 

13419 

13465 

48 

13511 

13587 

13603 

13640 

13095 

18742 

13788 

18834 

13881 

13827 

49 

13974 

14021 

14068 

14114 

14161 

14208 

14266 

14308 

14350 

14807 

60 

14444 

14492 

14639 

14587 

14635 

14682 

14780 

14778 

14826 

14874 

61 

14022 

14970 

16019 

15007 

16115 

15164 

18212 

15261 

15310 

15350 

62 

15407 

15456 

15505 

15d54 

15604 

15653 

15702 

15751 

16801 

15850 

68 

15900 

15050 

15999 

16049 

16099 

16149 

16199 

16249 

16290 

16350 

64 

16400 

164.50 

16501 

16561 

16002 

16653 

16704 

16754 

16805 

16860 

66 

10907 

16950 

17010 

17061 

17112 

17164 

17215 

17287 

17319 

17870 

56 

17422 

17474 

17526 

175T8 

17630 

17682 

in86 

17787 

17839 

17892 

67 

17944 

17997 

18050 

18103 

18155 

18208 

18261 

18314 

18368 

18421 

58 

•18474 

18627 

18581 

18684 

18688 

18742 

18796 

18849 

18903 

18967 

19011 

19065 

19119 

19174 

19228 

19282 

19387 

19391 

19446 

10601 

60 

119556 

19610 

10665 

19790 

10775 

19831 

1988€ 

10941 

19996 

20069 

for  coBtlnnatlnn  to  100  feet  m»  Table  7. 
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Table  6.     I^vel  CntUaii^ 

Boadway  28  ft  wide,  tide-fllopes  iHtol, 
For  doable-tnok  ezoaTatioiL 


EARTHWORK. 


1021 


Table  7, 

Oootlnutloii  of  the  ilx  foregoing 


of  CdMo  OontenU,  to  100  feet  of  height  or  depth. 


Height 
or  Depth 

TaUe 

Table 

Table 

Table 

Table 

Table 

InFeac 

1 

2 

8 

4 

5 

6 

Ctt.  Yda. 

Co.  Yda. 

Ca.Y<la. 

Ca.  Ydfc 

Ca.  Yds. 

Cu.  Ydfc 

61 

23835 

26004 

17848 

24739 

20107 

2C098 

.5 

24201 

26479 

18108 

25113 

203S6 

27390 

62 

24570 

26^67 

18370 

25489 

20667 

27786 

.5 

24942 

27257 

18634 

25868 

20949 

28183 

63 

25317 

27660 

18900 

26250 

21233 

28683 

.5 

25604 

28046 

1916S 

28635 

21519 

28986 

64 

26074 

28444 

19437 

27022 

21807 

29393 

.5 

20467 

28846 

19708 

27418 

22097 

29801 

65 

26843 

29260 

19981 

27806 

22389 

80213 

Ji 

27231 

29657 

20256 

28201 

22682 

80627 

66 

2762-2 

80067 

20533 

28600 

22978 

81044 

.5 

28016 

80479 

20812 

29001 

28276 

81464 

67 

28413 

30894 

21093 

29406 

23574 

81887 

.5 

28812 

31313 

21375 

29613 

23876 

82312 

68 

29215 

31788 

21659 

30222 

24178 

82741 

.6 

29620 

82157 

21946 

80635 

24482 

83172 

60 

30028 

82588 

22283 

81050 

24789 

83605 

.6 

30(38 

88018 

22523 

31468 

25097 

84042 

70 

30852 

83444 

22814 

31889 

26407 

84481 

.5 

81268 

83879 

23108 

83313 

26719 

84924 

71 

31687 

84317 

23404 

82739 

26033 

85369 

Ji 

32108 

34757 

23701 

831C8 

26349 

85816 

72 

32538 

35200 

24000 

83600 

26667 

86267 

.6 

32960 

85646 

24301 

84036 

26986 

36720 

73 

33390 

36094 

24604 

84472 

27307 

37176 

J> 

33823 

86546 

24907 

84913 

27631 

87636 

U 

31259 

37000 

25214 

27956 

88096 

.5 

34697 

37457 

25522 

S5S01 

28282 

38561 

75 

35139 

37917 

25832 

86250 

28611 

89028 

.6 

355S2 

88379 

26144 

8G701 

28942 

89498 

76 

36029 

38344 

26458 

37156 

29174 

89970 

.5 

36479 

39313 

26774 

87613 

20608 

40446 

77 

36931 

80783 

27092 

88072 

29944 

4^)924 

.5 

37886 

40257 

27411 

88536 

80282 

41405 

78 

87844 

40733 

27733 

89000 

806-22 

41889 

.5 

38805 

41213 

28056 

89468 

80964 

42375 

79 

88768 

41694 

28381 

39939 

31307 

42865 

J6 

89235 

42179 

28708 

40413 

81653 

43367 

80 

89704 

42667 

29aJ7 

40889 

82000 

43852 

81 

40650 

43650 

29700 

41850 

82700 

44850 

82 

41607 

44644 

80370 

42822 

83407 

45859 

83 

42576 

45650 

31048 

43S06 

34122 

46880 

84 

43555 

46667 

81733 

44800 

34844 

47911 

85 

44546 

47694 

32426 

45806 

36574 

48954 

86 

45548 

48733 

83126 

46822 

86311 

60008 

87 

46561 

49788 

33833 

47850 

87056 

61072 

88 

47585 

50844 

84548 

48889 

37807 

52148 

89 

48620 

51917 

85270 

49939 

38567 

63236 

90 

49667 

63000 

86000 

61000 

89^^33 

64333 

9t 

50724 

64094 

86737 

52072 

40107 

65443 

92 

51793 

65200 

37481 

63156 

40889 

56503 

93 

52872 

66'n7 

88233 

64250 

41678 

57G94 

94 

53963 

67444 

88993 

66356 

42474 

68837 

95 

55065 

58683 

89759 

66472 

43278 

69'>90 

96 

66178 

69733 

40533 

57600 

44089 

61156 

97 

57302 

60894 

41316 

58789 

44907 

62331 

98 

68437 

62067 

42104 

69889 

45733 

63518 

99 

50583 

63250 

42900 

61050 

46567 

64716 

100 

60741 

64444 

43704 

62-222 

47407 

66926 

by^UUy. 
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Table  S, 

Of  Onblo  Tarda  In  a  KXMbot  sUtion  of  lerel  cnttiag  or  illlinc,  to  bo  added  to, 
tracted  from,  the  quantities  in  the  preceding  aeTen  tables,  in  case  the 
tions  or  embankments  should  be  increased  or  diminished  2  feet  in  widttu 


or  nib 


Cable  Tank  la  a 

l«DKth  or  100  feet  iliraadthS  feet;  aad  of  diflamt  4e|Xl& 

i5r 

CnMe 
Tarda. 

Heiffhi  or 

Onble 
Tanla. 

Bdcht4ir 

CvMe 
Yards. 

Hfll<ht  or 

CvUb 

Bdchter 

OoUs 
Tarts. 

A 

3.71) 

.5 

162 

.6 

800 

.6 

448 

.6 

600 

1 

741 

21 

156 

41 

804 

61 

462 

81 

000 

.6 

11.1 

.6 

159 

.6 

807 

J5 

466 

A 

604 

2 

14.8 

22 

163 

42 

811 

62 

459 

82 

007 

.5 

18.5 

.5 

167 

.6 

815 

.6 

463 

A 

611 

3 

22.2 

23 

170 

43 

819 

63 

467 

83 

616 

A 

25.9 

.5 

174 

.6 

822 

A 

470 

A 

619 

4 

29.6 

24 

178 

44 

826 

64 

474 

84 

028 

Jb 

83.3 

.6 

181 

.6 

830 

.5 

478 

A 

628 

6 

37.0 

25 

186 

45 

833 

65 

481 

86 

090 

J& 

40.7 

A 

189 

.6 

837 

A 

485 

A 

638 

6 

44.4 

26 

193 

46 

841 

66 

489 

86 

087 

Jb 

48.1 

.6 

196 

Jb 

844 

A 

493 

A 

041 

T 

61.9 

27 

200 

47 

848 

67 

496 

87 

044 

.5 

65.6 

A 

204 

.6 

862 

.6 

600 

.6 

048 

8 

69.3 

28 

207 

48 

856 

68 

604 

88 

062 

J 

63.0 

.6 

211 

.6 

859 

.6 

607 

A 

066 

9 

66.7 

29 

216 

49 

868 

60 

611 

88 

060 

Jb 

70.4 

.6 

219 

.6 

867 

.6 

616 

.6 

003 

10 

741 

80 

222 

60 

870 

70 

619 

90 

007 

J 

77.8 

.6 

226 

.6 

874 

A 

622 

.6 

670 

11 

81.5 

81 

230 

61 

878 

71 

626 

91 

074 

.6 

85  2 

.5 

233 

.6 

881 

.6 

630 

A 

678 

12 

88.9 

32 

287 

62 

885 

72 

633 

92 

081 

Ji 

92.6 

Jb 

241 

.6 

889 

.6 

637 

A 

686 

13 

96^ 

83 

244 

63 

893 

73 

641 

93 

080 

.6 

100 

A 

248 

.6 

896 

A 

6U 

A 

on 

14 

104 

84 

252 

64 

400 

74 

648 

94 

006 

A 

107 

.6 

256 

.6 

404 

.6 

662 

A 

700 

16 

111 

35 

269 

66 

407 

75 

666 

96 

Y04 

^ 

115 

.6 

263 

^A 

411 

A 

660 

.6 

707 

16 

119 

36 

267 

6i 

416 

76 

663 

96 

711 

J> 

122 

A 

270 

.6 

419 

A 

667 

A 

716 

17 

126 

87 

274 

67 

422 

T7 

670 

97 

719 

Ji 

130 

.6 

278 

.6 

426 

.6 

674 

A 

722 

18 

133 

38 

281 

68 

430 

78 

678 

98 

728 

J^ 

137 

.6 

286 

.6 

4a3 

.6 

681 

.6 

790 

19 

141 

89 

289 

69 

437 

79 

686 

99 

788 

A 

144 

Jb 

293 

A 

441 

.6 

689 

.6 

787 

20 

148 

40 

296 

60 

444 

80 

693 

100 

741 

RiMAKK.  The  foresoinir  tables  of  level  evtUnss  wna^  all 
need  for  widiiui  or  roadway  nreater  Uian  tiioee  at  the  ii 
of  tbe  tables.  Thus,  suppose  we  Wish  to  use  Table  1,  ft>r  a  roadbed  at  n,  16  ft 
wide,  instead  of  e  6,  which  is  only  14  ft,  and  for  which  the  table  was  calcahtted.  If 
ia  only  neceeaaiy  first  to  find  the  rert  dtst  t  a,  between  these  two  roadbeds ;  and  to 
ftdd  it  mmtaUjf  to  aach  height  <  t,  of  the  giren  embkt,  when  taking  oat  from  fh- 
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table  the  nmnben  of  cab  ydi  corresponding  to  the  heights.  By  this  means  we  obtain 
the  contents  of  the  embkt  e  b  op^  for  any  required  dist.  Next,  from  these  contents 
subtract  that  corresponding  to  the  height  i  a,  for  the  same  dist.  The  remainder  will 
plainly  be  the  embkt  mnop. 

In  practioe  It  will  be  safflelently  correct  to  take  s  a  to  the  neareet  tenth  of  a 
Ibot,  which  win  save  trouble  In  adding  it  mentally  to  th^  heights  In  the  tablet. 

If  tlie  r>adbed  is  narrower  than  the  Uble,  as,  for  Instance,  If  ma  be 
the  width  in  the  table,  but  we  wish  to  find  the  cod  tents  for  the  width  c5,  tben 
flrst  find  «a,  and  calealate  the  cubic  yards  in  100  feet  length  of  ebmn.  Then, 
In  taking  out  the  cubic  yards  from  the  table,  first  subtract « a  mentally  from 
each  height;  and  to  the  cubic  yards  taken  out  for  each  100  feet,  opposite  this 
reduced  height,  add  the  cubic  yards  in  100  feet  ot  ebmn» 

To  awoid  trouble  wltli  contratetors  about  the  measurement  of  rock 
cuts,  stipulate  In  the  contract,  either  that  It  shall  conform  with  the  theoretlcaul 
cross  section ;  or  that  an  extra  allowance  of  say  about  2  feet  of  width  of  cut 
will  be  made^  to  cover  the  unaroldable  Irregularltiee  of  the  sides. 

Wirlwfcaye  of  Embankmeiftt.  Although  earth,  when  first  dug,  and 
loosely  thrown  out,  npeUs  about  |  part,  so  that  a  cubic  yard  in  place  areraget 
about  H  or  1.2  cubic  yards  when  dug:  or  1  cubic  yard  dug  Is  equal  to  |,  or  to 
.8338  of  a  cubic  yard  in  place ;  yet  when  made  Into  embankment  It  gradually 
aubsides,  settles,  or  shrinks,  Into  a  less  bulk  than  it  occupied  b^ore  beSig  dug. 

The  following  are  approximate  arerages  of  the  shrinkage;  or,  In  other  words, 
the  earth  measured  in  place  in  a  cut,  will,  when  made  Into  embankment^oocupy 
a  hfolk  less  than  before  by  about  the  following  proportions: 

Gravel  or  sand about  8  per  ct;  or  1  in  12)^  less. 

Clay  ...^..^ "      10  per  ct;  or  1  in  10     less. 

Loam....... • *'      12  per  ct ;  or  1  in   SUless. 

Loose  vegeUble  surface  soil.....    "     15  per  ct ;  or  1  in   e»i  less. 
Puddled  clay **     25per  ct;  or  1  in  4     less. 

The  writer  thinks,  from  some  trials  of  his  own,  that  1  coble  yard  of  any  bard 
rock  Ib  place,  will  make  from  \%  to  1^  cukdc  yards  of  embankment;  say  on  an 
average  1.7  cubic  yards.  Or  tnat  1  cubic  yard  of  rock  embankment  requires 
JB882  of  a  cubic  yard  in  place.  He  found  that  a  solid  cubic  yard  when  broken 
Into  ft'agments,  made  about  as  follows 


Carelessly  piled 

CareAilly  piled. 

Rubble,  very  carelessly  scabbled 

Bubble,  somewhat  carefully  scabbled. 

Cubic 
yards. 
...    1.9* 
...    1.75 
...    1.6 
.-    1J5 
-.    1.2B 

Of  which 

Solid 
52.6  per  cent 
57    *^  « 
68          « 
67          • 
80 

khere 

47. 
43 
87 
83 
20 

were 
Voids 
Ipercent- 

« 

M 
M 
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RAILROADS. 


COST  OF  EARTHWORK. 


Art.  1.    It  ti  adTlsabte  to  pfty  ftor  this  Und  of  irork  bj  the  mUo  ywd  of  mtmmltom  oalyshp 

•t6ad  of  allowing  Mpsrate  prioes  for  «xaaTatioo  and  •mbaokmeDt.    Bj  thli  me«Da  wc  get  rid  or  Um 
lifflealty  of  mcasuremeat*.  as  well  aa  ihe  coDtroversles  and  lawiaits  vbteh  orten  attend  th*  datat^ 
Binatlon  of  the  allowance  to  be  made  for  tbe  Mttlement  or  sabatdenoe  of  the  embankments. 
It  Is,  moreoTer,  oar  opinion  that  Jastioe  to  tbe  conimotor  shoold  lead  to  tbe  Eng^llsll  praC" 

tflce  of  pnylnic  the  laborers  by  tbe  coble  yard,  instead  or  bj  the  day. 

Bzporieooe  TuUy  proves  that  when  lalwrers  are  soaree  and  wages  high,  men  ean  aeareelj  h»  depended 
upon  to  do  three- foarths  of  the  work  whioh  thej  readllr  aooompUah  when  wages  are  low,  and  when 
fresh  bands  are  waiting  to  be  hired  in  oaae  any  are  diseharged.  Tbe  oontraetrr  Is  thns  placed  at  tbe 
meroy  of  bis  men.  Tbe  writer  has  known  the  most  aatUfsotorr  reenlta  to  attend  a  system  of  task- 
work, aooompanied  by  liberal  pramlams  for  all  overwork.  By  thu  means  the  Intersata  of  the  labocen 
are  identified  with  that  of  the  oontraetor  i  and  OTeij  man  takes  oars  that  the  others  shall  do  tbelff 
Iklr  share  of  tbe  task. 

EUwood  Morris,  C  E.  of  Philadelphia,  was,  we  taeUeve.  the  flrst  person  who  properly  ioveatlcaled 
the  elements  of  cost  of  earthwork,  and  rednoed  them  to  sneh  a  form  is  to  enable  as  to  eaicolate  tbe 
total  with  a  oonsiderable  degree  of  aoouraoy.  He  pDblished  his  results  In  the  ionmal  of  the  Pranklta 
Institute  In  1B41.  His  paper  forma  the  basis  on  which,  with  some  ▼ariatioos,  we  anall  oooalder  the 
matter :  and  on  which  we  shall  extend  It  to  wheelbarrows,  as  well  as  to  carta.  Throagboat  thia  paper 
we  apeak  of  a  cable  yard  oonaldered  only  aa  solid  in  iu  pliaoe,  or  befbre  It  Is  loosened  fbr  remoral.  It 
Is  scarcely  neoessary  to  add  that  the  Tarions  Items  ean  of  oenrse  only  be  regarded  as  tolerably  elese 
approximations,  or  aTerages.  As  before  stated,  the  men  do  less  work  when  wages  aie  high ;  and  more 
when  they  are  low.  A  great  deal  besides  depends  on  tbe  skill,  obserratioa,  and  energy  of  the  eon* 
tractor  and  bis  saperlntendents.  It  la  no  nnosual  thing  to  ace  two  conirMters  working  at  the  eaae 
prioes.  In  precisely  similar  material,  where  one  Is  making  moner,  and  the  other  losing  It.  ttvm  a  want 
of  tact  In  the  proper  dlatrtbation  of  his  foroea,  keeping  bis  roads  In  order,  having  his  earts  and  bar* 
rows  well  Bllea,  Ac,  to.  Uncommonly  long  spells  of  wet  weather  may  seriously  afltet  the  cost  ofesc- 
entlng  earthwork,  by  making  It  more  dUBoult  to  loosen,  load,  or  emp^ ;  besides  keeping  the  roads tt 
bad  order  for  hauling. 

The  aggregate  cost  of  exoaTatIng  and  remorlDf  earth  It  made  «p  by  the  foUevlBt  ttena,  maauift 
lac   J^oo«enfn0M«e«rt*rea^>br(h««AoreU<r». 
ad.    Loadtng  it  by  sAovcb  into  the  eart*  or  tnurrowt. 
8d.    ffauUng,  or  tokUUng  it  aaoaf,  fncItMUiHr  emfflgina  mtd  rwttm 
ith.  Spreading  it  out  into  suceesslee  lajrsrt  on  f*«  omhanktnotU. 
ith.  Ktoping  tko  hauUng-road/br  caru,  or  (h«  plank  gitngwy  for  iorrMss,  in  good  ordw, 
eth.  ITeor,  Sunrp^ning,  cUprecfation,  and  interoat  oh  coal  o/ tools. 
7th.  £hg>orintfndtnee.  mnd  nalor  oarritn, 
8th.  JVqill  Co  Ms  oenlraetor. 

We  will  consider  these  Items  a  Httle  In  detail,  bashig  onr  ealevlatlonfl  on  the  aaavmptlon  that  earn 
■on  labor  costs  $1  per  day.  of  10  working  hours.  Tbe  resalta  In  onr  tablee  mast  thercfbrc  be  In* 
jreased  or  diminished  In  about  tbe  aame  proportion  aa  oommon  labor  ooata  more  or  Icsa  than  this. 

Art.  2.    liOoaenlnir  tbe  eartb  ready  fbr  the  shovellenu  TUab 

jenerally  done  either  by  ploughs  or  by  pieka ;  more  eheeply  by  the  flrsC  A  plough  with  two  horsaa. 
and  two  men  to  manage  them,  at  $1  per  day  for  labor,  75  cents  per  dar  tor  each  horse,  and  17  eenta 
per  day  for  plongh,  including  harness,  wear,  repairs.  Ac.  or  a  total  of  $S.8T,  will  kmeen,  of  etnmff 
Seavy  soils,  ftam  SOO  to  300  cubic  yards  a  day,  at  tnm  1.9S  to  l.tO  ocnts  per  yard;  or  of  oidinorr 
Joam,  trom  400  to  000  oabie  yards  a  day,  at  from  .97  to  .64  of  a  eent  per  yard.  Therefore,  aa  an  otdT 
nary  average,  we  may  assume  the  actual  cost  to  the  contractor  for  loosening  by  the  plough,  sa  foW 
lows:  Btro3g  heavy  soils,  1.0  cents ;  oommon  loam,  .8  cent;  light  sandy  soils.  .4  cent,  very  stiff  pure 
olay,  or  obstinate  cemented  gravel,  may  be  set  down  at  S.6  cents ;  they  require  three  or  four  horses. 
By  the  pick,  a  fair  day's  work  Is  about  14  yards  of  atllT  pure  clay,  or  of  cemented  gravel ;  SS  yaida 
it  strong  heavy  soils;  40  yards  of  common  loam;  00  yards  of  light  sandy  soils— all  measured  la 
place;  which,  at  $1  per  day  for  labor,  givea,  for  atlfT day,  7  cents;  heavy  aeils.  4  eents;  loam,  tA 
cents;  light  sandy  soil,  1.608  cents.  Pure  sand  requires  but  veiy  little  labor  fbr  tonewiiag;  .5  of  a 
oent  will  cover  It. 

Art.  3.    SboTelllnir  the  loosened  earth  into  earta.  Th«  aaeoat 

shovelled  per  d»  depends  partly  upon  tbe  weight  of  the  material,  but  more  upon  so  pcoportionlnf 
the  number  of  pickers  and  of  earts  to  that  of  shovellers,  aa  not  to  keep  the  latter  waldng  for  cither 
material  or  oarts.  In  fairlv  regulated  gangs,  tbe  shovellers  Into  cans  are  not  aetoally  engaged  in 
Bhovelltng  for  more  than  six-tenths  of  their  time,  thus  being  uncooupled  but  ftour-tenths  of  It:  while, 
under  bad  management,  they  lose  considerably  more  than  one-half  of  It.  A  ahoveltar  ean  readily 
load  Into  a  cart  one-third  of  a  cubic  yard  measured  In  place  (and  which  Is  an  average  working  oar^ 
load),  of  sandv  soil,  In  five  minates ;  of  loam,  in  six  minutes :  and  of  any  of  tbe  heavv  eolls.  In  seren 
minutes.  This  would  give,  for  a  day  of  10  working  hours,  IM  loads,  or  40  cubic  yards  of  llgbt  sandy 
soil ;  100  loads,  or  SS}i  cubic  yards  of  loam ;  or  86  toads,  or  38.7  yards  of  the  heavy  soils.  Bat  fron 
these  amoanu  we  most  deduct  four- tenths  for  time  necessarily  Inst:  thus  reducing  the  actual  wwk- 
Ing  quantities  to  M  yards  of  light  sandy  soil,  SO  yards  of  loam,  17.S  yards  of  the  heavy  aolla.  When 
the  shovellem  do  less  iban  this,  there  Is  some  mismanagement. 

Assuming  these  sa  folr  quantities,  then,  st  $1  per  day  fbr  labor,  the  aotaal  eoct  to  the  contmetor 
for  shovelling  per  cable  yard  measured  In  place,  will  be,  fbr  sandy  sells,  4.167  eente;  loam,  6  eenta; 
heavy  soils,  clays.  Ac,  5.81  eents. 

In  practice,  tbe  caru  are  not  usually  loaded  to  any  lees  extent  with  tbe  beavler  sells  than  with  the 
Ilahter  ones.  Nor.  Indeed.  Is  there  aav  necessity  for  so  doing,  Inannneh  as  tbe  dlUbreaee  of  welgbt 
of  a  cart  and  one- third  of  a  cubic  yard  of  the  various  soils  is  too  slight  to  need  any  attentMm ;  ene- 
•tally  when  the  oart-read  te  kept  la  good  order,  aa  it  wiu  be  hf  ai^'entn^^wkteatandnili 
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own  Intntat.  K«ltli«r  ii  it  bjoemiy  to  modify  (ho  IoimI  od  Moonnt  of  any  tliglU  ineUiMtfofw  whUt 
OMj  oooar  lo  ihe  grading  of  roads.    An  earih-eort  woighs  bj  luelf  aboai  ^i  a  ion. 

Art.  4.    HanllufT  away  tbe  eartbf  damplnir,  or  emptyluff ; 

and  retlimlnSf  to  reload.  Tho  average  apeed  of  borsea  in  hauling  I*  about  2H  milea 
per  boor,  or  200  feet  per  mlnuta ;  whiob  la  eaual  to  100  feet  of  trip  each  way  ;  or  to  100  feet  of  lead, 
as  tbe  distanoe  to  wbleb  (A«  earth  ie  htuUd  la  teehnioallj  oalled.*    Beaidea  ibia,  tbere  is  a  loea  of 


mlnutea  in  every  trip,  wbettaer  long  or  sbort.  in  waiting  to  load,  dumping,  turning,  to. 
ry  trip  will  oeoupy  aa  many  minutea  a«  there  are  lengths  of  100  feet  eaob  in  tbe  lead:  and 
ea  besldea.  Therefore,  to  find  the  number  of  trips  per  dny  over  any  given  average  lead,  we 


about  four 
Henee,  every 

four  mfnntea  ^,  ^ ^ ^  ^ .         ,_ 

divide  tbe  number  of  minutes  in  a  working  day  by  tbe  sum  of  4  added  to  the  number  of  100  feel 
tengtlu  aontained  in  tbe  distanoe  to  which  the  earth  haa  to  be  removed ;  that  is, 

The  number  (600)  <^  n^nutee  in  a,  working  day  _  the  nwnher  4^  trtpe,  or  loadt 
4-\-the  number  e/ IOO/««x  Ungthe  in  the  lead  ~  romoeedpor  d<qr. ptr  eart. 
And  stnoa  W  of  a  enUo  yard  meaanred  before  being  looaened,  makes  an  average  oarv-lood,  the  nBni> 
bar  of  loads,  divided  bv  8,  will  give  the  number  of  oubio  yards  removed  per  day  by  eaob  eart;  and 
ibe  cnble  yards  divided  Into  the  total  expenae  of  a  cart  per  day,  will  give  the  ooat  per  enblo  yard  for 
haoHng. 

BsjcAKK.    When  removing  loose  rodk,  wbfoh  requires  mere  time  for  loading,  say, 
ito.  o/  mbuuss  (BOO)  in  a  worUiijrday  __  ^^b.  ©/  Utade  removed^ 
6  4*  A'o.  0/  lOO-^e  Ungthe  of  lead     ^      9«r  dag,  per  cart. 

In  leads  of  ordinary  length  one  driver  oan  attend  to  4  oarts ;  whiob,  at  $1  per  day.  Is  X  eento  pei 
eart.  When  Inbor  la  $1  per  day,  the  expenoe  of  a  horse  is  nsnally  abont  75  oenu;  and  that  of  th« 
eart,  Inoluding  hameia.  tar,  repairs,  fto,  S5  oeuU,  making  the  total  daily  cost  per  eart  $1.25.  Tht 
expense  of  the  horse  is  tho  same  on  Sundays  and  on  rainy  daya,  aa  when  at  work ;  and  this  eonaid- 
eratlon  is  inolnded  in  the  75  cents.  Some  eontraotors  employ  a  greater  number  of  drivers,  who  alu 
help  to  load  (he  oarts,  so  that  the  expenoe  is  abont  the  same  in  either  case. 

KxAMPLi.  How  many  oubio  yards  of  loam,  measured  in  the  out.  can  be  hauled  by  a  horse  and  oarl 
In  a  day  of  10  working  boon.  (000  minutea, )  the  lead,  or  length  of  haul  of  earth  being  1000  feet,  (or 
10  lengths  of  100  feet.)  and  what  will  be  the  expense  to  tbe  oontraetor  for  hauling,  per  enblo  yard, 
asanming  the  total  cost  of  eart,  horse,  and  driver,  at  •1.25  T 


w^  .^^^.^  flOO  4Sioa4ls 

''•'••  A^lOlengtheV/Wri^,  =  IT  =  *» '^^       ^"^  "r"  =  !*•««**» Jr*"*- 

In  (his  manner  the  Sd  and  Sd  oolnmns  of  the  following  tablet  have  been  oalonlated. 

Art.  5.    Spreadlnir,  or  le¥ellln§r  off  tbe  earth  Into  reirolar 
thin  layers  on  the  embankment,   a  bankman  win  spread  ttom  so  to  loo oubio 


This,  at  $1  per  day,  Is  1  to  3  cents  per  oubio  yard ;  and  we  may  assume  IH  cents  as  a  fair  average 
far  suoh  soils:  while  I  cent  will  sufBoe  for  light  sandy  soif- 
—  • -'•-    •-         "    ^      '"» earth  is e 


yards  of  either  oommon  loam,  or  any  of  the  heavier  soils,  clays,  Ac,  depending  on  their  dryness. 

far „ , 

This  expense  for  spreading  Is  saved  when  the  earth  is  either  dumped  over  tbe  end  of  the  embank- 
ment,  or  is  wasted ;  still,  about  ^  cent  per  yard  sbonld  bo  allowed  in  either  case  for  keeping  the 
dumping-plaoes  clear  and  in  order. 

Art.  6.  Keeping  tbe  eart-road  in  ffood  order  for  havlinff. 

Ko  ruts  or  puddles  should  be  allowed  to  remain  unfilled:  ralo  should  at  once  be  led  olT  by  shallow 
lllehes :  ana  the  rood  be  oarefully  kept  in  good  order;  otherwise  the  labor  of  tbe  horses,  and  tbe  wear 
ot  oarts,  will  be  r«rf  greaUg  increased.  It  is  usual  to  allow  so  much  per  oubio  yard  for  road  rqudra; 
bat  we  suggest  so  much  per  cubic  yard,  per  lOO  feet  of  cad ;  aay  -^  of  a  cent. 

Art.  7.  Wear,  sbarpenlniT*  and  depreciation  of  pleka  and 

shovels.    Bxperlenee  shows  that  about  Hot  *  cent  per  cubic  yard  will  cover  this  Item. 

Snperintendenee  and  water^arriers.   Thme  expenses  win  vary  with 

local  eirenmstances ;  but  we  agrse  with  Mr.  Morris,  that  1)^  centa  per  cubic  yard  will,  under  ordinary 
oireumstanecs,  cover  both  of  them.    An  allowance  of  about  3j  cent  may  in  Justieo  be  added  for  extra 
trouble  In  digging  tbe  BidO'ditehes ;  levelling  off  the  bottom  of  the  out  to  grade ;  and  general  trimming 
ap.    In  very  llabt  cuttings  this  may  be  inoreaaed  to  M  cent  per  ejM>  yard. 
At  %  cent,  all  the  Items  in  this  article  amount  to  1  cents  per  enblo  yard  of  out. 

Art.  8.  Profit  to  tbe  eontraetor.  This  may  generally  be  set  down  at  from  6  to 
15  per  cent,  according  to  tbe  magnitude  of  the  work,  tbe  risks  incurred,  and  various  ineideoial  cir- 
oamatancos.  Out  of  this  Item  the  contractor  generally  has  to  pay  clerks,  storekeepera.  and  other 
agents,  as  well  as  the  expenses  of  shanties,  ke :  although  these  are  in  most  oases  repaid  by  the  profits 
of  the  stores;  and  by  the  ratas  of  boarding  and  lodging  paid  to  the  contractors  by  tbe  laborers. 

Art.  9.  A  fcnowledflre  of  the  foreiroinflr  items  enables  ns  to 
ealenlate  with  tolerable  acenraey  tbe  cost  of  removlnir  earth. 

For  example,  let  It  be  required  to  ascertain  tbe  cost  per  cubic  yard  of  excavating  common  loam,  meas- 
ured In  place;  and  of  removlnf  it  into  embankment,  with  an  average  haul  or  lead  of  1000  feet;  the 
wages  of  laborers  being  tl  per  day  of  10  working  boors ;  a  horse  75  cts  a  day ;  and  a  eart  25  cu.  One 
driver  to  four  carts. 


•N-  When  an  enUre  cut  Is  made  into  an  embankment,  the  mean  kasl  la  the  dist  between  oontera 
of  gravity  of  tbe  out  and  embkt. 
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Loading  into  ewrta, 
HautUa  1000  /teeC,  a» 
^artudUng  into  loftn, 
MMping  eart-roai  im  \ 


r,  MM  kr  pick,  Art  S.  ptr  enhte  fartf,  c^f^  IJO 

ArUl,  "  "  6.00 

vTMriotMif  in  txamsU,  ArL  i,  "  8.14 

ArCTT^  "  1^ 

^rt.  S,  10  lM0te^  100  A  l-OO 

.Art.  7,  1.00 


lUal  eea(  p9r  tmMe  fori  to  Cft«  cowtpmm§,  ttMi 
to  eonttmet  a  tabto  like  Um  foUowf  of ,  of  oMta  per  enUe  7»rd.  for  different  tengths  ef  leai. 
tndS  lire  ftrttobuaBed^  the  Role  iBArtiolei;  then  teeMhamowtloeetiiaaSUaddei 
I  qunniltj  of  -^  of  a  oent  for  everj  100  feet  length  of  lead,  for  keeping  the  ron4  In  eriar; 
i»tant  quantitv  (for  any  giren  kind  of  Mil)  oompoeed  of  the  price*  per  cable  jard.  "^ 
Mdiog,  •preadlng.  or  waeting,  te,  either  taken  fkom  the  preceding  artlelei;  or  ae"' 
cular  circttmataoeee.    In  thU  manner  the  tahlee  hare  been  prepared. 

Cart*.    litkbor  $1  per  dftjr,  of  10  worklnir  bonrs. 


{i 

S 

GomsKm  LoaoL 

Strong  EeaTyBoik. 

a  d 

1 

5  5 

TOTAL 

OOST 

P%tt     CTBIC 

TOtlL 

PfWT   t*E«    rmtc 

1^ 

if 

YMtD,      EXCLUBITK    QP 

YARD,    EICLlfilVK     UF 

It 

rnoFiT  ro  co;srTR4CTOR. 

PROFIT  Tg  comrftACTOR. 

p 

1! 

r 

.  1 

111 

H 

1-4 

hi 

H 

H 

M 

H 

Da.Yda. 

Cia. 

Cta. 

Cte. 

OU. 

Cte. 

Ota. 

Ota. 

Ota. 

Ota. 

47.0 

1.66 

18.69 

1144 

11.99 

10.74 

16.00 

14.76 

18.60 

11.9 

44.4 

1.81 

18.86 

11.61 

12.16 

10.91 

16.17 

14.91 

13.67 

11.41 

42.1 

1.9T 

14.05 

12.80 

11.86 

11.10 

16J6 

16.11 

18.86 

ll.fl 

40.0 

3.12 

u.n 

12.97 

12.51 

11.17 

16.58 

15.9 

14.08 

11.78 

36.4 

843 

14.68 

18.88 

12.88 

11.63 

16.89 

15.64 

14J9 

11.14 

33.3 

8.75 

14.96 

18.70 

18.» 

11.00 

17.16 

16.01 

14.76 

18^1 

28.6 

4.87 

16.67 

14.41 

18.97 

12.72 

17.96 

16.78 

15.48 

14.9 

250 

6.00 

16.49 

16.16 

14.70 

18.46 

18.TI 

17.46 

16.11 

M.99 

22.2 

6.68 

17.18 

16.88 

16.43 

14.18 

19.44 

18.19 

16.94 

i6Ji 

20.0 

6.15 

17.85 

16.60 

16.16 

14.90 

10.16 

18.91 

17.66 

16.41 

18.2 

6.87 

18.67 

17.82 

16.87 

16.61 

10.88 

19.68 

18.9 

17.18 

16.7 

7.48 

19.18 

18.03 

17.58 

16.88 

11.60 

10.84 

19.09 

17.84 

15.4 

8.11 

19.91 

18.67 

18.11 

16.97 

11.0 

9.96 

i9.n 

18.48 

14J 

8.74 

10.74 

19.49 

19.04 

17.79 

18.06 

11.80 

19.66 

19J9 

13.8 

9.40 

11.60 

10.16 

19.80 

18.66 

16.81 

3i! 

11.81 

9.98 

12.5 

10.0 

lllO 

10.96 

10.60 

19.16 

14.61 

9.01 

9.7t 

11.8 

10.6 

11.90 

11.65 

11.10 

19.96 

16.11 

9.96 

11.71 

n.4t 

ll.I 

11.1 

18.60 

11.86 

11.90 

».66 

16.91 

94.66 

9.41 

it.it 

10.5 

11.9 

14.40 

13.15 

18.70 

11.45 

16.71 

9.M 

9.11 

11J8 

10.0 

12.5 

«.10 

18.86 

18.40 

11.16 

17.41 

98.16 

14.91 

9.98 

9.51 

18.1 

16.80 

94.66 

14.10 

11.86 

18.11 

9.86 

961 

M.86 

9.09 

18.7 

16.60 

».» 

14.80 

13.65 

18.81 

97.66 

98.81 

9.98 

8.70 

14.4 

17.89 

18.06 

S.60 

14.85 

9.61 

9.M 

1T.1I 

Am 

8.38 

16.0 

18.00 

ie.T6 

16.80 

».06 

80J1 

9J6 

17.81 

98Jt 

7.54 

16.6 

9.86 

18.60 

18.15 

16.90 

81.16 

80.91 

9.M 

9.41 

690 

18.1 

81.60 

80.86 

19.90 

n.66 

88.91 

nM 

81.41 

aouu 

6.58 

19.0 

81.64 

81 J8 

80.94 

19.69 

84.96 

88.70 

si.a 

81.9 

5.88 

n.i 

86.10 

88.96 

88.50 

81.16 

87.61 

88.9 

86.01 

•Lit 

5.48 

11.8 

87.06 

86.80 

86.85 

84.10 

89.86 

88.11 

88J6 

•6A 

5.18 

14.8 

86.80 

9T.56 

87.10 

41.11 

WM 

a8.<i 

ITJt 

4.82 

86.9 

40.66 

89.40 

88J6 

87.70 

41.96 

4i.n 

49.46 

•9.91 

4.54 

n.6 

41.60 

41.» 

40.80 

88.65 

44.81 

UM 

41.81 

41J08 

4.30 

».l 

44.86 

43.10 

42.66 

41.40 

46  J6 

46.41 

44.16 

41.91 

4.0b 

80.6 

«e.io 

44.86 

44.40 

48.16 

48.41 

47  Jf 

46J1 

44J8 

8.88 

81.2 

47.96 

46.70 

46.15 

46.00 

50.16 

49.01 

47.9 

46A 

8.70 

88.8 

49.80 

48.56 

48.10 

46.86 

51.11 

80  86 

49J1 

49J8 

8.61 

•6.6 

51.78 

60.68 

60.08 

48.83 

64.09 

61.84 

61.69 

••y84 

1.86 

48.8 

61.40 

60.15 

59.70 

66.46 

68.71 

•1.46 

a.u 

6»J9 

1.40 

61.1 

71.01 

69.77 

68.81 

68.07 

78.98 

n.oe 

10.9^ 

«9Jt 

1.07 

60.4 

80.64 

79.89 

78  94 

tT.69 

81J6 

81.70 

80.46 

mi9 

i.ai 

68.7 

90.16 

89.01 

88.V 

87.31 

91.6T 

91  Jl 

90.97    ]    8B.tt 

t      .->.  .-^  .-^  1  r^ 

Jigitize 

j^^i^ 

OOer  OF  BA.BTHWOBE. 
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nj  Ctertiu    I^abor  $ 

1  per  day. 

Of  10 

worklnir  hours. 

1^ 

!| 

If 

Pore  itiff  GUy,  or  oemented 
OrayeL 

Light  Sandy  Soils. 

fc 

a 

Cm 

TOTAL     CJOST    PER 

CUBIC 

TOTAL     COST 

PBR 

CUBIC 

11 

n 

YARD,     KXCLUSITB    OF 

YARD,     BXCLaSlYa    OP 

kl 

fit 

PROFIT  TO  CONTRACTOR. 

PROFIT  TO  CONTRACTOR. 

J| 

i| 

r 

;i 

if 

1 

I.| 

2-i 

u 

Li 

2-1 

2^^ 

u 

U 

P 

i4 

m 

l4 

1'^ 

|3l 

tn 

Faec 

Ca.Y<U. 

Cu. 

Cu. 

Cu. 

Cu. 

Cu. 

Cu. 

Cu. 

CU. 

Cu. 

« 

47.0 

S.00 

19.00 

17.75 

UM 

13.95 

11.59 

10.77 

10.25 

9.50 

50 

4i.4 

8.81 

19.17 

17.99 

14.67 

18.49 

1L69 

10.94 

10.49 

9.67 

75 

42.1 

9.97 

19  J6 

18.11 

14.86 

13.61 

11.88 

11.13 

10.61 

9.86 

100 

40.0 

S.1S 

19.58 

18.38 

1&.0S 

18.78 

12.06 

11.30 

10.78 

10.08 

150 

86.4 

S.4S 

19.80 

18.64 

15J8 

14.14 

12.41 

11.66 

11.14 

lOM 

90O 

O.S 

8.78 

30.98 

19.01 

15.76 

14.51 

12.78 

12.08 

11.51 

10.76 

aoo 

38.0 

4.S7 

90.90 

19.78 

15.48 

15.38 

13.50 

19.75 

12.23 

11.48 

400 

».0 

6.00 

91.71 

90.46 

17.21 

15.96 

14.28 

18.48 

12.46 

19.21 

600 

S3.S 

5.8S 

92.44 

91.19 

17.94 

16.69 

14.96 

14.21 

13.69 

12.94 

flOO 

tM 

0.25 

93.16 

91.81 

18.66 

17.41 

15.68 

14.98 

14.41 

13.66 

700 

18.S 

0.87 

93.88 

32.63 

19.38 

18.13 

16.40 

15.66 

15.13 

14.38 

800 

10.7 

7.48 

94.50 

9S.M 

90.00 

18.84 

17.11 

16.36 

15.84 

15.08 

MO 

15.4 

8.IS 

85.98 

93J6 

90.73 

19.48 

17.75 

17.00 

16.48 

15.78 

1000 

14.S 

8.74 

96.06 

34.80 

91.56 

30.30 

18.57 

17.82 

17.80 

16.66 

!1«» 

ISJ 

9.40 

J6.81 

35.56 

93.31 

31.06 

19.33 

18.58 

18.06 

17.31 

t:co 

ia.5 

10.0 

r.5i 

98.98 

93.01 

31.76 

90.08 

19.28 

18.76 

18.01 

lacKj 

U.8 

10.0 

98.91 

98J6 

93.71 

32.46 

90.78 

19.98 

19.46 

18.71 

1401 

11.1 

ll.S 

38.91 

97.66 

34.41 

33.16 

21.43 

99.68 

90.16 

19.41 

iam 

10.5 

11.0 

99.71 

98.46 

35.31 

93.96 

32.33 

91.48 

90.96 

20.31 

lODO 

10.0 

11.6 

80.41 

«»-15 

35.91 

94.66 

22.98 

92.18 

21.66 

80.91 

TOO 

0.51 

13.1 

81.11 

39.86 

36.61 

35.86 

23.63 

92.88 

22.36 

91.61 

WO 

0.00 

18.7 

31.81 

30.56 

27.31 

36.06 

24.33 

93.58 

93.06 

99.81 

MD 

8.70 

14.4 

89.61 

31.36 

28.11 

36.86 

25.18 

94.38 

93.86 

93.11 

6JS 

15.0 

88.31 

89.06 

28.81 

37.56 

96.83 

95.06 

94.56 

93.81 

BM 

7.54 

10.6 

86.10 

83.91 

80.63 

39.41 

27.68 

96.93 

96.41 

95.66 

8.M 

18.1 

96.91 

85.06 

83.41 

31.16 

29.43 

98.68 

28.16 

97.41 

U  uU« 

0.58 

ULO 

87.95 

86.70 

83.45 

33.30 

3a47 

99.72 

29.20 

96.46 

sodo 

6.88 

SLS 

40.51 

89.96 

86.01 

34.76 

83.03 

32.28 

31.76 

81.01 

S^jQ 

6.48 

as.8 

49.36 

41.11 

87.86 

86.61 

34.88 

84.13 

83.61 

83.86 

MOO 

6.18 

94.8 

44.11 

49.86 

80.61 

88.36 

36.63 

85.88 

85.36 

34.61 

sno 

4.88 

96.0 

46.96 

44.71 

41.46 

40.21 

38.48 

87.78 

87.31 

86.46 

«000 

4.54 

97.6 

47.81 

46.56 

43.31 

42.06 

40.33 

89.58 

89.06 

88.31 

OBO 

4J0 

98L1 

49.06 

48.41 

46.16 

43.91 

42.18 

41.45 

40.93 

40.18 

4000 

4.08 

80.6 

51.41 

60.16 

46.91 

45.66 

43.93 

43.18 

43.66 

41.91 

«3S0 

8.88 

89.9 

58.96 

59.01 

48.76 

47.51 

45.78 

45.03 

44  51 

43.76 

sooo 

8.70 

88.8 

56.11 

58.86 

50.61 

49.36 

47.63 

46.88 

46.36 

45.61 

1  an* 

8.58 

86.5 

57.00 

56.84 

53.50 

51.34 

49.61 

48.86 

48.34 

47.59 

IWa. 

LOO 

483 

66.91 

66.46 

63.31 

60.96 

59.23 

58.48 

57.96 

57.31 

iHm. 

S.40 

69.1 

76.88 

75.06 

71.83 

70.58 

68.85 

68.10 

67.58 

66.83 

l%m. 

JUff 

60.4 

86.95 

84.70 

81.45 

80.20 

78.47 

77.72 

11^ 

76.45 

1     «. 

IJU 

08.7 

96.57 

94.39 

91.07 

89.89 

88.00 

87.34 

86.07 

ArU  10.     By  wbeellMirrOWS.    Tb«  OMt  by  bamwa  maj  iM  MtlmAted  la  the  nine 

.. ^^     g^  Artlelea  1,  ko.    Men  In  whesUng  more  mX  aboat  the  tame  arera«e  rate  as 

ling,  that  b,  3^  mllee  an  how,  or  8^0  feet  per  mloaU.  or  :  mlnato  per  erery  100-feel 


i«r  as  by  earu.    See  Artlolee  1,  fto.    Men  In  wheeling  more  at  aboat  the  tame  arerage  rau  as 
■  do  In  haaliag.  that  b,  3^  mllee  an  how,  or  VW  feet  per  mloaU.  or  :  mlnato  per  erery  100-feel 
length  or  lead.   The  time  oeoupied  in  loading;  enp^lnf .  *o  (when,  ae  is  aaaal,  the  wheeler  loads  his 


•WB  barrov,)  is  abont  l.K  minatas,  withoat  regaid  toTength  of  Isad ;  besides  which,  the  time  lest  in 
i  short  rssu,  in  adjusting  the  wheeling. plank,  and  in  other  inoidtntal  oaases,  amoanu  to 


•beat  ^  part  of  his  whole  time ;  so  that  n  must  in  praedoe  oonsider  hfan  as  aetoally  working  bnl 
t  boars  ont  of  his  10  working  ones.   Thsreforo 

The  immtsr  of  mliwitss  In  a  working  dofX  .9_      a«  nwmhtr  Q/lrlpt  or  of  loacb 
1.36 +  <JMfHi»5cre/100/s«<l«fv<Jk««^ Isad     "    rtmottd  p0r  dag p^  barrow. 

The  namber'of  loadsdlrlded  by  14  will  gire  the  number  of  enb  yards,  stnee  a  enb  yard,  measured 
to  piMe.  averagee  aboot  14  loads.  And  the  ooet  of  a  wheeler  and  barrow  per  day,  (ny  fl  P«r  man. 
Ma6  OMiu  pwbarrow,)  dlTldsd  l7  the  namber  or  enb  yards,  win  liTa  the  oest  per  yard  for  loading 
wb— ling,  and  empvinf. 
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RAILROADS. 


Ex.       Bmr  mamw  «aM«  j9H»  sT  ■■■■i«  loaa.  Miawred  la  flme.  wfll  •«•  i 
••d  empir,  per  dmj  ot  10  werUac  houn,  (or  MO  minaiei :)  Um  lead,  «r  dif  aor  to  «! 
removed  Mag  1000  feet,  (or  10  leacth«  of  100  feet ;)  aad  wkat  wUi  he  tbc  cspcaae  per  jard.  ■ 
lb*  labervr  «ad  barrow  to  eoe«  flUb  pter  da/  7 

•00  M<iNi/««  X  J  _    MO    _  ^  _^ 


Ara, 


1^  -h  10  tai#tA«        11^ 


per  eab  yaid  Cor  loadioc  wbecftoff  mway,  emptylac  Bad  retaralaf.    This  waald  be  fa 
iaappreeiabl/  bj  Uie  eoet  of  the  aliovel,  wbleb,  la  tbe  foUvalac  Ubiae.  bevever.  ia  J 
ooetof  laoU. 
BCBi.  For  ffvel^  wbl^  rcqaires  Mere  tlaM  for  hMdlag,  aaf 

XoofmhntUM  in  a  r«rUng  dap  X  ^    _  Jfacf  lea^rwieetd 
1^  +  No  of  100  /(MK  UngthM  oJUod     ~  ptr  imp.  ptr  bmrrom. 

Art.  11*    Tbe  folio wiBf  Ubiee  ere  ealeulated  ea  fa  tbe  eeae  ofeerU.  \>j  firat  fladiair 
acd  S  by  meaa*  of  tbe  Bule  In  A.  t  lO.eod  llico  eddlog  to  each  Sttm  to  colona  3.  tbe  variable 
of  .1  of  a  ceat  per  eaUe  yard  per  100  feet  of  lead  for  keeping  tbe  vbeeliiig-plaaks  la  order  - 
prieea  of  looeenlog.  spreadlag,  ■apcriateadeaoe,  vacer-eanTlDg,  te,  per  cable  yard,  aa  gli 
praoedlng  Artlelee  2,  5  and  7. 

By  Wheelbarrows.     I^bor  §1  per  day,  of  10  worklnff  I 


laat 

qaaatiiy 

;  aad  Ue 

iveaiatbfb 
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i 

It 
si 

1{ 

Oommon  Loom. 

Strong,  HeaTj  Soili. 

tl 

si 

TOTAL 

COST 

PER     CUBIC 

TOTAL    COST 

PER 

CUBIC 

YARD,    BXCLU8IVB    OF 

YARD,    RXCLUSIVB    OP 

»i 

iii 

PROFIT  TO  CONTRACTOR. 

PROFIT  TO  CONTRACTOR. 

{I 
|1 

n 

H 

u 

u 

H 

u 

H 

u 

Fml 

CQ.Yd.. 

Cu. 

Cta. 

GU. 

cu. 

cu. 

Cu. 

Cu. 

Cu. 

Cu. 

ss 

8S.T 

4.00 

10.12 

8.87 

8.42 

T.IT 

11.01 

10.ST 

O.Il 

T.07 

60 

n.i 

4.75 

10.80 

0.66 

0.10 

TJ» 

12.80 

11.05 

f.00 

8.56 

75 

19.8 

6.44 

11.62 

10.27 

0.88 

8J7 

18.01 

ii.n 

10.61 

rs 

100 

17.1 

6.14 

12.24 

10.90 

10.M 

0.29 

11.74 

11.40 

11.14 

0.10 

160 

14.0 

7.60 

18.66 

12.40 

11.95 

10.70 

16.16 

18J0 

11.06 

11.40 

too 

11.0 

8.88 

15.02 

18.77 

18.81 

12.07 

16.61 

16.27 

14.01 

11.7T 

S60 

10.8 

10.2 

16.45 

16.20 

14.75 

18.60 

17.96 

16.70 

16  46 

i4.a 

800 

0.07 

11.6 

17.90 

16.66 

16.20 

14.05 

19.40 

18.15 

16J0 

16.« 

860 

8.14 

12.0 

19.25 

18.00 

17.55 

16.80 

10.75 

10.60 

18.16 

17.00 

400 

7.86 

14.8 

80.70 

19.46 

19.00 

17.75 

11.10 

»M 

10.70 

10.46 

460 

6.71 

15.6 

22.05 

20.80 

20.S5 

10.10 

n.56 

njo 

11.06 

IOlOO 

600 

6.17 

17.0 

18.60 

22.25 

11.80 

20.66 

15.00 

S.76 

HJO 

11.26 

000 

6.81 

19.7 

86.80 

25.05 

24.60 

».S5 

17.80 

M.56 

»J0 

84.06 

700 

4.67 

22.6 

29.20 

27.05 

27.60 

86.25 

•0.70 

20.46 

».10 

10J6 

800 

4.17 

26.2 

82.00 

80.75 

80.30 

20.06 

88.50 

8215 

81.00 

M.16 

900 

8.76 

27.0 

84.80 

88.55 

83.10 

81.86 

86.80 

85.06 

08.80 

•1J6 

1000 

8.48 

80.6 

87.60 

86.85 

86.90 

84.66 

80.10 

87.86 

86.00 

86J6 

1300 

8.01 

86.1 

48.80 

42.06 

41.60 

40.85 

44.80 

43.66 

42.80 

41 M 

1100 

1.&8 

41.6 

48.90 

47.85 

47.20 

46.96 

&a40 

40.15 

47JO 

4<.« 

1600 

8.24 

46.0 

64.80 

68.45 

52.80 

61.66 

66.00 

64.75 

68JO 

61.26 

1800 

8.00 

62.6 

00.80 

60.05 

68.60 

67.86 

61.80 

00.56 

60  JO 

6806 

8000 

1.81 

68.0 

68.00 

64.75 

64.80 

63.06 

67.60 

06.15 

66.00 

C1.T6 

»X) 

1.66 

68.8 

71.60 

70. 2S 

60.80 

68.66 

78.00 

71.75 

70J0 

00J6 

3400 

1.68 

6S.6 

77.00 

75.75 

75.80 

74.05 

78.60 

n.» 

TM 

74.76 

Mmlle. 

1^ 

TS.5 

84.14 

82.80 

BS.44 

81.19 

86.04 

84J9 

88.14 

01  JO 
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By  WbeellMirrows.     I^bor  $1  per  day,  of  10  working  b^onb 


3 

si 

If 

Pure  Stiff  Clay,  or  Ce- 
mented GraTel. 

Light  Baady  Soils. 

n 

1 

TOTAL    COST     PER    CUBIC 

TOTAL    COST     PER    CUBIC 

fcf 

YARD,     KXCLUSIVB     OP 

YARD,     EXCLUSIVE    OF 

j 

1*. 

l! 

PROFIT  TO  CONTRACTOR. 

PROFIT  TO  CONTRACTOR. 

t 

hi 

M 

u 

hi 

H 

hi 

M 

u 

1 

1" 

S    £• 

a.    ^ 

ft*    ^ 

v^ 

FMt. 

Ca.Yd«. 

cu. 

CIS. 

cu. 

cu. 

cu. 

Cu. 

Cu. 

Cu. 

"TuT 

» 

».7 

4.00 

14.61 

18.87 

10.12 

8.87 

8.79 

8.04 

7.62 

6.n 

60 

n.1 

4.75 

16.90 

14.06 

10.80 

9.56 

9.47 

8.72 

8.20 

7.46 

76 

10.S 

644 

16.02 

14.77 

11.62 

10.27 

10.19 

9.44 

8.92 

8.17 

100 

17.1 

6.14 

16.74 

16.49 

12.24 

10.99 

10.91 

10.16 

9.64 

8.89 

160 

14.0 

7.60 

18.16 

16.90 

18.66 

12.40 

12.32 

11.67 

11.05 

lOM 

soo 

11^ 

8.88 

19.62 

18.17 

16.02 

19.77 

13.09 

12.94 

12.42 

11.67 

S90 

lOJ 

10.1 

88.96 

19.70 

16.46 

16.20 

15.12 

14.37 

13.86 

13.10 

aoo 

9.07 

11.6 

22.40 

11.16 

17.90 

16.66 

16.57 

15.82 

15.30 

14.66 

860 

8.U 

11.9 

28,76 

12.60 

19.25 

18.00 

17.92 

17.17 

16.65 

15.90 

400 

7.S0 

14.8 

16.20 

28.96 

10.70 

19.46 

19.37 

18.62 

18.10 

17.36 

4M 

6.71 

16.6 

16.66 

26.80 

22.06 

20.80 

20.72 

19.97 

19.46 

18.70 

600 

6.17 

17.0 

18.00 

26.76 

23.50 

22.25 

22.17 

21.42 

20.90 

20.16 

«l» 

6.S2 

19.7 

80.80 

29.66 

26.80 

25.06 

24.97 

24.22 

23.70 

22.06 

7tW 

4.67 

11.6 

8S.70 

82.46 

29.20 

27.95 

27.87 

27.12 

26.60 

26.86 

^W 

4.17 

86.1 

86.60 

86.26 

82.00 

80.75 

30.67 

29.92 

29.40 

28.66 

«<» 

8.76 

27.9 

89  JO 

88.06 

84.80 

83.56 

38.47 

82.72 

82.20 

81.46 

iniw 

8.48 

80.6 

41.10 

40.86 

87.60 

86.35 

36.27 

35.52 

86.00 

84.26 

rsio 

8.91 

86.1 

47.80 

46.56 

48.90 

42  05 

41.97 

41.22 

40.70 

89.90 

14*» 

1.68 

41.6 

68.40 

62.16 

48.90 

47.65 

47  57 

46.82 

46.80 

46.56 

1600 

8.S4 

46.9 

68.00 

67.75 

54.50 

6:4.25 

53.17 

62.42 

61.90 

61.16 

l^w 

1.00 

62.6 

64  80 

68.55 

OO.-W 

59.05 

58.97 

68.22 

57.70 

56.95 

■p*n 

1.81 

68.0 

70.50 

6n.25 

66.00 

64.75 

84. 67 

63.92 

63.40 

62.66 

2:->» 

1.66 

68.8 

76.00 

74.75        71.50 

70.25 

70  17 

69.42 

6t*.90 

6».16 

-iiin 

1.63 

68.6 

81.50 

80.25        77.00 

75.75 

75.67 

74.92 

74.40 

73.66 

^alto. 

IM 

76.6 

88.64 

87.89       84.14 

82.89 

82.81 

82.06 

81.54 

80.79 

Art.  19.  By  wheeled  serapeni  and  dmir  Mcrapeni.  The  body 
•f  the  wheeled  ecraper  is  a  box  of  smooth  sheet-steel  about  3U  ft  square  by  15  ini 
deep,  oontaining  aboat  ^  cublo  yard  of  earth  when  **eTeD  tall."  The  box  Is  open 
If  1  front  (In  some  machines  it  is  closed  by  an  "  end  sate  "  when  fbU),  and  can  be  raised 
and  lowered,  and  revolved  on  a  horizontal  axis.  To  fill  the  box,  it  is  lowered  into, 
and  held  down  in,  the  earth,  while  the  team  draws  the  machine  forward.  Whon  full. 
It  Is  raised  to  about  a  foot  above  gpround ;  and,  on  reaching  the  dump,  is  unloaded  by 
being  overturned  on  its  axis.  All  the  movements  of  the  box  are  made  by  means  of 
levers,  and  without  stopping  the  team,  which  thus  travels  constantly.  The  wheels 
have  broad  tirea,  to  prevent  them  from  cutting  into  the  ground. 

In  the  drag  scraper  the  box,  owing  to  the  greater  resistance  to  traction,  in  made 
much  smaller.  It  contains  about  .15  to  .25  cubic  yard  in  place,  and  is  alwayH  open  in 
front.  The  operation  of  the  drag  scraper  is  similar  to  that  of  the  wheeled  scraper, 
except  that  the  box,  when  filled,  rests  upon  the  ground  and  is  dragged  over  it  by  the 


Each  scraper  ("wheeled"  or  "drag*')  requires  the  constant  use  of  a  team  of  tw« 
horses  with  a  driver.  Besides,  a  number  of  men,  depending  on  the  shortness  of  the 
lead  and  the  number  of  scrapers,  are  required  in  the  pit  and  at  the  dump  to  load  the 
scrapers  (by  holding  the  box  down  into  the  earth)  and  unload  them  (by  tipping  the 
box).  Except  In  eand,  or  in  very  soft  soil,  it  is  economical  to  use  a  plow  before 
•craping. 

The  severest  work  for  the  team  is  the  filling  of  the  box  ;  and  this  occurs  oftenest 
where  the  lead  is  shortest.  Hence  smaller  scrapers  are  used  on  short  than  on  long 
hauls.    We  base  our  calculations  on  the  following  loads : 

For  drag  scrapers  (used  only  on  short  hauls) 2   cubic  yard 

For  wheeled  scrapers 

lead  less  than  100  feet ~ - 33  " 

"    100  to  300  feet 4  '* 

•«    400  to  600  feet - ...,,^,^^^J|»^C>S)Q .      " 

••   over  600  feet... ^-^.^ — «• .. .. —  A^      " 
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The  daily  MpenBe  per  scnper,  Ibr  diiTer^  wages  and  the  we  of  a  S-hone  team,  k 
about  S3^.  For  leads  of  400  feet  and  over,  we  add  50  cts  per  day  for  oae  of  **  match 
team  "  to  help  load  the  larger  ecrapers  then  used.  One  snatch  team  generally  serres 
a  number  of  scrapera. 

Owing  to  the  fact  that  the  teams  are  constantly  in  motion  without  rest,th^  trarel 
somewhat  more  slowly  than  with  carts.  We  take  IdO  ft  per  minute  (or  76  ft  of  lead 
per  minute)  as  an  average. 

In  loading  and  unloading,  the  teams  not  only  go  out  of  their  way  in  order  to  tarn 
around,  but  travel  more  slowly  than  when  simply  hauling.  To  cover  this  we  make 
an  addition  of  100  ft  to  each  length  of  lead,  whether  long  or  short,  for  wheeled 
scrapers  and  for  drag  scrapers. 

We  add  1  cent  per  cubic  yard  for  the  oostof  loading  and  dumping  the  scrapera ;  and 
estimate  the  approximate  cost  of  the  other  items  as  follows : 

Repairs  of  cart-road  ^  ct  per  cub  yd  in  place  for  each  100  ft  of  lead 

Light  Soils  Heavy  Soils 

Loosening  cts  per  cub  yd  in  place    cts  per  cub  yd  in  place 

by  pick ~ * 6. 

by  plow *  - 2. 

Spreading 1 ~ 1-5 

Superintendence,  wear  and  tear  etc., -  L  .,..^ «•  1. 

We  repeat  that  our  figures  ara  to  be  regarded  merely  as  tolerable  approximations^ 
and  subject  to  great  variations  according  to  skill  of  contractor  and  superintendent, 
strength  of  teams,  character  of  material  moved,  state  of  weather  etc  etc. 

No.  of  trips  per  day  _^  No.  (600)  of  mins  in  a  working  day 
per  scraper  —  jj^,  ^f  75  ^  lengths  in  (lead  +  100ft) 

No.  of  cub  vds  in  place  moved       No.  of  trips  per  ^  No.  of  cub  yds  in  plaoe^ 
per  day  by  each  scraper  day  per  scraper  ^      per  scraper  per  trip 

dumping  and  returning       ^o-  of  cub  yde  in  place,  moved         and  dumping 
per  day  by  each  scraper 

Total  cost  per  Cost  per  cub  yd  .1  ct  per  cub  yd  rv*  «wi*  ^k  w»i  i»  »i.^ 
cubic  yarf  in  in  iSace,  for  in  pliS,  foreaJh  S^oS^S*  ^J^Si!S2 
place  exclusive  «  loading,    haul-  +  100   ft   of  lead,  +  «[  ^SSSS^'JS^;^ 

^u.c^.    '^^J^^,    j^«p..»-S    St^SSSfiT  ""^ 

By  Wheeled  Serapere.    Labor  f  1  per  day  of  10  working  hours. 


(a) 

(b) 

(c) 

(d) 

If 

1! 

a^i 

?"i 

1^ 

^2  • 

LlKht  SoiU 

Hmvj 

Soils 

ill 

litl 

Picked 

naked 

S^-5 

and 

and 

and 

and 

<y 

BprtMUl 

Wasted 

Spread 

Waated 

Spread 

WaMSi 

Feet 

cub  yds 

cts 

Cts 

cts 

Cts 

Cts 

ets 

Cts 

60 

100 

4.5 

66 

5.6 

12.1 

10.6 

9.1 

7.6 

100 

90 

4.9 

7.0 

6.0 

1X5 

11.0 

9.6 

8.0 

160 

70 

6.0 

8.2 

7.2 

18.7 

12.2 

10.7 

9.3 

aoo 

60 

6.9 

9.1 

8.1 

14.6 

18.1 

11.6 

10.1 

800 

45 

8.8 

11.1 

10.1 

16.6 

l&l 

18.6 

12.1 

400 

45 

9.9 

12.8 

11.8 

17.8 

16.8 

14.8 

18.8 

600 

88 

11.5 

14.1 

13.1 

19.6 

l&l 

16.6 

16.1 

800 
1000 

80 

14.8 

17.1 

16.1 

22.6 

Sl.l 

19L6 

18.1 

24 

17.7 

20.7 

19.7 

26.2 

«.7 

3Sw2 

21.7 

'"■ii^S^K^SljJ^"  KSiY*"^  ^  advantageously  loosened  by  the  scnpcn  them- 
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By  "Dvmg  Mrapers. 

Labor  SI 

per  day  of  10  working  hours. 

(») 

(^) 

(c) 

(d) 

i, 

If!- 

ill 

ToUl  coat  pcrenUo  yard  In  plaoe,  •xelaslre  of  oontnioter's  profit 

Light  SoiU 

H«av7  Sotia 

I'J' 

Spread 

Waited 

Picked  and 
Spread  1  Waited 

Plowwl  and 
Spread         Waited 

Feet 
SO 
76 
100 
150 
200 

cub  yd» 

SO 
45 
86 
SO 

cts 
6.9 
8.0 
8.8 
10.8 
12.7 

Ct8 
9.0 
10.1 
10.9 
18.0 
14.9 

8.0 
9.1 
9.9 
12.0 
18.9 

Ct8 

14.5 
15.6 
16.4 
18.5 
20.4 

cts 
13.0 
14.1 
14.9 
17.0 
18.9 

cte 
11.5 
12.6 
13.4 
15.6 
17.4 

cts 
10.0 
11.1 
11.9 
14.0 
15.9 

Art.  13.  By  ears  and  loeoiuotlTe,  on  lerel  track.  We  hare  based 
ouroalculations  upon  the  following  assumptions :  Trains  of  10cars,each  car  con- 
tainioff  1}^  cubic  yards  of  earth  measured  in  place.  Average  speed  of  trains, 
inciuding  starting  and  stopping,  but  not  standing,  10  miles  per  hour,  =  5  miles 
of  lead  per  hour.  Labor  $1  per  day  of  10  working  hours.  I^ioosening,  loading 
(by  shoTelers),  spreading,  wear  dc  of  tools,  superintendence,  Ac,  the  same  as 
with  carts,  Arts  2,  8,  5,  and  7.  Loss  of  time  in  each  trip  for  loading,  unloading, 
dbc,  9  minnt«s,  =»  0.15  hour.    Therefore 

JRmaber of  trips  perl  ^     The  nnmber  (10)  of  honrs  In  a  working  day 
day,  per  train      j  "*  J16  -f  the  number  of  5-mile  lengths  in  the  lead 

Number  of  cubic')  Nnmber  of  Number  (10)  Namb«»r  (1.6)  of  cnbto 
yarda  lo  place,  per  >  a  trips  perday  X  of  cars  in  a  X  yarda  in  piace  in  each 
day  per  train  }       per  train  train  car 

tetnniing  j       Number  of  coble  yards  In  place  per  day  per  tnu 

•••  diigr^  train  expenses  t 

Obst  of  10  cars  ^  (lOO......................^.......^.....^  $1000 

**      locomotive  ......^......^.......•..•.....^.....^«..    8000 

$4000 

OoB  day's  Interest  at  0  per  cent,  on  cost  of  train ............•..^.......  fOJT 

Wages  of  engine  driver  (who  fires  his  own  engine).......... 8.00 

**       foreman  at  dump. •..., ^.^  2.00 

**       8  men  at  dump  at  $1 ....m........  ......... ......  8.00 

Tnel................... -.......« 2J0O 

Water....«. — . 1.00 

Bepairs  of  Icoomotive  and  can  .........  ...............M...M...M.M.........  2.83 

Total  daily  ezpeaae  of  one  train........... ■ ...........  ^^^  %1ZJ09 

Depreciation  (life  of  rolling  stock  taken  as  10  years) 
say  SlOO  per  annum  per  $1000, 
«  8400    "        "         ••  train, 
s>  $    4   "   day  (assuming  100  working  days  per  year)  ...    4.00 

Daily  expense  and  depreciation,  one  train 117.00 


Taking  cost  of  track,  laid,  at  $2500  per  mile,  and  its  life  at  5  years,  tlie  daily 
expense  of  traek,  for  interest,  depreciation,  handling  and  repairs,  may  be 
taken  at  16.00  for  each  mile  of  lead. 

Therefor^ 
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Cost  oer  onblo  yardin  plaiw.]        $17  -f  (t6  for  eafeh  mile  of  lead) 

for  iiHuling,  dumptug,  and  V  "  Number  of  Niimlw  (10)  Number  (1.6)  oi 
retarning  J       iripa  per  day  X  of  cart  in  a  X  c«bic  yarda    : 

per  traia  train  each  car 

l\»tal  cost  per  cable')  Cost  per  cub  yd  in  Cost  per  cubic  yard,  in  place,  tof 
yard  in  place,  I'X-  I  place  for  hauling,  .  loosening,  loading,  spreading  or 
elusive  of  coutrac-  \  ^  dumping,  and  n»-  ***  wasting,  and  superintendence,  Ac 
tor's  profit  J        turning  (Arts  ^  8,  6,  and  7.) 


) 


By  Cars  and  liOcomotlve. 

Labor  SI  per  day  of  10  trorking  hours. 

(a) 

(b) 

(c) 

(d) 

11 
Hi 

8^ 

pi 

11 

ToUl  cost  per  cable  yard,  in  place,  exelunlTe  ofeontracu^r*!  jvttdi 

LIsht  Soilj. 

Hear7  Sofia. 

1^ 

1.    h 

li 

'A 

ll 

H  1  h 

ll    It 

J" 

|-^s 

g* 

e  e 

£'* 

r 

E^ 

="  ll- 

ililes 

Cii.  yds. 

eta. 

cis.^ !  cj«.  :  cts. 

eta. 

Ct3. 

eta. 

Ct.H.     1     Ct!S. 

x^ 

750 

2.47 

11.30!  10.30!  10.04 

9.C4 

15.77 

14.27 

13.27    ii.n 

GOO 

8.38 

12.16    11.16 

10.90 

9.90 

16.63 

16.13 

14,13    12-63 

74 

495 

4.!14 

13.17 

12.17 

11.91 

10.91 

17.64 

16.14 

15.14 

13  64 

1 

420 

5.48 

14.31 

13.31 

13.05 

12.05 

18.78 

17.28 

16.28 

14.78 

2 

270 

10.74 

19.57 

18.57 

18.31 

17.31 

24.f>4    22.54 

21.54 

20.04 

8 

195 

17.9'{ 

26  78 

25.78 

25.52 

24.52 

31.25    29.75 

28.75 

27.25 

4 

150 

27.33 

36.16 

35.16 

34.90 

JJ3  90 

40.63    39.13 

38.13 

36.68 

Where  large  amonnts  of  work  are  to  be  done,  the  stoani  excaTator*  laad 
dredfre  or  !«l>eain  sliovel  generally  economizes  time  and  money.  Where  the 
ile])th  ut'  cutting  is  less  than  lU  ft,  so  much  time  is  loet  in  morlng  fruni  plact^  to  pk«ce 
that  the  excavators  do  not  work  to  advantage.  In  stiiT  soils,  cuttings  uiay  be  mad« 
alMut  from  17  to  20  ft  deep  without  changing  the  level  of  the  machine.  For  greater 
depths  in  such  soils  the  work  is  done  in  two  levels,  since  tlie  bucket  or  dipper  cannot 
reach  so  high.  But  in  sand  and  loose  gravel,  much  deeper  cuts  may  be  made  from  a 
single  level. 

The  excavator  resembles  a  dredging  machine  in  its  appearance  and  operatloD.  A 
large  plate-eteei  bucket,  like  a  dredging  bucket,  with  a  flat  hinged  bottom,  and  pro- 
vided with  steel  cutting  teeth,  is  forced  Into  and  dragged  througli  the  earth  by 
steam  power.  It  dunipo  its  load,  by  means  of  the  hinged  bottom,  either  into  cars 
fur  transportation,  or  upon  the  waste  hank,  as  desired. 

Each  maciiine  is  mounted  on  a  car  of  standard  gauge,  which  can  be  coupled  in  an 
ordinary  froiglit  train.  The  car  is  made  of  wood  or  iron,  as  desired,  and  is  provided 
with  a  locomotive  attachment,  by  which  it  can  be  moved  fVom  point  to  point  »a  the 
aork  proceeds.  The  machines  can  be  used  as  wrecking  or  derrick  «ara. 
Each  machine  has  a  water  tank,  holding  from  300  to  660  gallons,  for  the  supply  of 
Its  boiler. 

Before  beginning  to  excavate,  the  end  of  the  car  nearest  the  work  Is  lifted  ftom 
the  track  by  hydrnulio  or  screw  Jacks,  upon  which  It  rests  while  working. 

In  stiff  soils  the  excavator  leaves  the  sides  of  the  cut  nearly  vertical ;  and  the  de- 
sired slope  is  afterwards  given  l>y  pick  and  shovel.  When  the  soil  is  hard  or  much 
frozen,  it  ma.v  b^  loosened  by  blasting  in  advance  of  the  excavator. 
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The  excarator  hu  to  be  moTod  forward  (as  the  work  adTances)  abt  8  ft  at  a  time. 
A»  regularlj  miide,  it  can  dig  at  a  distance  of  17  ft,  horiron  tally,  from  the  center  of 
the  car  in  any  direciiou,  and  can  dump  12  ft  above  the  track.  In  sand  or  gravel  it 
takes  oat,  while  actually  digging,  3  dlpperftiis  (*«  4J^  to  tf  cab  yards  in  the  dipper, 
■■  3.76  to  6  cubic  yHtdt  in  place)  per  minute;  in  stiffclay,  2  dipperfhis  per  niinnta 
(iH  8  to  4  cub  yards  in  the  dipper,  aa  24  to  8.33  oubio  yards  In  place).  An  average 
day*s  work  (10  hours)  for  a  **No  1**  machine,  including  time  lost  in  moving  the  ma> 
chine.  Ac,  Is  about  600  cubic  yards  in  **  bard-pan,"  and  ftt>m  1200  to  1600  in  sand  and 
gravel.  This  allows  for  the  osoal  and  generally  anavoidable  delays  in  having  can 
ready  for  the  excavator. 

The  excavators  carry  aboot  80  to  00  lbs  of  steam.  They  bum  from  100  to  160  Ibi 
of  good  hard  or  soft  coal  per  hoar;  and  require  one  engineer,  one  fireman,  on« 
cranesman,  and  6  to  10  pitmen,  including  a  boss.  The  pitmen  are  laborers,  wlie 
attend  to  the  jacks,  lay  track  for  the  excavator  and  for  the  dump  cars,  assist  ie 
moving  the  latter,  bring  or  pump  water,  Ac,  fta 

After  reaching  the  site  of  the  work,  about  30  minutes  are  required  for  getting  th« 
excavator  into  working  condition ;  and  an  equal  length  of  time,  after  oompletioe 
of  the  work,  in  getting  it  ready  for  transportation. 

The  following  figures  are  taken  from  the  records  of  work  done  by  a  No  1  machine^ 
«om  May  to  Nov,  1888.  The  material  was  hard  clay  with  pockets  of  saud.  Th« 
axpenses  per  day  of  12  working  hours,  at  $L60  per  such  day  for  labor,  were 

Water  (a  very  high  allowance).... ^^..•.•.......^......•..mm  $  6.00 

Coal,  l^  tons  bltaminous.............................M.M-.M.......    laOO 

Wages  of  engineer  ......m.........mm....m....m...m. 4.00 

«*      «  fireman ^ ....^..........^ ............      1.60 

"      **  cranesman  or  dipper-tender  .•...MM...M......M..~...     2.60 

*■     ■*  pit  bees  ................M.«i...M.M......M...............«M      8.0O 

•     •«  8  pitmen  at  $1.60 12.00 

Oil,  waste,  repairs,  Ao  (estimated)  ....^..^^.m....... 6.00 

Interest  on  cost  ($7500)  of  machi  ne.«......M........... ...... ......      1 .26 

i«.26 

Beduoed  to  our  standard  of  11  for  labor  per  day  of  10  working  hours,  this  wonlii 
be  say  $30.00  per  day.  Reduced  to  the  same  standard,  and  allowing  for  the  greatei 
pr(^K>rtional  loos  of  time  in  stopping  at  evening  and  starting  in  the  morning:  th« 
average  daily  quantity  excavated,  measured  in  place,  wns,  in  shnllow  cutting,  63C 
cable  yards;  in  deep  cutting,  12U0  cubic  yards;  average  of  whole  operation,  806 
cubic  yards.  This  would  make  the  cost,  per  cubic  yard  measured  in  plac4%  for 
loosening  and  loading  into  cars,  6.07  cts,  2.6  cts,  and  3.76  ots  respectively  i  while  the 
cost  by  ploughing  and  shoveling,  in  strong  heavy  soils,  by  Arts  2  and 
8,  is  7.4  cts ;  and  by  picking  and  shoveling,  say  10  cts. 


( 
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Art.   14.    Removinff   ■•ock  exeaTmtioB    by  wtaeellMuvowa. 

A  cubic  yard  of  hard  rock,  in  place,  or  before  being  blasted,  will  weigh  about 
1.8  tons,  if  sandstone  or  conglomerate,  (150  ttie  per  ctibic  foot :)  or  2  tons  if  good 
compact  granite,  gneiss,  limestone,  or  marble^  (168  lbs  per  cubic  foot.)  So  Uiaft, 
near  enough  for  practice  in  the  case  before  us,  we  maj  assume  the  weight  of  any 
of  them  to  be  about  1.9  tons,  or  4256  lbs  per  cubic  yard,  in  place;  or  158  Imi  per 
cubic  foot. 

Now.  a  eoM  eabl«  yard,  wbea  broken  «p  by  WasUng  tar  rmBorml  by  wheeb 
barrowi  or  earte,  will  oooapy  a  epaee  of  abeok  1.8,  or  1|  enbto  yards;  whereas  awraga  aartk,  wh«s 
leoeened,  swells  to  bat  about  1  2,  or  li  of  Its  original  bulk  In  place;  although,  after  beiag  maM  tMe 
•mbankment,  ft  erentually  shrinks  Into  leas  than  Its  origfnal  bulk.  In  etUmatlng  Iter  earth.  It  is 
assumed  that  ^  cobie  yard,  in  place,  is  a  fkir  load  for  a  wheelbarrow.    Such  a  cublo  yard  will  wclgb 

on  an  average  SiSO  fts,  or  1.09  tons;  therefore,  -j^  b>  174  lbs.  Is  the  wei^t  of  a  bsrrt-r  Issd,  sf 

2.S1  eublo  fleet  of  looee  earth.    Assuming  that  a  barrow  of  loose  roek  should  weigh  abevi  thfS  aam» 

425fi 
as  one  of  earth,  we  may  take  it  at  ^  of  a  cubic  yard ;  which  gives  -^  =  ITTlbs  per  load  of  losM 

rock,  occupying  S  cubic  feet  of  space. 

In  the  following  table,  columns  2  and  S  are  prepared  on  the  same  principle  as  Ibr  earth,  as  direoted 
In  Article  10.  Column  4  is  made  up  by  adding  to  each  amount  in  oolamn  S,  .2  of  a  cent  for  eaoh  100 
feet  length  of  lead,  for  keeping  the  wbeellng-planks  in  order ;  and  45  cents  per  oablo  yard,  in  plaM^ 
as  the  actual  cost  for  looaenlng.  including  tools,  drilling,  powder,  Ac;  as  w»>ll  as  moderau draiimc^ 
and  every  ordinary  contingency  not  embraced  in  column  S.  Contractor's  proflu,  of  coarso,  are  ■•« 
here  included. 

Ample  exre^rlvQce  thuv>  tJiAtwbeD  Imbcr  U  ai  tl  perdnv,  iha  foregoing  45  eenta  per  cable  yard,  la 

fiace,  isaaeiflicL^QiJj  Liberal  B.lli;)waE]ae  for  1  dtikij li:ig  ti^md  TvcU  snder  all  ordinarr  cJreBSMtanses. 
n  practice  it  «UL  g eaeraUv  range  t>«^iwe«'n  90  mui  €*i  rtmi* ;  d(-r>'fiding  on  the  position  of  the  scrala, 
hardness,  tMtcbti'?**,  watc'r,  afi  J  nttt'rr  ccotiJ.i'rj.tkiiDL  Snfl  irbiitirs,  and  ether  allied  rocks,  may  tt^ 
quently  belixwunoJ  br  ^kk  «ud  flf^iilb,  bi  inw  u  I5ir>?0ceai4;  while,  on  the  other  hand,  shallow 
euttings  of  vGfjr  i^ufcii  rock,  with  aia  qnfaTora,til4  putltLoD  oi  tirnia,  espaeially  in  the  bottoms  of  ex« 
cavatlona.  maj" ctmI  |I ,  ftr rtca  wtaslUnhlj  in<»r<,  Tbew.  hniriirer,  are  exeaptieaal  eases, of  eaaa* 
paratively  rare  (n-turrenrcc.  Th«  quarrjing^r  nveraf«  |u»Td  rock  fcqoirss  about  $4  to  Xl^  of  powder 
per  cubic  yaH,  ia  p^a.-e ;  but  th«  □aLurt:'  nf  lb«  rock,  tba  pufllcltm  of  the  Strata,  Ac.  may  Inermselt 
to  ^  lb,  or  nio.r*'.  Sr^ft  rock  fretjucailj  rfrqolrt-s  luwre  tw*^#r  than  hard.  A  good  ehum^rtller  will 
drill  8  to  10  n  "L  In  rii-rih,  at  bol^a  ab^i^uL  2  ^  Tin?!  dnp,  aud  3  Indies  diameter,  per  dav,  in  averagi 
hard  rook,  at  Uuta  It  to  la  centa  per  fi>ft.    I>ri)leri  rewclve  blitbrr  wages  thaaoommon  laboroa. 


Hard  Roek,  by  Wkeelbarrows. 

Labor  fl  per  day,  of  10  >rorking  hours. 


Length  of 
Lsad.ordis. 
tanoeto 
which  the 
roek  la 
wheeled. 

Numberof 
oubio  vanla, 

wheeled  p«r 

day  by  each 

barrow. 

Coat  per 
cubic  yard, 

in  place, 
for  loading. 

wheeling? 
and 

emptying. 

ToUl  cost 
percuMc 

yard, in 
place,  ex- 
olualve  of 

profit  to 
eootractor. 

Length  of 

Lead.ordis. 

tanco  to 

which  the 
took  is 
whseled. 

Number  of 

Coatpor 
cable  yard. 

iaplaee, 
for  loading, 
wheeling. 

and 
emptying. 

Te«alee« 
perowbia 
yard.ia 
plaoo.a. 

profit  to 

Feet. 

Cubic  Tda. 

CenU. 

CenU. 

Feet. 

Cobie  Yds 

Cents. 

CaatiL 

25 

12.2 

8.64 

68.7 

600 

2J6 

85.5 

81.T 

fiO 

10.7 

9.81 

64.9 

700 

2.62 

46.1 

86.8 

T5 

9.58 

1.0 

56.2 

800 

2.84 

44.8 

91.4 

100 

8.66 

12.1 

67.8 

900 

2.12 

49.5 

96J 

ISO 

7.26 

14.5 

59.8 

1000 

1.94 

54.1 

101.1 

200 

6.25 

6.8 

62.2 

1200 

1.65 

6S.6 

115.0 

250 

5.40 

9.1 

84.6 

1400 

144 

72.9 

120L7 

SOO 

4.89 

21.5 

67.1 

1600 

1.28 

82.1 

180^4 

850 

4.41 

23.8 

89.5 

1800 

1.15 

91.5 

1401 

400 

4.02 

26.1 

71.9 

2000 

IM 

100.8 

149.8 

450 

8.69 

28.5 

74.4 

J200 

JS3 

110.2 

159.8 

500 

8.41 

80J 

76.8 

2400 

J79 

119.5 

189J 

Art.  10.  RemoTliiv  rock  exeawAtion  by  c&rts.  A  cart-load  of 
rock  may  be  taken  at  i  of  a  cubic  yard,  in  place.  This  will  weigh,  on  an  arerageL 
851  lbs ;  or  bu  1 41  lbs  more  than  a  cart-load  of  average  soi  I.  Si  nee  the  cart  itsel  f  wiU 
weigh  about  }^  a  ton,  the  total  ioads  are  very  nearly  equal  in  both  cases.  Columns 
2  and  3  of  the  following  table  are  prepared  on  the  same  principle  as  for  earth,  as 
directed  in  Art.  4.  Column  4  is  made  up  by  adding  to  each  amount  in  column  9^ 
the^followin^  items :  For  blasting,  (and  for  ererything  except  those  in  oohimn  8 ; 


,     .,  -J, — -.asting,  (and  for  ererything  except  

loading,  and  repairs  of  cart-road,)  45  cents  per  cubic  yard,  In  place;  for  loadini 

'       '    -  orjofaoeni 

dbyLjOogle 


^^^l  P®**-5?^'S  y**^*  *"  P^»ce ;  and  for  repairs  of  road.  .2,  or  Jof 
lOO-feet  length  of  lead.    Contractor's  profit  not  includ^^  ^  ^^q^^ 


linft 
eadi 
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Bard  Rock,  by  €arta. 

Labor  $1  per  day,  of  10  workiDg  hoars. 


Lmgtbor 

Nonherof 

CoRtper 

Total  cott 
pf  r  coble 

yard, In 
place,  ex- 
clnaive  of 

profit  to 
contractor. 

Length  of 

Number  or 

Cloii^vr 

Tnlal  4»il 

piarif*  «. 
ciwiTt  at 
pruQt  ta 
eoDLrmcLor 

Uead.ordto- 
taoce  to 

oabio  Tarda, 
Id  place, 

T,i^ 

[.ead,ordU. 
tanoe  to 

cubic  ?4rdi. 

in  tli«»n 

hanlrft  F>«r 

In  i^iicf,  far 

which  the 

baaled  per 

for  baollDg, 

which  the 

bmitlnii 

rock  la 
iMled. 

day,  breach 
eart. 

and 
emptying. 

TOCkiS 

hauled. 

day.t>,T«iicli 
carl. 

«i^i:ftvii]v. 

Feet. 

Cubic  Tdi. 

Centfc 

Centi. 

Feet. 

Cubic  Yds. 

Cents. 

Cenu 

» 

19.9 

6.51 

69.6 

1800 

5.00 

250 

81.6 

60 

18.5 

8.77 

59.9 

1900 

4.80 

36.0 

82.8 

75 

17.8 

7.08 

60.2 

MCO 

4.62 

27.1 

84.1 

100 

17.1 

7.29 

00.5 

THiO 

4.21 

29.7 

87.2 

160 

16.0 

7.81 

61.1 

XZM) 

8.87 

82.3 

00.8 

900 

15.0 

8.88 

61.7 

H  mUw 

8.70 

83.7 

92.0 

100 

18J 

9.87 

6S.0 

WOO 

8.88 

87.5 

96.5 

400 

13.0 

10.4 

64.2 

iV^ 

8.12 

40.1 

99.6 

600 

10.9 

11.5 

65.5 

5500 

2.92 

42.8 

102.8 

10  0 

12.5 

66.7 

37W 

2.76 

45.8 

105.8 

700 

9.SS 

13.6 

68.0 

umo 

2.61 

47.9 

106.0 

800 

8.57 

14.6 

68.2 

ii^Ji 

2.47 

50.6 

112.1 

MM 

8.00 

15.6 

70.4 

*s^ 

2.85 

58.2 

115.2 

1000 

7J0 

16.7 

71.7 

4TW 

2.24 

55.8 

118.k 

1100 

7.0f 

17.7 

72.9 

SftiOO 

2.14 

58.4 

121.4 

ISOO 

•.«7 

18.7 

74.1 

1  miis 

2.04 

61.2 

124.8 

ISOO 

6.sa 

19.8 

75.4 

1^*' 

1.87 

75.0 

141.2 

1400 

6.00 

20.8 

76.6 

m-* 

1.41 

6K.6 

157.6 

1600 

5.71 

21.9 

77.9 

m  '♦ 

1.22 

102.5 

174.0 

1000 

5.45 

22.9 

79.1 

2      *♦ 

1.08 

116.3 

190.4 

1700 

5.32 

24.0 

80.4 

«5<" 

.962 

13U.0 

206.8 

"  t^oaue  rock ''  will  cost  about  30  cts  per  yd  less;  and  even  solid  rock  will 

a9«rag0  aboat  10  ota  leas  than  the  tables. 

Art.  x6.  Removing  rock  excavation  by  cars  and  locomotive, 
<»n  level  track  ;  each  car  holding  I  cu  yd  of  rock,  instead  of  I.5  cu 
yds  of  earth  as  in  Art.  13.  Tins  makes  hauling  cost,  for  a  given 
lead>  50  per  cent  greater  than  for  earth.  Loosening  and  loading  costs 
are  as  in  Art.  15  ;  other  assumptions  as  in  Art.  13. 

Hard  Rock,  by  Cars  and  Locomotive. 
Labor  $1  per  day  of  10  working  hours. 


Lead, 

Cuyds 

Hauling  cost, 

Loosening, 

Loading, 

Total, 

Miles. 

per  day 
per  train. 

cts  per  cu  yd 

cts  per  cu  yd 

cts  per  cu  yd 

cts  per  cu  yd 

X 

SCO 

3-7 

45 

8 

56.7 

>4 

400 

5.0 

45 

8 

58.0 

H 

333 

6.4 

45 

8 

59.4 

I 

286 

8.0 

45 

8 

61.0 

2 

182 

16.0 

45 

8 

69.0 

3 

133 

26.2 

45 

8 

79.2 

4 

X05 

390 

45 

8 

92.0 
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TUNNELS. 

Tanuels  for  railroads  should.  If  poaalble,  be  stralvtat,  espoi 
dnlly  when  there  is  but  a  single  track ;  inasmuch  as  cuilislons  or  other  accMenU 
in  H  tunnel  would  be  peculiarly  disastroua.  A  tunnel  will  rarely  be  expedient 
before  the  depth  of  cutting  exceeds  60  feet.  Firm  rock  of  moderate  hardnesik 
and  of  a  duralile  nature,  Is  the  most  fHTOroble  material  for  a  tunnel; 
especially  if  free  t'rotu  sprinKS,  and  lying  in  horiaonial  strata.  In  soft  rock,  of 
in  shales  (evt'n  if  hard  and  firm  at  first),  or  in  earth,  a  lining  of  bard  brick  or 
masonry  in  cement,  is  necessary.  A  tunnel  should  have  a  |rrade  or  tneil* 
nation  in  one  direction,  for  ease  of  future  drainage  and  ventilation.  No 
special  arrangement  is  essiential  for  ventilation  either  during  construction, 
or  after,  if  tiie  length  does  not  exceed  about  1000  fe^t;  but  beyond  that,  gen- 
erally dnring  construction  either  shafts  are  resorted  to,  or  means  pronded  for 
forcing  air  into  the  tunnel  through  pipes  from  its  ends.  But  after  the  wocfc  it 
finish^,  except  under  peculiar  circumstances,  nothing  of  the  kind  is  r  ~ 


> 


Shafts  often  draw  air  downwards ;  and  frequently,  even  when  aided  by  a  ateem 
uniform  grade,  do  not  secure  ventilation.  The  Mont  Cenis  tunnel  nnder  the 
Alps,  completed  in  1871,  is  7^  miles  long,  and  has  no  shafts,  although  it  grades 
up  from  each  end,  which  is  the  most  an  favorable  of  all  conditions  Tor  ventlliM 
tion  without  shafts.  It  was  made  so  for  facilitating  druinage.  Its  ventilatioa 
is  maintained  by  air  forced  in  from  the  ends.  TbeHoosac  tunnel,  Mass,  4^ 
miles  long,  has  shafts :  one  of  them  lOao  feet  deep:  but  they  were  for  expediting 
the  work.  Shafts  generally  eost  fh>m  lU  to  8  times  aa  much  per  cable 
yard  as  the  main  tunnel,  owing  to  the  greater  dlfflculty  of  excavating  and  r»> 
moving  the  material,  and  getting  rid  of  the  water,  all  of  which  moat  be  doD« 
by  hoisting.  When  through  earth,  they  must  be  lined  aa  well  as  the  tasnel- 
and  the  lining  must  usually  be  an  under-pinning  proceaa.  Or  the  lining  mar 
first  be  built  over  the  intended  shaft,  and  then  sunk  by  undermining  it  grad- 
ually. Their  sectional  area  commonly  varies  Arom  about  40  to 
100  square  feet.  They  have  the  great  advantase  of  expediting  the  work  by  in* 
creasing  the  number  of  points  at  which  it  can  oe  carried  on ;  but  if  placed  too 
close  togetlitfr,  their  cost  more  than  compensates  for  this.  The  air  in  some 
tunnels,  while  heinc  constructed,  is  much  more  fool  than  in  otliers;  so  that 
after  the  work  has  been  commenced,  shafts  with  forced  air  mar  be  expedient 
where  they  were  not  anticipated.  In  excavating  the  tunnel  itself,  a  headlnc 
or  passngf'-way,  5  or  8  feet  high,  and  S  to  12  feet  wide,  is  driven  and  maintained 
a  short  distance  (10  to  100  feet,  or  roorcL  according  to  the  firmness  of  the  ms* 
terial)  in  advance  of  the  main  work,  in  rock,  the  heading  is  Just  below  the 
top  of  the  tunnel,  so  that  the  men  can  conveniently  drill  holes  In  Its  floor  foi 
hlastinff;  but  in  earth,  the  heading  is  driven  along  the  bottom  of  the  tunneL 
that  being  the  most  convenient  for  enlarging  the  aperture  to  tiie  MX  tunnel 
size,  by  undermining  the  earth,  and  letting  it  fall.  In  earth,  the  top  and  iddet 
of  the  bending,  as  well  as  of  the  tunnel,  must  be  carefully  prevented  from 
caviuK  in  before  the  lining  Is  built ;  and  this  is  done  by  means  of  rows  of  vertl» 
cal  rough  timber  props,  and  horisontal  caps  or  overhead  pieros,  between  which 
and  the  earth  rough  ooards  are  placed  to  form  temporary  supporting  sides  and 
ceiling  to  the  excavation.  The  props  and  caps  are  placed  first ;  and  the  boards 
are  then  driven  In  between  them  and  the  earthen  sides  of  the  excavation. 
These  are  gradually  removed  as  the  lining  is  carried  forward.  The  ilBtny, 
when  of  brick,  is  usuallT  from  2  to  8  bricks  thick  (17  to  26  inches)  at  bottom, 
and  from  1^  to  2\^  bricks  thick  at  top;  and  when  of  rough  nibble  in  cement, 
about  half  again  as  thick.  It  is  important  that  the  bricks  or  stone  should  be 
of  excellent  hard  quality,  and  laid  In  good  cement.  The  bricks  should  be 
moulded  to  the  shape  of^the  arch.  As  the  lining  is  flnished  in  short  lengthy 
and  before  the  centers  are  removed,  any  eavltles  or  voids  between  it  ana 
the  earth  should  be  carefully  and  compactly  filled  up.  Even  In  rock,  if  much 
flMured,  or  if  not  of  durable  character,  as  common  shale,  lining  is  necesmrj. 
The  eross-seetlon  of  a  single-track  railroad  tunnel,  in  the  clear  of  ev<srr» 
thing,  and  for  cars  of  11  feet  extreme  width,  should  not  be  le»$  than  about  If 
feet  wide,  by  18  feet  high ;  nor  a  double-track  one,  less  tlian  27  feet  wide,  by  91 
feet  high  *,  unless  in  the  last  case  the  material  is  firm  rock,  in  which  a  high  arch 
is  not  necessary  for  lining.  The  roof  may  then  lie  much  flatter,  so  that  a  height 
of  20  feet  may  answer.  With  cars  of  10  feet  extreme  width,  the  width  of  the 
tunnel  may  be  reduced  to  25  feet;  or  with  9  feet  cars,  to  28  feet  Many  hare 
been  made  22  feet.  The  Mont  Cenis  is  26  feet  wide,  by  25  hivh.  IThe  rate  oC 
dally  progress  from  each  fnce  of  a  tunnel  varies  tram  18  Inches  to  ft  feet  of 
length  per  2rhourB,  with  three  relays  of  workmen.   On  the  Mont  Cenis  ths  e» 
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trames  were  abont  4  to  9  feet  dallr  for  n  whole  year,  from  each  face.  Drills 
worked  by  coinpreased  air  were  employed  in  the  headings,  which  were  12  feet 
wide  br  8  feet  hish.  Ordinarily,  from  I^  to  3  feet  may  be  taken  as  averag^es. 
The  difrerence  of  rate  of  proi^ress  between  a  single  and  a  double  track  tunnel 
is  not  so  great  as  might  be  supposed  ;  inasmuch  as  a  larger  force  can  be  era* 
>loved  on  the  wider  one.  If  the  tunnel  is  in  earth,  the  construction  of  the 
infug  about  makes  up  for  the  slower  excaTatlon  of  one  in  rock.  In  rock,  with 
labor  at  $1  per  day,  the  cost  will  usually  Tary  with  the  character  of  the  rock, 
from  $2  to  95  per  cubic  yard  for  the  main  tunnel ;  and  from  tS  to  $10  for  the 
heading;  while  shafts  will  average  about  60  per  cent,  more  than  heading.  The 
cost  of  a  single-track  tunnel,  when  common  labor  is$l  per  day,  will  generally 
range  between  $30  and  $75  per  foot  of  length.  Tunnel  work,  however,  is  liable 
to  serious  contingencies  which  cannot  be  foreseen.  Since  the  aides  ana  roof  are 
rough  as  blasted,  the  width  and  height  should  each  be  estimated  to  the  con* 
tractor  as  about  \8  inches  or  2  feet  greater  than  the  established  clear  ones.  At 
any  rate,  the  mode  of  measurement  should  be  clearly  stated  in  the  speci6cationa 
for  the  work.  When  a  tunnel  is  made  with  a  uniform  grade,  the  work  gen- 
erallr  progresses  in  a  more  satisfactory  manner  from  the  lower  end,  because 
the  descent  favors  the  drainage  of  the  spring  water  that  is  usually  met  with; 
whereas,  at  the  upper  end,  it  must  be  removed  by  pumps  or  by  bailing.  The 
upper  end  has,  however,  the  advantage  of  sooner  getting  rid  of  the  smoke  ir> 
blasting.  Before  commencing  a  tunnel,  or  even  deciding  upon  one,  trial 
•h»fts  should  be  sunk  to  ascertain  the  nature  of  the  materisl.  In  long  one!<, 
ihe  greatest  care  and  accuracy  are  necessary  for  preserving  the  line  of  direc- 
tion, so  that  the  work  from  both  ends  shall  meet  properlv  at  the  center. 

In  the  heading  of  the  Yoeburg  (Pa)  tunnel  of  the  Lehigh  Valley  R  R,  built 
1884,  crosa-section  7^  feet  X  26  feet,  the  aweraffe  proyrem  per  working 
diiv  of  24  hours  with  two  shifts  of  12  hours  eacTi,  was  as  follows;  by  hand 
drflling  2.8  feet  and  2.4  feet  respectively  from  each  end ;  by  machine  drills 
(two  rival  drills  in  competition)  5.6  feet  and  7.8  feet.  The  material  was  hard 
gray  sandstone.    For  the  whole  tunnel  the  rate  was  about  2  feet  per  day. 

For  further  Information  respecting  tunnels,  the  reader  Is  referred  to  Mr. 
B.  S.  Drinker's  very  f\ill  treatise  on  the  subject,  published  by  the  Messrs  Wilef, 
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Figs  1,2  3,  5,  6,  7,  are  elewations  of  trentles:  Uken  across  the  track  or 
roadway.  We  may  consider  Fig  1  as  adapted  to  a  height  of  about  10  to  20  ft ;  Figs  2 
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tadSytohelgbtifromaotoaoftj  Fig  0,  finom  80  to  40  f«t  f1gS,irom4l>to6C  iI;m 
lough  approximations  merely.  A  elogle  rramework,  snch  m  that  shown  in  «nch  ol 
theae  Biz  fiKure«,  ia  called  a  **bent**  These  bents  of  coarse  admit  of  many  modit* 
cations.  Tliey  are  nsiially  eapported  by  bases  of  masonry,  as  in  the  figares.  Thess 
praserTe  the  lower  timbers  from  contact  with  tba  earth,  which  would  hasten  thelt 
oecay.  It  is  advisable  to  make  these  bases  high  enough  to  prevent  injury  from  cattla^ 
wpssslng  vehicles,  Ac.  Up  to  heights  of  about  40  or  fiO  ft,  a  single  row  of  posts  or  up' 
rights,  a, «,  a,  Figs  1  to  9,  as  shown  at  e  «  under  Figs  1  and  6,  will  answer.  Bnt  as  the 
hdght  becomes  greater,  more  posts  should  Ite  introduced,  as  shown  at  «x  under  Fig 
ft;  or  two  entire  rows  of  them ;  or  three  rows,  as  under  Fig  7 ;  and  as  also  in  Fig  8, 
which  ia  an  eud  view  of  Fig  7.  Figs  7  and  8  bear  much  resemblance  to  the  trestles 
190  ft  high,  with  masonry  bases  30  ft  high  (8.  Seymour,  0.  K.),  which  carried  the 
Brie  Rway  (now  the  N  Y,  Lake  Erie  A  Weston  R  R)  over  the  i4cne»ee  River  at 
Portaire,  N  T.  There  each  bent  had  21  posts  U  ius  square,  at  its  base ;  and  1ft 
posts  of  12  X 12,  at  its  top.  The  other  timbers  were  6  X 12;  many  of  them  were  In 
pairs,  embmcing  the  posts.  This  single-track  viaduct  was  begun  July  1, 1861,  and 
completed  Aug.  14, 1862.  It  contained  1,602,000  ft  (B  M)  of  timber,  and  106,862  lbs 
of  iron.  In  tlie  foundations  were  9200  cub  yds  of  masonry.  The  entire  cost  was 
about  $140,000.  It  was  burned  down  in  1875,  and  was  replaced,  in  less  than  S  mo^ 
with  a  single-track  viadnct  of  wrouarht-lron  trestles,  containing,  ia 
all,  1,840,000  lbs  of  iron,  and  ISO.GOO  ft  (B  M)  of  timber;  and  costing,  complete, 
above  the  raasonrv,  about  995,000.  Frequently  the  posts  of  trestles  are  in  pairs; 
and  the  other  timoers  pass  between ;  all  bolted  together. 

In  Fig  4,  the  posU  a,  a,  a,  are  end  views  of  three  trestles  or  bents,  snch  as  Fig  S; 
mad  tt  are  diag  braces  extending  flrom  trestle  to  trestle ;  the  two  outer  onra  inclining 
in  one  direction ;  and  the  central  one  crossing  them.  These  may  be  placed  althev 
Intermediate  of  the  posts,  as  in  Fig  3;  with  the  heads  of  the  two  outer  ones  confined 
to  the  cap  c  c  of  one  trestle ;  and  their  feet  to  the  aill  y  y  of  the  next  one ;  or  thef 
may  all  be  spiked  or  bolted  to  the  poste  themselves,  as  in  Fig  4.  The  last  is  the  best, 
as  it  serves  also  directly  to  stiffen  tlie  posts:  as  do  also  the  braces  oo, «  «,  Fig  2. 
Such  bracing  is  too  frequently  omitted.    During  the  pasaage  of  trains,  the  backward 

Sressure  of  the  steaui,  exerted  through  the  driving  ~7heus  against  the  track,  pio> 
uces  a  serious  strain  lengthwise  of  the  road,  and  tending  to  npeet  the  trestles;  and 
the  sudden  application  of  brakes  to  a  moving  train,  produces  a  similar  stnin  in  the 
opposite  direction.  These  strains  become  moredangeronsiasthe  bt  increases.  Hescs 
the  need  for  8uch  braces.  Usnallv  the  outer  posts  lliajr  lean  l.ft  to  2.5  Ins  to  a  ft. 

The  posts  should  not  be  less  than  about  V2  ins  square,  except  in  quite  low  trestles ; 
and  even  then  not  less  than  about  10  X 10.  The  diag  bracing  may  generally  be  about 
as  wide  as  the  posts ;  and  half  as  thick.  The  dist  apart  of  the  bents,  when  the  roait 
way  is  supported  by  simple  longitudinal  beams,  should  not  exceed  10  or  12  ft,  for 
railroads.  Bnt  if  these  beams  receive  support  from  braces  beneath,  like  $•,  Fig  8 :  at 
from  iron  truss  rods,  the  dist  may  be  extended  to  1ft  or  20  oc 

mora  n.  But  when  the  trestles  become  very  high,  and  contain  a  great  deal  of  tim- 
ber, it  becomes  cheaper  to  place  them  fkrther  apart,  say  30  to  60  ft;  and  to  earn 
the  railway  upon  regular  framed  trusses,  as  at  «  «,  Figs  7  and  8;  as  In  a  bridge  with 
■tune  piers.    In  the  Qenesee  viaduct,  the  trestles  were  60  ft  apart,  center  to  center. 

Wlien  such  a  trestle  as  Fig  8  becomes  very  narrow  in  proportion  to  Its  height,  «s 
may  add  to  its  stability  by  introducing  beams  w,  extending  from  trestle  to  trestle  | 
«nd  still  further  by  Inserting  diag  braces  o  e,  as  io  the  old  Genesee  viadnct. 

An  far  as  prncticnble,  arrange  the  pieces  so  that  any  one  may  be  removed  if  tt 
lieconies  decayed ;  and  another  put  in  its  place. 

On  enrves,  additional  strength  should  be  given  on  the  convex  side;  aa  aag> 
geitieii  by  the  dotteii  lines  in  Fig  5.  On  very  high  trestles  especially  (as  well  ai 
on  bridges),  wheel-guards,  g g,  tig  10,  either  inside  or  outside  of  the  nib, 
should  never  be  oniiited. 

in  marshy  gromtd^  piles  may  be  driven  to  jnpport  the  3resties;  or  may  be  left  se 
Jkr  above  ground,  as  themselves  to  constitute  the  posts.  Snch  trsstles  may  oftei  be 
used  advantageously,  even  when  to  be  afterward  filled  In  by  embkt.  They  then  sn«> 
tain  tlie  rails  at  their  proper  level  nutii  the  embkt  has  reached  It  final  settlement. 

They  are  generally  nsed  to  avoid  the  expense  of  embkt;  eqtecially  when  earth  can 
only  be  obtained  ftom  a  great  dint.  Even  when  earth  and  timber  are  equally  con- 
venient, thev  will  rarely  much  exceed  about  half  the  cost  of  embkt:  even  when  b«l 
about  30  ft  high ;  but  owing  to  their  liability  to  decay,  they  ahonla  be  resorted  «» 
only  in  case  of  necessity ;  or  as  a  temporary  expedient. 

Brldires.    See  Trusses,  p  689,  etc,  and  Stone  Bridges,  (Arehee),  p  61S,  etcu 
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ROLLING  STOCK 

GBSTBRAL 

1.  General  features,  and  details  common  to  both  locomotive 
and  cars.  Under  this  head  we  aim  to  glTe  only  such  general  In- 
formation as  may  be  serviceable  to  civu  engineers,  who  are  con- 
cernd  chiefly  with  the  flxt  plant  of  railways. 


Fiff.  1 


2.  Tracks.  A  tracic,  Fig  1,  is  a  -frame  Into  which  the  journal 
boxes,  O,  of  the  axles  are  fitted,  and  which  supports  the  car  body. 
In  the  U.  S.,  a  trucl£  is  seldom  used  singly,  supporting  the  vehicle 
by  direct  and  rigid  attachment ;  but  is  almost  invariably  connected 
with  the  car  or  locomotlv  by  means  of  a  pivot,  P,  which  enables  it 
to  adapt  itself  to  changes  In  direction  of  track.  Trucks,  especially 
the  side  pieces,  88,  were  formerly  made  up  of  heavy  steel  flat  bars, 
forming  a  simple  truss,  and  many  are  still  in  use.  On  newer  equip- 
ment, "pressed"  steel  side  frames  are  largely  used  (which  act  as 
girders)  and  also  cast  steel  side  frames,  being  patternd  after  the 
older  flat  bar  trussed  frames. 

3.  The  plTOt,  P,  is  at  the  center  of  the  truck,  except  in  spoclal 
types  of  locomotlv  trucks,  and  in  some  electric  car  trucks  where 
only  one  motor  is  used  on  one  pair  of  wheels  and  where  the  pivot 
is  placed  more  nearly  over  the  driving  wheels,  to  give  better 
"adhesion." 

4.  Slde-bearlnffTs.  The  load  Is  usuallv  carried  by  bearings  at 
the  pivot,  and  only  those  loads  due  to  the  side  swing  of  the  car 
are  taken  by  side-bearings,  B,  B;  but  in  some  types,  now  in  use,  all 
the  loads  are  carried  by  the  side  bearings,  while  the  pivot  takes 
none. 

5.  Sprlngra*  Elliptic,  flat,  or  coild  springs  are  provided  between 
the  main  truck  frame,  F,  and  the  bolster,  B  P  B,  which  carries  the 
pivot  bearing.  For  passenger  service,  at  least,  a  colld  spring  is 
placed  also  between  each  journal  box  and  the  truck  frame.  Coil 
springs  are  built  in  nests  of  two  or  more,  one  within  the  other,  and 
these  nests  are  also  used  in  pairs,  side  by  side,  or  in  groups  of 
four  or  more,  especially  where  used  between  the  truck  frame  and 
the  car  body.     Semi-elliptical  springs  are  usual  on  locomotivs. 

6.  Joarnal  Boxes.  The  journals  turn  in  the  journal  boxes. 
The  bearing  is  of  course  upon  the  upper  side  of  the  journal.  Each 
box  is  large  enough  to  contain  a  supply  of  olid  waste  for  lubrica- 
tion. A  lid,  L,  permits  access,  and  keeps  out  much  dirt.  Roller 
bearings  have  been  used  in  electric  traction  work. 

7.  Journals.  Under  cars,  and  In  the  axles  of  two-wheeld  loco- 
motlv trailer  trucks,  the  journals  are  at  the  ends  of  th«  axles, 
outside  the  wheels;  In  loco  driving  wheel  axles,  between  the  driv- 
ing wheels.     Journals  range  from  3%  to  6  ins  in  diam.  and  from 

7  to   11   ins   in   length.     Trailer  truck   journals  iarjB,.4aL  large  as 

8  x141ns.  ..digitized  by  ^OUg. 
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Wheels. 

8.  Hateiiahk  Cast  Iron  wheels,  of  which  the  treads  and 
flanges  have  been  chilled  to  give  added  surface  hardness,  are  still 
largely  used  in  freight  service.  Steel  tired  iron  wheels,  or  forged 
or  rolled  all-steel  wheels,  are  almost  exclusivly  used  for  heavy  pas- 
senger service. 


Fig.  2. 


e.  Tread  and  flanse*  for  Master  Car  Builders'  standard  cast 
iron  wheels,  and  their  relations  to  the  rail  heads  (including  gard 
rails)  are  shown  in  Fig  " 


W  =  wheel  gage  =  4'  7"/i.* ; 
F  =  flange  gage  =  4'  5V««  ; 
t    =  tread  =0'4"A,''; 

=  4' 5-; 
w  =  flangeway      =  (K 1  %\ 


A  =  overall  gage  =  5' 4%"; 
C  =  check        "     =4'C»/o4"; 
/    =  flanee  thcks.  =  O*  1»V64"  ; 
X  =  gard  rail  and  wing  rail  gage 
O  =  track  gage    =4' 8%".; 

Wheel  diameter  is  measured  on  center  line,  A  B,  of  rail. 

10.  Standard  or  nana!  dlam»  for  all  car  wheels,  83  ins.  Wt  of 
each  wheel,  620  IbS'  for  30-ton  capacity  car,  to  720  lbs  for  60-ton. 

11.  Conlnar  of  wheel  treads.  In  order  to  obviate  or  diminish  the 
resistances  which  would  occur  under  a  wheel  with  a  cylindrical 
tread,  when  rounding  curvs,  (see  Train  Resistance,  K  36,  p  1061),  the 
transition,  from  the  tread  to  the  flange  of  the  wheel.  Is  made  by 
means  of  a  curv,  or  "fillet'*,  of  about  1  inch  radius,  which  usually 
keeps  the  side  of  the  flange  away  from  the  side  of  the  rail  head : 
and  the  wheel  tread  is  "coned"  (with  its  greater  diam  nearer  the 
flanges),  in  order  that  the  outer  wheels  (traveling  always  toward 
the  outer  rail)  may  thus  be  made  to  roll  upon  their  larger  dUuna, 
and  the  inner  wheels  upon  their  smaller  diams ;  but,  under  trafSc. 
the  coning  becomes  reduced,  and  even  reverst,  the  wheel  diam,  next 
the  flange,  sometimes  becoming  even  less  than  that  farther  from 
the  flange.  Prior  to  1007,  the  standard  coning  of  the  Master  Cat 
Builders^  Association  was  V«8  (Vie  inch  in  2»A  inches).  In  1907. 
the  standard  coning  was  Increast  to  Vm  (V»  inch  in  1  Vs  ins).  The 
Pennsylvania  Railroad  found  breakages  of  wheel  flanges  greatly 
reduced  by  the  increase  of  coning.  (See  Ry  Age  Gas,  1912  Jul  19. 
P92.) 

12.  Tires.  The  function  of  a  tire  is  to  give  added  strength  to 
the  wheels  and  to  resist  wear.  Tires  are  either  shrunk  on  to  the 
wheels  by  reduction  of  temperature,  or  dampt  on  in  one  or  another 
of  many  different  ways,  or  both. 

Brakes. 

13.  A  Brake  Shoe  is  a  metal  piece  so  shaped  on  one  side  as  to 
conform  with  the  tread  and  flange  of  the  wheel.  Ordinarily,  one 
brake-shoe  is  provided  for  each  wheel,  but  "clasp"  brakes,  having 
two  shoes,  one  on  each  side  of  each  wheel,  appear  to  have  markt 
advantages.  The  two  (or  four)  shoes  for  a  pair  of  wheels  are 
attacht  by  Brake  Beams  (frequently  trussed  to  give  added  strength) 
placed  parallel  to  the  axle,  either  between  the  two  pairs,  or  outside, 
according  to  convenience,  etc,  or  both,  as  in  the  "clasp"  brake. 
Brake  Hangers  are  attacht  to  the  brake-beams  a^^j|^i|5^ In  such 
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a  way  as  to  take  the  forces  produced  by  the  friction  of  the  shoes 
against  the  wheels  and  to  hold  the  shoes  in  place.  A  system  of 
Brake  Levers,  distributing  the  brake  pressure  properly  to  all  the 
wheels,  connects  the  brake-beams  with  the  source  of  brake  actuat- 
ing force,  i.  c,  with  the  shaft  of  the  hand-wheel  or  with  the  piston 
of  the  air-cylinder,  or  with  both. 

14.  Air  brakeii.  For  the  operation  of  the  brakes  by  comprest 
air,  each  car  is  provided  with  a  Brake  Cylinder,  fitted  with  a  pls> 
ton  connected  with  the  system  of  brake  levers.  Each  car  is  equipt 
also  with  a  Brake  Pipe  running  its  entire  length.  The  brake  pipe 
bas  a  flexible  hose  at  each  end,  and  connections  whereby  the  entire 
line  may  be  jolnd  together,  and  also  with  one  or  two  steam-oper* 
ated  Air  Compressors,  carried  on  the  locomotiv.  A  Brake  Valv, 
placed  in  the  locomotiv  cab,  enables  the  engineer  to  control  the 
brakes  on  the  locomotiv  and  tbruout  the  entire  train. 

15.  «Stralfcht^  air  brake.  In  this  brake,  the  comprest  air 
passes  from  the  compressor  (or  from  a  reservoir  of  comprest  air) 
on  the  locomotiv,  thru  the  engineer's  brake  valv,  and  the  brake  pipe, 
directly  into  the  brake  cylinders;  thus  applying  the  brakes.  Its 
operation,  however,  is  not  rapid  enough  for  long  trains,  and  has  the 
very  great  disadvantage  that  any  failure  of  the  air  supply,  as  by  a 
burst  hose,  will  result  in  failure  of  the  entire  system ;  and  this  is 
most  likely  when  the  demand  upon  the  system  has  been  heaviest. 

16.  The  <«aiitoinatlc^  air-brake  practically  overcomes  these 
objections.  Each  car  carries  an  Auxiliary  Reservoir  of  comprest 
air,  and  is  provided  with  a  special  elaborate  valv,  known  as  a 
^'Triple  Valve",  operated  by  differences  in  pressure  between  the 
brake  pipe  and  the  car  auxiliary  reservoir.  The  essential  feature 
Is  that  a  reduction  In  pres,  in  the  brake  pipe  (causd  either  by 
the  operation  of  the  engineer's  brake  valv,  by  an  emergency  valv 
on  a  car,  or  by  a  failure  of  the  train  line)  so  operates  each  triple 
valv  that  air  passes  thru  it  from  the  auxiliary  reservoir  of  each 
car  into  the  brake  cylinder.  To  release  the  brakes,  the  engineer 
sets  his  brake- valv  into  such  position  as  to  restore  the  normal 
pres  in  the  train-line ;  whereupon  the  triple  vaivs  permit  the  escape 
of  the  air  from  each  brake  cylinder,  and  suitable  springs  ensure  the 
release  of  the  brake  shoes  from  the  wheels.  The  engineer's  brake 
valv  bas  several  positions,  by  means  of  which  the  brakes  may  be 
either  (1)  gradually  releast,  (2)  all  held  as  they  may  have  been 
set,  (3)  gradually  applied,  or  (4)   instantly  applied. 

17.  «Hl8rb  ipeed  brake."  In  this  the  pressures  employd  are 
nearly  or  quite  sufficient  to  skid  the  wheels  In  spite  of  the  relatlvly 
low  iric  coef  of  the  brakes  at  high  speed  (see  "EYIctlon",  p412). 
But,  as  the  speed  of  the  train  is  reduced,  the  air  is  allowd  to 
escape  gradually,  so  as  to  avoid  skidding  the  wheels  as  the  fric 
coef  increases. 

18.  Blectrlc  control  of  the  valvs  Is  largely  used  in  "multiple 
unit"  electric  train  control ;  and  it  has  been  advocated  for  very 
long  steam  trains  where  even  the  "automatic  air"  brake  is  at  times 
troublesomely  sluggish  in  its  operation.  On  electric  cars,  an  air 
compressor  on  eacn  car  is  operated  by  an  electric  motor  on  that  car. 

19.  Blectrle  brakes  have  been  largely  used  on  electric  street 
cars.  In  the  Westinghouse  electric  brake  the  motors  of  the  car  are 
caused  to  generate  electricity  which  magnetizes  a  shoe  carried 
directly  over  each  rail.  The  shoe  then  clings  to  the  rail,  and  the 
resulting  drag  forces  the  brake  shoes  against  the  wheels.  Electric 
brakes,  depending  on  the  rotation  of  the  motors,  cannot,  however, 
keep  a  car  standing  on  a  grade. 

20.  New  hiRh-speed  brake.  The  Westinghouse  Air  Brnko  Co., 
together  with  Pennsylvania  Railroad  (S.  W.  Dudley,  Asst  Chf  Engr. 
Am  Boc  M.  E.,  N.  Y.  Sertlon.  1014  Feb  10)  very  thoroly  tested  a 
new  air  brake,  with  the  following  results;— .g-j.^^^j^^l^OOQle 
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Train  of  12  steel  passr  cars  and  modem  loco:  total  leth  abt  1000 

ft :  total  wt  abt  1000  tons 
Speed,  miles  per  hour,  30  60  80 

Ordinary  brake  stopt  train  in  1600  to  1800  feet 

New  ••         '•        ••      "  200  1000         2000        feet 

21.  Tacmiin  brakes  hare  been  employ d  to  a  small  extent.  Their 
operation  is  much  the  same  as  that  of  the  (comprest)  "air  brake". 
As  it  Is  of  course  impossible  to  obtain  operating  pressures  of  more 
than  about  12  Ibs/sq  inch,  very  large  brase  cylinders  are  required ; 
but  the  apparatus  has  the  advantage  that.  In  case  of  failure  of  the 
air  service,  the  brakes  are  applied  automatically,  without  the  use 
of  a  "triple  valv*^. 

Mlscellaneons. 

22.  Air  sigrnal  and  steam  soppiy  on  passenger  trains  are  oper- 
ated by  means  of  separate  lines  of  pipe,  running  the  length  of  the 
train,  each  connected,  between  cars  and  locomotivs,  by  individual 
hose  connections.  The  fundamental  principle  of  the  air  signal  la 
similar  to  that  of  the  automatic  air  brake,  in  that  air  pres  is  nor- 
mally  maintaind  in  the  line  of  pipe,  and  that  the  work  (here  the 
blowing  of  the  whistle,  in  the  cab),  is  done  by  the  escape  of  air, 
either  (1)  effected  by  a  valv,  which  is  operated  by  a  sl^nial  cord 
on  a  cnr;  or  (2)  from  a  leak,  such  as  would  be  eausM  by  the 
breaking  in  two  of  a  train. 


Cl09ed  Open 


Fitf.a. 

23.  Conplerst  one  at  each  end  of  a  cari  are  arranged  symmetri- 
cally with  respect  to  a  vertical  axis  thru  the  center  of  the  car 
(the  open  jaw  facing  to  the  left  as  one  stands  on  the  ground  facing 
the  car),  so  that  cars  and  locomotive  may  always  be  coupled  to- 
gether without  any  reversal  of  car  or  coupler.  Figure  3  shows  two 
couplers  almost  engaged,  one  open  and  one  closed.  The  knuckles 
are  so  latcht  by  pins,  P,P,  that,  with  either  one  open,  the  cars 
will  be  coupled  when  they  come  together,  without  further  atten- 
tion from  trainmen.  Also,  any  coupler  may  be  opend,  and  the  cars 
uncoupled,  by  means  of  a  lever  at  a  corner  of  the  car,  without  need 
for  the  trainman  to  go  betw  the  cars.  Hoses  of  train  pipes,  how- 
ever, must  be  both  coupled  and  uncoupled  by  a  man  who  must  go 
betw  the  cars ;  but  devices  are  being  introduced  by  which  this  also 
may  be  accompllsht  automatically,  especially  in  multiple-unit  elec- 
tric traction.  Car  couplers  are  pivoted  to  the  draft  gear,  to  permit 
of  turning  on  curvs. 

24.  The  draft  f^ear  is  a  combination,  at  each  end  of  each  car,  of 
a  longltudlnally-sUdlng  bar,  with  springs  to  take  up  the  shock  of 
starting.  The  springs  make  it  possible,  also,  to  approximate  the 
starting  of  the  train  one  car  at  a  time,  which  is  valuable  because 
the  starting  resistances  are  higher  than  those  of  normal  running. 
In  Friction  Draft  Gear,  friction  devices  are  employd  which  serv  to 
absorb  the  recoil  of  the  springs,  and  thus  prevent  the  accumulation 
of  rhythmically  recurring  stresses. 

Clearance. 

25.  On  brld£r«Sf  see  p  746.  In  tunnels,  the  Am  Ry  Bng'sr  Assn 
has  recommended  clearances  as  shown  In  Fig  4,  betw  cen  of  track 
and  side  of  tunnel.  .    ^..,^1^ 
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26.  Ob  enrvu  an  additional  clearanoe  is  necessary  and  may  be 
computed  from  the  following  formulas  given  by  Qeorge  Paaswell, 
Asst  Bngr,  Pnb  Service  Commission,  New  York  City,  in  Engineering 
&  ContracUng,  1914  Mar  25,  p  367.    In  Fig  5,  let 

o   =    dist  betw  centers  of  trucks ; 

L  =  length  of  car; 

c  =  dlst  from  middle  of  center  line  of  car  to  center  of  curvd 
track ; 

€  =  dlst  from  center  line  at  end  of  car,  to  center  of  curvd 
track ; 

R  =  radius  of  curv. 

All  units  preferably  in  feet. 

Then,  e  =  a*/SR;        and  e  =  (L«  -  a*)/SR. 

See  also  Mln  clearance  on  curvs,  p  746. 


Fig.  4. 

27»  Where  transition  cnrrs  or  <«splral»''  are  used,  the  radius 
may  be  taken,  nearly  enough,  as  that  of  the  curv  at  the  middle  of 
the  car.  For  the  transition  curv  radius,  R$,  at  any  point,  we  have 
Rg  3=  ReT/t;  where  Re  =  circular  curv  radius;  T  =  length  of 
transition  curv;  t  =  dlst  of  the  point  from  beginning  (T.S.)  of 
transition  curv. 


( 


Fig.  5. 


28.  Tilt  of  car.  In  addition  to  this,  allowance  must  be  made, 
on  the  inner  side  of  the  curv,  at  least,  for  the  tipping  of  the  car 
due  to  super-elevation.  This,  of  course,  may  be  readily  computed, 
given  the  super-elevation,  gage,  and  height  of  eav  of  roof  or  other 
critical  portion  of  car. 

29.  More  prcclfie  formnlafi  and  elaborate  diagrams  are  given 
for  these  computations  by  Mr.  Frank  H.  Carter,  In  Engineering  & 
Contracting,  1013  Dec  10.  pp  650-2.  Digitized  by  L^OOglC 
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I.OCOBIOTIVS 

30.  The  following  description  of  a  locomotlT  is  arranged  approx 
In  the  order  in  which  the  energy  Is  transmitted.  See  Fig  6,  of  a 
Epical  modern  loco,  showing  the  general  relations  and  proportions 
of  the  parts 

31.  The  tender  (not  shown)  is  a  short  two-truck  car,  with 
tanks  for  water,  and  space  for  coal  (or  tanks  for  oil  fuel).  Swash- 
plates  are  built  Into  the  water  tanks  to  prevent  violent  moticms  of 
the  water.  Sometimes,  especially  In  freight  and  in  shifting  service, 
the  water  and  fuel  are  carried  directly  on  the  loco,  where  they 
serv  to  increase  the  "adhesion."  Tenders  are  sometimes  provided 
with  a  pivoted  scoop,  which  may  be  lowerd,  almost  to  the  level  of 
the  ties.  Into  a  track-tank,  see  p  1013,  and  which  will  then,  by  virtue 
of  the  speed  of  the  tender,  cause  the  water  to  be  lifted  from  the 
track-tank  thru  a  pipe  which  delivers  the  water  into  the  tender 
tank.  In  all  cases,  the  water  is  delivered  to  the  loco  thru  con- 
necting hose. 

32.  Fnnaee.  The  coal  is  past  thru  the  fire-door  (sometimes 
power-operated)  into  the  flre-box,  where  it  lies  upon  the  grate 
(av  surface  87  sqft*)  which  is  made  of  cast-iron  bars,  usually  of 
the  ''shaking"  or  "rocking"  type.  An  ash-pan  is  suspended  under 
the  grate,  to  prevent  ashes  from  falling  on  the  track.  Mechanical 
Stokers  are  coming  into  use  with  heavy  locos.  Their  chief  advantage 
is  their  ability  to  place  coal  on  the  fire  much  more  rapidly  than 
can  one  fireman. 

33.  The  hot  gases  of  the  ^re  pass  thru  ^'flre-tnbea*'  (not  shown) 
which  practically  fill  the  boiler  and  He  longitudinally  of  it  (av 
heating  surf,  2,422  soft*).  At  the  front  end,  the  hot  gases  are 
discharged  from  the  n re- tubes  into  the  ^smoke-box^,  and  thence 
up  thru  the  smoke-stack. 

84.  The  boiler  extends  from  the  smoke-box  at  the  front,  to  the 
fire-box  at  the  rear,  and  embraces  the  sides  and  top  of  the  fire- 
box. The  fire-box  and  tubes  are  entirely  surrounded  by  water,  thus 
providing  a  large  heating  surface.  The  water  is  introduced  Into 
the  boiler  by  an  Injector  (not  shown).  The  height  of  the  water, 
in  the  boiler,  may  be  observed  thru  the  Oage  Olatia,  and  tested  by 
means  of  Oage-Cocka  or  "Try-Cocks'*  (not  shown).  There  are  also 
a  Pressure  Gage  and  a  Safety  Valv,  Fusible  Plugs,  etc  (not  shown), 
all  practically  as  In  stationary  boiler  practice. 

38.  The  steam  dome  is  on  top  of  the  boiler,  and  in  It  the  hottest 
and  driest  steam  naturally  collects.  From  It  the  steam  may  be 
permitted  to  pass  thru  the  Throttle-Valv  (controld  by  a  lever  in  the 
cab)  and  thru  the  large  "Dry-Pipe"  (shown  dotted  In  the  Pig) 
down  to  the  steam  chests  of  the  cylinders. 

36.  Superheaters  are  used  in  practically  all  new  locos.  After 
leaving  the  steam  dome,  the  steam  Is  past,  in  the  smoke-box,  thru 
many  small  pipes,  which  present  a  large  aggregate  external  sur- 
face to  the  hot  gases  escaping  from  the  front  ends  of  the  fire- 
tubes.  The  steam  is  thus  superheated  to  a  temperature  much 
higher  than  that  corresponding  to  its  pres  when  in  the  presence  of 
water.  The  economy  lies  chiefly  in  the  resulting  absence  of  con- 
densation in  the  cylinders,  in  spite  of  some  drop  In  pres  due  to  its 
passing  thru  the  many  small  tubes.  The  economy  amounts,  on 
simple  englns,  to  as  high  as  25%,  with  steam  temps  of  about 
600*  F. 

37.  A  re-heater  is  practically  a  super-heater  placed  betw  the 
Mgh  pres  and  low  pres  cyls  of  a  compound  engin. 

*  Average  or  total  for  all  locos  in  the  U.  8.,  1914  June  80  (ex- 
cept locos  in  the  service  of  so-called  small  roads  and  of  switching 
and  terminal  companies.  Mallet  and  unclassified  locos),  as  per 
Interstate  Commerce  Commission's  '^Statistics  of  Rys  in  the  tJ.  S.**. 
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38.  Cylinders.  From  the  "dry  pipe"  or  from  the  Euperheater, 
the  steam  pafises  thru  the  Steam  Chests  and  the  Slide  Valvs,  into 
the  cylinders,  where  It  drives  the  pistons  and  their  rods.  A  small 
valv,  called  a  Cyl  Cock  (not  shown),  at  each  end  of  each  cyl,  is 
under  control  from  the  cab;  enabling  the  engineer  to  reliev  the 
cyls  of  any  water  that  may  collect  In  them.  There  are  also  usually 
automatic  relief  valys  on  the  cylinders,  to  permit  the  pistons  to 
move  back  and  forth  freely  when  the  throttle  Is  closed. 

39.  Valv  firear.  The  yalvs  which  admit  steam  to  the  two  ends 
of  each  cyl  alternately  are  either  flat  or  cylindricaL  Various  de- 
vices are  employd  to  balance  the  steam  pressures  against  the  yalvs, 
so  as  to  reduce  their  friction.  The  yalvs  have  generally  been  oper- 
ated by  the  Stepl^enson  eccentrlc-and-link  motion  usual  in  station- 
ary englns.  In  the  Walsc?iaert8  gear,  now  coming  into  general  use, 
the  principal  advantages  are  due  to  its  location  entirely  outside  the 
driving  wheels,  rendering  it  accessible  for  oiling,  etc,  and  permitting 
much  more  eflicient  cross-bracing  of  the  loco  frame.   See  p  1045. 

40.  Reverslns  and  eut-off  are  controlled  by  a  Reversing  Lever 
in  the  cab.  On  heavy  locos,  hand  operated  screw  gears,  and  power 
gears,  of  several  different  types  are  coming  into  use. 

41.  The  platon  rods  are  ffulded  by  <<cros«-heads''»  and  are 
connected  to  the  cranks  of  the  driving  wheels  by  '^conaectlBS 
rods".  The  cranks,  on  the  right  and  left  sides  of  the  loco,  are 
set  at  right  angles  to  each  other  about  the  axle;  so  that,  when 
one  crank  is  on  "dead-center",  and  unable  to  exert  any  turning 
force,  the  other  produces  its  maximum  effect.  The  several  pairs  of 
drivers  are  connected  with  each  other  by  ''parallel  rods"*  on  each 
side  of  the  loco. 

42.  Connterbalancins.  Counterweights  are  placed  in  the  driv- 
ing-wheels opposlt  the  crank  pin,  to  balance  the  weight  of  the 
revolving  parts.  In  two-cyl  locos,  an  excess  is  added  to  the  coun- 
terweight, to  neutralize  the  effect  of  the  reciprocating  parts,  which 
otherwise  produce  dangerous  stresses,  In  a  horizontal  plane,  within 
the  loco,  when  running  at  high  speed.  Sometimes  four  cyls  are 
used,  each  piston  being  connected  to  a  separate  crank,  and  the  two 
cranks  on  the  same  side  of  the  loco  are  placed  180**  apart,  so  that 
the  reciprocating  parts  balance  each  other;  and  no  excess  weights 
are  needed. 

43.  Flangres.  Formerly,  on  locos  having  three  or  more  pairs  of 
drivers,  the  tires  of  the  front  and  rear  drivers  alone,  on  each  side, 
were  flanged;  the  intermediate  drivers  being  left  flangeless  or 
"blind*',  to  facilitate  the  passage  of  the  loco  around  curvs;  but  it 
is  now  becoming  usual  to  flange  the  tires  of  all  the  drivers,  and 
the  passage  of  curvs  is  facilitated  by  giving  the  front  and  rear 
drivers  greater  "play",  betw  flange  and  rail-nead. 

44.  The  frame  (not  shown)  carries  the  boiler,  fire-box,  cab,  cyls 
and  most  accessories.  The  wt  is  delivered  from  the  frame  down 
thru  springs  and  a  system  of  equalizing  levers,  which  distribute  the 
load,  as  desired,  upon  the  journal  boxes  of  drivers  and  truck  wheels. 

45.  Auxiliaries.  In  addition  to  devices  usually  found  on  sta- 
tionary engins,  the  locomotiv  has  a  steam  Whistle;  a  Bell  (some- 
times operated  by  comprest  air),  and  a  Head-light,  either  oil,  acety- 
lene or  electi-ic.  The  electric  head-light,  in  spite  of  its  superior 
ability  to  light  the  way.  is  in  doutful  favor  on  account  of  its  bril- 
liant white  reflections  from  colord  signal  glasses,  and  the  blinding 
effect  upon  trainmen  approaching  from  the  opposit  direction.  Some- 
times the  head-lights  are  pivoted  and  tumd,  either  automatically 
when  rounding  curvs,  or  at  the  will  of  the  engineer.  There  are 
also  fir tep*  and  Hand-Holds  for  boarding  the  locomotiv  and  lor 
reaching  various  portions  of  it ;  flag  and  lantern  Sockets;  cab  lights 
and  other  cab  accessories ;  a  "Pilot"  or  "Cow-Catcher'*  (for  remov- 
ing accidental  obstructions)  ;  and  a  Sand-Bow,  with  valv  and  pipe, 
for  delivering  sand  on  the  rail  directly  in  front  of  the  driTing 
Wheels,  to  increase  the  adhesion.  o.,..e,,y\.OOg[€ 
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46.  In  compound  loeomotiTs  (1,333  4-cyl  comps,  and  659  2-cyl 
comps,  among  the  total  of  63,510  locos*),  the  compounding  is  usu- 
ally effected  thru  either  two  or  four  cylinders.  The  areas  of  high 
and  low-pres  pistons  are  about  as  1  to  2.6.  Where  two  cyls  are 
employd,  the  high  pres  cyl  is  placed  on  one  side  of  the  loco,  and 
the  low  pres  cyl  on  the  other;  and  the  two  are  connected  by  a 
large  "Receiver  Pipe*',  and  provided  with  an  "Intercepting  Valve** 
by  means  of  which  high-pres  steam  may,  at  pleasure,  be  admitted 
directly  from  the  boiler  into  the  low-pres  cyl,  either  to  start  the 
loco  when  the  high-pres  cyl  Is  on  "dead-center"  or  to  exert  tem- 
porarily an  abnormally  great  effort.  Where  four  cyls  are  used, 
they  are  placed  with  a  high-pres  and  a  low-pres  cyl  on  each  side, 
either  in  tandem  (when  each  pair  works  the  same  piston  rod)  or 
side  by  side  (high-pres  cyls  inside),  or  one  over  the  other.  When 
side  by  side,  each  "piston  acts  upon  u  separate  crank,  each  crank 
being  set  at  a  diCTerent  quadrant.  This  approximates  a  perfect 
balance  of  reciprocating  parts.  The  savixig  in  fuel  and  water 
effected  by  compounding  ranges  from  10  to  25 


per  cent,  depending 

,  _  t  partia"       *^ 

the  increast  cost  of  repairs,  due  to  increast  complexity. 


upon   service.     The  economy  is  often  at   least  partially  offset   by 
*  .        .    -         .       ^      .     .  .         pfexity. 


Liocomotl'v  Data. 

47.  The  following  tables  give  the  approx  extremes  of  loco- 
motiv  construction,  about  1913,  as  shown  by  manufacturers' 
catalogs. 

48.  General  practice,  however,  as  indicated  bv  lists  of  types  of 
locos  in  use  by  the  Pennsylvania  B  R,  ranges  from  a  min  about 
midway  betw  our  max  and  min,  to  a  max  equal  to  or  slightly  ex- 
ceeding our  maxs  in  the  tables.  The  av  loco  in  use,  therefore,  lies 
below  our  maxs,  about  %  (or  Vs  i<  we  in<!lude  minor  RRs)  of  the 
diff  betw  our  maxs  and  mins.  Av  wt  of  loco,  exclusiv  of  tender, 
about  166,000*  lbs. 

49.  The  column  headed  '*CJm»»''  gives  (1)  the  number  of  wheels 
under  the  loco,  according  to  the  Whyte  system,  the  first  figure  indi- 
cating the  number  of  front  truck  wheels,  the  second  the  number  of 
driving  wheels,  and  the  third  the  number  of  truck  wheels  follow- 
ing; and  (2)  the  nomenclature  of  the  Baldwin  Locomotive  Works. 

50.  Under  ^Service  A  TrP«^  Is  given  (1)  the  kind  of  service, 
and  (2)  the  popular  trade  name  of  the  type. 

51.  lUieel-baAe  is  the  dist  along  the  rail,  between  points  of 
contact  of  the  front  and  back  wheels  with  the  rails. 

52.  TractlT  effort*  given  in  each  case,  is  the  horizontal  force 
which  the  locomotiv  can  exert,  provided  the  wheels  do  not  slip, 
being  approximately  that  computed  for  simple  locos  by  the  formula 
below.     It  holds  good  for  speeds  up  to  about  ten  mi/hr. 

d*8  (0.85  P) 

Tractlv  effort     =     =     usually  between  0.22  and 

D 

0.25  of  the  weight  on  all  drivers. 

d     =     diameter  of  one  cylinder.  In  inches ; 

S     —     stroke  of  piston,  in  inches  (one  way)  ; 

/'     =     boiler  pres   (at  which  the  safety  valvs  are  set),  in  Ibs/sq 

inch; 
D     —     diameter  of  driving  wheels,  in  inches. 

For  two-cyl  compound  locos,  use  0.60  lusted  of  0.85,  and  let 
d    =    diam  of  high  pres  cyl. 

•Average  or  total  for  all  locos  in  the  U.  S..  1914  June  30  (ex- 
cept locos  in  the  service  of  so-called  small  roads  and  of  switching 
and  terminal  companies.  Mallet  and  unclassified  locos),  as  per 
Interstate  Commerce  Commission's  '^Statistics  of  Rys  in  the  U.  S. ', 

'^^^^'  Digitized  by  L^OOgle 


1048 


SAILROADB. 


For  four-cyl  compound  locos,  the  formula  becomes 


Tractlv  effort     = 


idi'/dh*  +  1)  i) 


in  which  di  and  dh  are  the  dlams  in  ins  of  the  low  and  high  prei 
cyla  respectivly. 

53.  Tractl-F  effort  at  hlarher  »pe«d«.    The  followingr  data  are 
yen  by  the  American  Locomotive  Co.  in  table  9  of  their  Bulletin 
lo.  1002.     Multiply  the  tractiv  effort,  calculated  from  the  formula, 
by  the  corresponding  factor  as  given  in  the  following  table. 
Piston  Speed 

300  350  400  450  500  650  GOO  650  700  750  800 
.954  .908  .863  .817  .772  .727  .680  .636  ^90 .550 .517 


^c 


ft  per  mln 
Factor 
Piston  Speed 

ft  per  mln 
Factor 


850  900  950  1000  1100  1200  1300  1400  1500  1600 
.487.460.435    .412    .372    .337    .307    .283    .261     .241 


) 


54.  Maximum  and  BUnlmiuii  "W^ightm  of  Locomotivik         { 

Weight  in  working  order, 

Capacity 

Class 

Service 
& 

in  pounds 

Of  tender 

of  LocomotlT 

Totol 

s 
s 

fc"S 

Type 

Tender 

10CO& 

«JO 

on  all 

loaded 

tender 

-r 

.55 

driyers 

total 

i 

^S» 

Standard  Ga«e,  4'  SW 

4-4-0 

Passenger 

92,000 

136.000 

100.000 

236.000 

8 

6000 

8-C 

American 

24,000 

38,000 

38,200 

76,200 

3 

1400 

4-6-0 

Pass.  &  Frt 

160.000 

203,000 

120,000 

323,000 

9 

6000 

B 

10-D 

lO^wheel 

29.300 

38,000 

25.800 

63.800 

1.5 

1100 

E 

2-8-0 

Freight 

210.000 

237.000 

148,500 

380,500 

11 

7400 

« 

10-^ 

Consolid'n 

37,000 

41.500 

25.800 

67,300 

1.5 

1100 

sS 

0-6-0 

Switching 

165,000 

165,000 

104.950 

269.950 

9 

5000 

StJ 

6-/) 

22,600 

22,600 

•20,000 

45,300 

1.5 

800 

So 
o  •" 

la 

If  arrow  Ga«e,  S'  0*" 

4-4-0 

Passenger 

47,000 

74.000 

68.000 

182,000 

6 

2600 

8-C 

American 

20,000 

30.000 

28.000 

58.000 

2 

1200 

•RS 

2-8-0 

Freight 

120,000 

131.000 

80,000 

211.000 

9 

4000 

8- 

10-JB 

Consolld'n 

34,000 

39,000 

25,800 

64300 

1.5 

1100 

at 

0-6-0 

Switching 

110.000 

110.000 

80,000 

190.000 

4.6 

4000 

MT-I 

0-D 

14.000 

14,000 

•20,000 

38,000 

1.6 

600 

55.  See  Table  of  Dimenalona  of  LocomotlTS,  on  next  page. 

'•Approximate. 
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50.  Mallet  artlcslatMl  loconaottT*  are  sometimes  used  for 
heavy  freight  service.  The  Mallet  is  a  loco  in  which  the  driving 
wheels  are  divided  Into  two  groups,  each  group  being  held  in  a 
neparate  frame  and  driven  by  a  separate  pair  of  cylinders,  each 
pair  of  cyis  having  its  separate  valv  motion,  etc.  The  rear  frames 
are  held  in  rigid  alinement  with  the  boiler.  The  front  frames  are 
hinged  or  articulated  to  the  front  of  the  frame  of  the  rear  engln. 
The  front  of  the  boiler  (which  is  usually  developt  into  superheaters 
and  similar  devices,  since  the  excessivly  long  fire  tubes  that  would 
obtain  would  be  impracticable)  is  supported  by  the  frame  of  the 
front  engln.  which  is  more  or  less  free  to  slide  under  It.  Sometimes 
the  boiler  is  constructed  so  as  actually  to  bend  at  an  "accordion" 
joint.  The  Mallet  gives  the  necessary  flexibility  for  rounding  curvs, 
and  permits  the  nse  of  doable  the  number  of  drivers  practicable  In 
a  rigid-frame  loco.  The  two  englns  are  almost  invariably  arranged 
compounded,  the  cyls  of  the  rear  engln  oneratlng  under  high  pres, 
and  delivering  their  exhaust  steam,  thru  flexible  connections,  to  the 
forward  engln,  which  operates  at  low  pres.  The  results  are  a 
greatly  Increast  tractiy  force  per  locomotlv  and  crew,  fuel  economy, 
and  saving  in  the  operation  of  a  given  tonnage  of  train. 


Maximum  and  Minimum  Dlmenalona  of  L.ocomotlT0.          | 

Claaa 

Cylnd 

is 

Wheel  base  of 
Locomotlv 

.d 

III 

'1 

i 

m 
a 

« 

M 

s 

1 

3 

0 

OQ 

Q 

ft  Ins 

ft  Ins 

ft  Ins 

ft  ins 

ft  Ins 

<^ 

Standard  Ga«e,  4'  SVi*"                                          | 

4-40 
8-C 

20 
10 

26 
16 

72 

48 

9  11 
5    G 

24    4 
16    1 

63  11 

10    0 
8  11 

15    0 
12    3 

25,000 
6,000 

a' 

4-6-0 
10-I> 

22 

10 

28 
16 

68 
83 

15    0 
7    6 

26    2 
14    3 

67    6 
3610 

10    6 
8    6 

15    0 
10    6 

21,000 
6,800 

.9 

a 

2-8-0 
10^* 

24 

10 

32 
16 

63 
30 

17    0 
9    0 

26    6 
14    2 

72    4 

38    4 

10    6 
8    6 

15  10 
10    3 

49,740 
7,480 

0-e-o 

6-D 

22 

8 

28 
14 

56 
28 

11    6 

6    8 

11    6 
6    8 

57    0 
31    8 

10    4 
7    2 

15    0 
10    2 

35.000 
5,500 

1? 

II 

II 

Narrow  Gaigref  3'  0" 

4-4-0 
8-C 

'I 

18 
16 

46 
42 

8    6 
5    9 

2011 
15    3 

68    0 

8    4 

12    0 

11.970 
4,190 

2-8-0 
10-^ 

19 
10 

24 
16 

48 
30 

14    0 
9    0 

21    8 
14    2 

58    8 
33    4 

9    6 
8    0 

13    6 
10    3 

90,000 
7,970 

82 

0-e-o 

18 
7 

24 
12 

48 
26 

10    9 
5    3 

10    9 
5    8 

60    6 
31    8 

9    4 
8    0 

14    0 
10    8 

22,000 
2,880 

( 


S7.  The  following  table  gives  the  approximate  range  of  dlm«u> 

slons,  etc,  of  the  best  known  American  Mallets.    Most  of  the  minima 
are  those  of  narrow^aoe  locos. 

Max  Mln 

Dlam  high-pres  cyl.  Ins,                                              28  12 

Dlam  low-pres  cyl.  Ins,                                                  44  19 

Length  of  stroke.  Ins,                                                82  18 

Number  of  drivers                                                         16  8 

Dlam  of  drivers,  ins,                                                     66  87 
(Table  concluded  on  next  page.) 

Digitized  by  CjOOQIC 


1050 


BAILROADS. 


Table  of  Mallets.     (Concluded.) 


Wt  on  drivers,  lbs, 

Wt  of  loco,  total 

Wheel-base  of  all  drivers 

Wheel-base  of  loco,  including  truck  wheels, 


Max 

475,000 

640,000 

42'  1" 

57'  4" 


Min 
80,000 
104,000 
16'  2- 
28'  0" 


Perfomuuice  of  liOcomotlTa* 


) 


58.  Fuel  and  water  used.  A  typical  powerful  locomotiv,  pull- 
ing an  av  passenger  train,  evaporates  from  25,000  to  30,000  pounds 
of  water  per  hour,  burning  from  3,500  to  5,000  pounds  of  coal ;  or 
say  75  to  100  lbs/mi.  (Forney,  Catechism  of  the  LocomotiTe.  by 
G^rge  L.  Fowler). 

59.  Passenger  englna  usually  carry  fuel  and  water  snfflclent  for 
40  or  50  miles;  some,  60  to  70.  Freight  trains,  enough  for  20  to 
25  miles.  Roads,  or  divisions,  with  steep  grades  require  fuel  and 
water  stations  to  be  nearer  together  than  when  the  grades  are 
easy. 

00.  Havllngr  capacity.  The  following  tables  give  the  loadsr  In 
tons  (excluBiv  of  loco  and  tender)  which  the  above  described  locos 
win  haul,  at  their  usual  speeds,  on  a  straight  track  and  on  differ- 
ent grades,  as  shown.  The  loads  are  based  upon  the  assumption 
that  the  so-called  "adhesion"  of  the  locomotiv  is  not  more  than 
25%  of  the  weight  on  all  the  drivers,  and  that  the  condition  of 
road  and  cars  is  such  that  the  frictional  resistance  of  the  cars 
does  not  exceed  about  7  or  8  lbs  per  ton  of  2000  lbs  of  their  wt. 
These  are  ordinarily  favorable  conditions.  The  adhesion  is  seldom 
less  than  one-fifth,  or  more  than  one-third,  of  the  wt  on  the  drivers. 

61.  Standard  Gasci  4  ft  8H  Ins. 

Table  of  loads,  in  tons  of  2000  lbs.  which  locomotlvs  will  haul  on 

different  grades. 


On  a  srade  of                         1 

Class 

Service 

& 
Type 

^1 

a 

1 

1 

04  B 

4 

CO  1 

4-4-0 
8-C 

4-6-0 
10-D 

2-8-0 
10-E 

0-6-0 

Pass 
Amer 

j  Pass  ft  Prt  1 
UO- Wheel    f 

Freight 
Consol 

SwJtch 

S  Min      575 
1  Max  2657 

1  Min    1014 
\  Max  4020 

1  Min   1117 
)  Max  5370 

j  Min     487 
1  Max  4952 

265 
1181 

380 
1900 

419 
2555 

203 
2098 

160 
678 

227 
1166 

248 
1575 

122 
1283 

80 
348 

114 
595 

127 
840 

62 

671 

45 
213 

70 
385 

79 
535 

37 

420 

Digitized  by  CjOOQ  IC 


LOCOMOTIV    PEBFORMANCE. 


1051 


e2.  NaiTOW  Gairei  S  ft  O  Intu 

Table  of  loads,  in   tons   of   2000  lbs,   which   locos  will   haul   on 
different  grades. 


On  m  grnde  of                      | 

Class 

Serrlce 

C  ■ 

=1 

4 

SoO 

ii 

04  1 

a 

w  11 

4-4-0 

8-C 

4-6-0 

lO-D 

2-8-0 

10-^ 

0-6-0 

6-D 

Pass 

Amer 

j  Pass  &  Frt  { 

1 10- Wheel    i 

Freight 

Consol 

Switch 

(Min      445 
IMax  1380 
jMin    1000 
]Max  8718 
JMin     860 
)Max  8100 
jMin     810 
1  Max  8718 

205 
550 
380 

1407 
400 

1460 
145 

1407 

120 
330 
227 
840 
245 
900 
85 
840 

60 
165 
114 
438 
127 
480 

45 
438 

80 

100 
70 

278 
79 

310 
25 

278 

63.  Choice  of  a  locomotiv  will  depend  upon  the  service  require- 
ments, and  will  be  limited  by  clearances  of  bridges,  tunnels,  etc, 
strength  of  bridges,  and  weight  of  rail,  this  last  being  taken  into 
account  on  the  assumption  that  each  10  pounds  per  yard  of  rail 
win  carry  a  load  of  3000  lbs  on  each  wheel ;  which,  for  rails  weigh- 
ing 00  to  100  lbs/yd,  permits  loads  of  50,000  to  60,000  lbs  per 
patr  of  driving  wheels. 

64.  Swltchlnir  englns  (9881  In  use*)  are  of  types  0-4^.  0-6-0  or 
O-8-0;  usually  0-6-0.  Since  these  locos  seldom  run  at  hlgn  speeds, 
pitching  Is  not  likely  to  occur  (see  V  67),  truck  wheels  are  unneces- 
sary, and  their  absence,  by  concentrating  the  loco  wt  upon  the 
drivers,  gives  max  tractlv  effort. 

65.  Preigpht  locos  (37,405  In  use*)  are  of  the  following  types : — 
4-4-0  '^Avterican'*  for  light  business;  2-6-0  "Mogul"  and  4  6-0 
**Ten-tohceV'  for  medium  service;  2-8-0  "Oonaolidation"  and  2-8-2 
** Mikado/*  for  heavy  grades  or  trains;  while  a  2-10  2  "Santa  Fe" 
Is  coming  into  Obe ;  and  "Mallet  Articulated**  for  very  heavy  grades 
and  service. 

66.  FnKtieiK^er  loco  (14,090  in  use*)  types  are  4-4-0,  4-4-2 
"Atlantic'*;  4-6-0,  4-6-2  "Pacifl&';  and,  recently,  4-8-2  "Mountain.'* 

67.  Truck  wheelii  prevent  pitching  at  high  speeds,  and  help 
guide  the  loco  around  curvs.  The  2  8-2  '^Mikado"  type  is  there- 
fore sepeclally  adapted  for  running  in  either  direction. 

68.  Dlam  of  driving  wheels,  in  ins.  Is  usually  not  less  than  the 
max  speed  in  ml/br. 

69.  The  power  and  speed  of  locomotlvs,  and  their  consumption 
of  fuel  and  water,  vary  greatly  with  clrcumsiances,  such  as  grades 
and   curvature;  condition  of  track   and  rolling  stock;   number  of 

•Average  or  total  for  all  locos  in  the  U.  S..  1914  June  30  (ex- 
cept locos  In  the  service  of  so-cilled  smnll  roads  nn(7  of  switching 
and  terminal  companies.  Mallet  and  unclassified  locos),  as  per 
Interstate  Commerce  Commission's  ''Statistics  of  Uys  in  the  U.  S.", 
1914. 
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cars  in  train ;  diams,  number  and  dlst  apart,  of  car  wheels ;  man- 
ner of  coupling  the  cars;  slLill  of  locomotiy  runner  and  fireman, 
Ac.  Ac. 

See  also  "Train  Resistance",  pp  1056  etc. 

70.  Mllease.  The  following  figures  are  taken  and  deduced  from 
the  Report  of  the  U.  8.  Interstate  Commerce  Commission  for 
1914  :— 

Locomotiy  mileage. 
Passenger  Freight  All  kinds 

Total  mileage  623,090,103  695,276,668  1,680,747.878 

Number  of  locomotivs  14,612  38,752  64,760 
Mileage  per  locomotlv 

per  year  42,600  18,000  26,120 

per  day  116.7  49.3  71.6 

Pant  Rans. 

71.  Inasmuch  as  manufacturers  appear  to  have  reacht  a  limit  to 
the  strength  of  their  rails,  the  increase  in  wt  of  rolling  stock  has 
tended  to  restrict  speeds.  The  Pennsylvania  R.  R.  limits  the  speed 
of  its  passenger  trains  to  70  mUes  an  hour  in  general,  with  low^r 
limits  in  certain  localities,  and  the  Baltimore  &  Ohio  R.  R.  has 
limits  of  about  60  miles  per  hr. 

72.  Among  notable  schedules  quite  reffolarly  mslntalnd 
are  the  following : — 

Av. 
Dlst,     Speei! 
Railroad  Train  and  Route  miles    ml/hi 

Phila.  &  Reading  Hourly  Phila.         Jersey  City  90.2  55.2 

"      "       "  Camden      Atlantic  City       55.5  60.6 

Pennsylvania        N.  Phila.    Harrlsburg  103.9  50.9 

**  Broad'y  Dtd.  New  York  Chicago  908.7  4.1.4 

N.  Y.  Central        20th  C.  Ltd.  New  York  Chicago  976.  48.8 

73.  To  estimate  the  speed  of  a  train  or  other  vehicle,  on  which 
one  is  riding,  by  counting  any  known  equal  spaces,  such  as  rail 
lengths,  dists  betw  telegraph  poles,  or  revs  of  a  wheel,  past  in  a 
given  time.  Rail  lengtbs  may  often  be  counted  by  the  sound  of 
the  wheels  passing  over  the  joints;  wheel  revs  by  any  irregularity 
of  the  wheel. 

74.  Let  L  =  the  length  of  one  of  the  known  equal  spaces  in  feet ; 
Then 

Speed,  in  ft  per  sec  =  number  of  such  lengtbs  past  In  L  sees. 

Speed,  in  miles  per  hr,  «■  number  of  such  lengths  past  in 
L  X  3G00/5280  sees. 

3600/5280   -    2/3  4-   1/66. 

In  the  case  of  wheel  revs,  L  —  r  X  diam  of  wheel,  in  feet. 

With  3(Mt  rails,  the  speed  in  miles  pei:  hour  will  be  equal  to  the 
number  of  rail  lengths  traverst  in  20.45  sees. 

CARS. 

75.  53,466  passenger,  2,325,647  frt,  124,709  misc,  in  use.'  See 
also  "Trucks",  etc.,  112.  Practically  all  American  cars,  except  some 
cabooses,  ore  and  dump  cars,  are  built  with  two  trucks  each.  Fig  7, 
each  truck  having  either  2  or  3  pairs  of  wheels.  In  a  6-wheeld  truck, 
springs  and  equalizing  levers  distribute  the  load  equally,  or  nearly 
so,  among:  the  three  axles.  Upon  the  pivots  of  both  trucks,  rests 
a  long  rigid  "underframe"  for  the  car  body.  This  was  formerly 
designd  to  carry  all  of  the  longitudinal  traction  and  vertical  load 
stresses;  but  the  sides  of  the  cars  are  now,  so  far  as  practicable, 
constructed  as  girders  or  trusses,  both  lightening  and  strengthening 
the  car.  The  under-frames  were  formerly  of  wood,  usually  trussed 
by  tie-rods  below,  but  they  are  now  almost  universally  of  steel 
thru  out. 


•See  foot-note,  page  1051.  ,    o,r^nl^ 
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70.  Steel.  The  car  bodies  are  of  either  wood  or  steel,  or,  more 
usually,  especially  in  modern  freight  cars,  combinations  of  steel 
framing  with  wooden  floors  and  coverings,  altho  all-steel  freight 
cars  have  been  in  use  much  longer  than  all-steel  passenger  cars. 
The  use  of  steel  thruout,  except  for  certain  interior  furnlsbTngs,  has 
become  standard  for  practically  all  new  pass'r  equipment  for  Im- 
portant main  lines,  beginning  about  1905  to  1010.  In  weight,  steel 
cars  average  practically  the  &ame  per  passenger  as  wooden  cars, 
altho  they  are  usually  of  10  to  20  per  cent  greater  total  wt  and 
pass'r  capacity.  They  are  much  stronger,  and  are  regarded  as 
much  safer,  than  wooden  cars  in  case  of  accident,  and  in  case  of 
fire.  On  account  of  the  high  heat-conductlvlty  of  steel,  they  will 
probably  always  feel  unpleasantly  hot  or  cold,  in  spite  of  elaborate 
heat  Insulation,  including  double  steel  shells. 


77.  Data.     The  following  table  gives 
menslons,  wts,  etc,  of  steel  cars. 

approx  max  and  min  dl- 

Approximate  Dimensions,  etc,  of  Pressed  Steel  Cars. 
Passenger  &  B^reight,  up  to  1908. 

liensrtli 

of  body 
Ft 

Width 

Ft 

Max 
Helslit 

above  rail 

Including 

brake 

Ft 

"Weight 

empty, 

lbs. 

usual 

limits 

Maximum 
Capacity 

Passr 

60  to  80 

10 

12  to  14 

90,000 
to  110,000 

60  to  90 

passengers. 

Bagg,  Mail,  > 
Express        ) 

60  to  75 

10 

13  to  14 

106,000 
to  128,000 

Pounds 

35,000 
to  60,000 

Box,  Stock,  ) 
Auto              J 

35  to  45 

8  to  10 

12  to  15 

35,000 
to  50.000 

66.000 
to  110,000 

Gondola 

35  to  60 

10 

6  to  10 

30.000 
to  50,000 

88,000 
to  125.000 

Hopper 

30  to  42 

10 

8  to  12 

33,000 
to  50.000 

88,000 
to  121,000 

Ore 

22 

8  to  10 

9  to  11 

31,000 
to  33,000 

88,000 
to  120,000 

Flat 

40  to  42 

10 

29.000 
to  40.000 

88,000 
to  110,000 

Tank 

30  to  88 

8  to  11 

12  to  15 

35.000 
to  55,000 

80,000 
•  to  100,000 

Mine 

8  to  13 

2%  to  7 

8  to  5 

1750 
to  4726 

56tol20cuft 

( 


78.  PFetfirht  ears.  As  shown  by  a  table,  publlsht  in  Ry  &  Engi- 
neering Review.  1912  Feb  10,  complied  from  data  from  11  large 
railroads  owning  over  450,000  freight  cars,  for  a  period  of  three 
years,  the  av  lire,  cost,  etc,  of  freight  cars  are  as  follows : — 

Average  age  of  all  cars,  about  10  yrs.  Each  car  is  ropnird  on  an 
nv,  once  a  month,  at  a  cost  of  $6.26  each  time.  Av  mileage  per  car 
per  yr,  10,400,  which  hrings  repairs  to  $0.007/car-mile. 

79.  Passeni^er  cars.  The  average  life  is  abt  16  yrs.  Av  annual 
repairs,  including  painting.  $300  to  $700;  for  mail  and  express 
cars,  $150  to  $300.  The  wt  of  a  pass  car  will  average  fully  ten 
times  that  of  its  full  load  of  passengers. 

SO.  Dump  earn  are  of  very  various  design.  They  may  dump 
either  thru  the  bottom,  thru  ono  or  more  '"hoppers"  (usually  trans- 
Terse  but  sometimes  longitudinal),  or  thru  the  side^  ^Injl^^h  case 
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either  the  sidefi  lift  up  or  swing  out,  or  else  the  sides  remain  pmc^ 
ticaliy  stationary  while  the  entire  floor  of  the  car  is  tilted,  thus 
forming  an  opening  under  the  side  and  producing  a  grade  for  the 
material  to  slide  on.  In  the  several  makes  of  cars,  various  com- 
binations of  swinging  sides  and  bottom  pieces  make  possible  the 
delivery  of  material  either  between  the  rails,  or  at  eitner  or  both 
sides  of  the  track.  Hopper  bottom  cars  are  ordinari^  operated  by 
hand,  the  doors  or  flaps  being  tript  to  open,  and  being  closed  bV 
winding  up  of  chains  by  means  of  crank&  Tilting-bottom  can 
are  frequently  operated  by  comprest  air,  and,  in  some  cases,  the 
control  is  quite  elaborate,  it  being  possible  to  tilt  the  entire  load 
simultaneously  either  to  the  right  or  the  left,  or  both  right  and 
left  from  alternate  cars,  under  the  control  of  one  operator  at  any 
point  along  the  train. 


:i 

p — -: 

-<;  o o  ^r 

Box  Car 


Hopper  Car 


'U   w 


I     I     1 


O  O^ 


Gondola  Car 


Wr^ 


^"■rt'ii>'-g"ff 


^S 


Flat  Car 


k     FrFf 


CabooM 


SeaU  of  T—% 
9.  ■  ■ . »      10 fiLJtt 


Fig.  7. 


^H 


^Q 


Or%  Car 


81.  Ore  cars  (see  Fig  7)  are  made  abnormally  short,  and  of 
relatlvly  small  volumetric  capacity,  as  longer  cars  are  necessarily 
very  Inefficient  in  carrying  ores,  which  are  very  much  heavier  than 
coal  or  other  materials  usually  carried. 

82.  Crnne  cara  are  used  chiefly  for  clearing  up  wrecks,  for 
excavation  and  earth  handling  generally,  for  shifting  track,  and 
for  coaling  locomoUvs. 

83.  Iiocomotl-F  craMe«  appear  to  be  coming  into  high  favor  for 
these  purposes.  They  can  propel  themselves  promptly  from  place 
to  place. 

84.  Steam  aho-Fel  cars*  and  pile  drlTem  mounted  on  cars, 
are  made  in  various  styles  by  a  number  of  mfrs. 

85.  Ballast  plows  or  spreaders  are  treated  under  '*Track", 
p819. 

86.  Snow  plows  are  either  plaxcB  properly  B<M:alled,  which  shovo 
the  snow  from  the  track  (to  both  sides  for  single  track,  and  to 
the  right  for  double  track)  ;  or  they  are  of  the  ^'rotary'*  type,  iu 
which  a  large  cutting  wheel,  at  the  front  end,  on  a  hor  longitudinal 
axis,  is  caused  to  revolv  by  powerful  engins,  often  driven  bv  a 
full-sized  locomotlv  boiler,  and  which  disposes  of  the  snow  larpelv 
by  virtue  of  the  centrifugal  force  generated  in  the  cuttlng-whe«»l. 
un  steam  roads  the  plow  is  forced  into  the  snow  by  one  or  more 
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pushing  locomotiys  behind  it;  whereas,  on  electric  street  roads  at 
least,  the  plow  or  tiweeper  (which  really  sweeps  and  does  not  em- 
ploy centrif  force)  Is  forced  ahead  by  its  own  power,  the  brooms 
being  rotated  by  Independent  motors.  Some  plows  are  so  arranged 
that  the  deflecting  surfaces  may  he  forced  outward  by  comprest 
air  (when  clearance  is  sufficient)  and  so  throw  the  snow  further 
from  the  track,  and  therefore  with  less  chance  of  its  return. 

87.  Flankers  are  pieces,  usually  of  sheet  iron  or  steel,  so  shaped 
and  arranged  as  to  be  lowered  onto  the  rails  directly  in  front  of 
the  wheels,  to  remove  any  few  Inches  of  snow  or  ice  that  may  be 
on  the  rail  or  along  its  Inner  face.  They  are  sometimes  fitted  to 
locomotivs,  and  usually  to  plows  and  "rotaries**. 

88.  Clcaranee  cam  are  deslgnd  for  readily  determining  the 
proximity  of  objects  along  the  road.  The  clearance  cars  built  by 
the  Pennsylvania  and  Baltimore  &  Ohio  R  R's  have  mounted,  over 
one  of  the  trucks,  a  frame  transversely  of  the  car,  the  limits  of 
which  are  somewhat  less  than  the  probable  minimum  clearances 
of  the  road.  To  this  frame  are  attacht,  by  means  of  pivots,  at 
intervals  of  about  a  half  foot,  movable  arms,  which  project  about 
two  feet  from  the  frame.  Each  arm  is  provided  with  a  scale,  so 
graduated  as  to  show  directly  the  number  of  inches  inwardly  that 
it  may  have  been  deflected  from  its  extreme  position.  The  car  is 
run  along  the  track,  at  about  4  ml/hr,  where  various  objects,  as 
bridges,  stations,  tunnels,  etc,  are  past;  the  arms  are  deflected 
until  tney  clear,  and  the  deflections  are  observed  and  noted.  Cor- 
rections must  of  course  be  made,  to  provide  for  the  degree  of  curv, 
if  any,  and  for  the  distance  between  truck  pivots  of  any  cars  to  be 
operated  over  the  track.  In  addition  to  the  clearance  frame,  with 
its  fingers,  one  of  the  trucks  is  so  connected  with  a  pointer  and 
dial  as  to  show  directly  the  degree  of  curvature,  while  a  pendulum, 
free  to  swing  transversely.  Is  so  connected  with  another  pointer 
and  dial  as  to  show  directly  the  super-elevation  of  either  rail.  See 
also  "Clearance",  f  25. 

89.  Inspection  and  hand  cam  range,  in  elaborateness,  from 
simple  trucks  with  geard  hand-levers,  up  to  the  combination  locomo- 
tiv  and  car.  used  by  officials  of  the  road.  Many  of  these,  how- 
ever, are  now  being  driven  by  gasoline  motors ;  which,  while  requir- 
ing more  skill  to  operate  them  than  hand  cars,  can  make  very 
high  speeds,  and  can  usually  keep  out  of  the  way  of  trains.  Some 
are  so  built  that  their  wheels  and  axles  form  a  metallic  circuit, 
which  operates  the  automatic  signals  and  so  protects  the  car  from 
trains  on  the  same  track  ;  but  many  of  them  have  the  wheels  insu- 
lated, and  must  therefore  run  under  train  orders  from  tower-men. 

90.  Track  recordlngr  cam.  See  under  Track  Laying  and  Main- 
tenance, p821. 

91.  Dynamometer  cara.  See  under  Train  Resistance,  ^  ^  56, 
etc,  p  1067. 

92.  In  Yvreeklngr  ontflts  there  is  usually  a  powerful  steam  crane 
car  and  a  number  of  other  cars,  carrying  miscellaneous  equipment, 
and  sleeping  and  dining  facilities.  Tney  carry  rails,  ties  and 
switch-parts,  car-trucks,  assorted  screws,  nuts  and  bolts ;  tools  of 
many  kinds ;  hoisting  equipment  of  pulley-blocks,  chains,  ropes, 
wire-cable,  hooks,  wooden  blocking ;  also  powerful  portable  lights, 
fire  extinguishers,  linemen's  outfits  with  telefone,  emergency  med- 
ical cases,  car  replacers,  etc. 

93.  Car  replacem  are  made  in  pairs,  and  are  castings  so  formed 
with  grooves  or  flanges  that,  when  placed  on  the  ties  and  adjacent 
to  the  rails,  they  will  guide  each  pair  of  wheels  back  onto  the 
rails  as  the  ear  is  forced  along  the  track.  They  are  often  provided 
with  lugs,  to  fit  around,  or  to  be  forced  Into,  a  tie,  and  with 
Qotches,  to  receiv  temporary  spikes,  to  assist  in  holding  them  in 
place. 

a4.  Loadlnfc  »tandardi«,  as  establlsht  by  the  Master  Car  Build- 
ers' Assn,   are  given   in  a  pamflet  obtainable  from   the   Secretary, 
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Old  Colony  B\6g,  Chicago,  111.  The  aim  Is,  of  course,  to  load  the 
cars  as  evenly  as  possible,  to  hold  the  load  in  place,  and  to  provide 
for  curvs  and  Inequality  of  track  where  the  load  extends  over  more 
than  one  car.  Where  the  load  is  long  enough  for  two  or  more  cars. 
It  may  be  supported  on  two  improvised  pivots,  one  on  the  front 
and  one  on  the  rear  car.  If  the  material  must  be  supported  mid- 
way, metal  bearing  plates  are  provided  to  permit  of  easy  sidewlse 
sliding.  Where  more  than  two  cars  must  be  used,  the  extra  car 
usually  takes  no  load  and  acts  merely  as  a  spacer.  Some  loads  of 
three-car  lengths,  as  plate  girders,  may  be  loaded  entirely  on  the 
central  one  of  three  cars,  the  other  two  being  spacers.  Piles  of 
lath,  barrels,  pipe,  shingles,  etc,  must  all  be  suitably  held  in  place 
by  side  verticals  and  lashings^  etc. 


TRAIN  RESISTANCE 

GESNSRAIi. 

1.  The  forces  (or  force  components)  acting  upon  a  train  In  a 
direction  parallel  with  the  track,  may  be  classified  as 

(a)  "moving'*  forces;  tending  to  start  or  accelerate  the  train; 

(b)  resistances;  tending  to  hold  or  to  retard  the  train. 

2.  Locomotiv  tractiv  force,  gravity,  wind  and  inertia  may  act 
either  as  moving  forces  (a),  or  as  resistances  (b),  according  to  cir- 
cumstances ;  but  friction  (external  and  internal)  curvature  and 
still  air  necessarily  exert  resistances  (b). 

3.  In  any  given  case,  the  train  resistance,  F,  is  the  sum  of  the 
resistances  acting  in  that  case. 

4.  The  tractiv  force,  exerted,  bv  the  steam,  thru  the  loco,  has  to 
move  the  loco  and  tender,  as  well  as  the  cars;  but  often  the  **re- 
sistance"  is  taken  as  that  of  the  cars  alone,  or  that  which  opposes 
the  pull  of  the  draw-bar  behind  the  tender. 

B.  Componeiits  of  train  resistance.     Let 
F»    =     normal  res     =     the  total  res  upon  a  straight  level  track, 
train   at   rest   or  at   uniform   speed,   in   still   air,   and   at 
normal  temperatures 
=     the  res  to  which  every  train  is  necessarily  subject; 
J'*     =     grade  resistance ;  "^ 

Fo     =     curv  resistance ;  I  Incidental 

Fw    =     wind  resistance;  f resistances 

Fi     =     inertia  resistance,  due  to  velocity  changes.  J 
Then,  for  the  total  resistance,  we  have : — 

F     -     Fn    -j-    Fm    +    Fc    +    Fw    -i-    Fi   (1) 

0.  Unit  ResUtanee.  Let  W  -  the  weight  of  the  train. 
Thpn  the  quotient,  f  =  F/W,  is  the  resistance  per  unit  of 
l^J^!^.^UPl  ^^^K  ^^^  Similarly,  /..  U,  etc,  denote  the  unit  grade 
IIIm«  17  J^^'J'^y-'  ,r<^«Pectively.  Any  resUtance  may  be  exprest  in 
terms  of  an  equivalent  grade.     See  f  33. 

::>igitizedby\jOOgle 


X0X  .nx^  v^.isi» 


NORMAL  RBSISTANGB 

7.  The  normal  resistance,  /n,  is  the  resistance,  per  unit  of  weight, 
on  a  straight,  level  traclc,  at  uniform  speed,  in  stili  air.  Of  the 
total  resistance,  it  is  that  portion  to  which  every  moving  train  Is 
always  necessarily  subject.  For  Incidental  resistances,  see  V  31, 
eta 

CoinpoBeiito  of  Normal  Train  Realatanee,  /n ; 
8<    (a)  friction  betw  the  rail-heads  and  the  treads  nnd  flanges  of 
wheels ; 

(b)  resist  due  to  undulation  of  track  under  a  movinc  train ; 

(c)  Internal  friction  of  cars  and  locomotiv; 

(d)  resistance  of  still  air. 

Frietton  between  wheels  and  rall-heada. 

••  When  the  wheel-flanges  run  clear  of  the  rail-heads,  we  have, 
normally,  betw  rails  and  wheel- treads,  only  rolling  frlc  (see  p  414, 
H  193)  ;  and  this  is  small  in  amount  where  tr^ck  and  rolling  stock 
are  in  good  order;  but  the  sliding  fric,  betw  rail-heads  and  wheel- 
flanges,  may  he  of  considerable  amount,  especially  where  there  Is 
oscillation  or  side  wind,  (see  1144),  and  is  often  accompanied  by 
lateral  sliding  of  the  treads  on  the  heads.  On  curys,  the  two  rails 
are  of  different  lengths,  and  we  have  longitudinal  fric  betw  tread 
and  head.  The  condition^  vary  so  greatly,  on  different  roads,  and 
from  moment  to  moment  with  the  same  train,  that  it  is  impractica- 
ble to  establish  useful  rules  for  this  item,  or  for  the  next 

1<K  Realatanee  due  to  undulation  of  track  under  a  moving 
train  is  of  course  greatest  on  yielding  rails  and  roadway. 

11.  The  Internal  friction  of  rolUnar  stock  consists  chiefly 
(that  of  locomotivs  partly)  of  journal  friction.  Its  value,  in 
pounds  per  ton,  is 

/i       =       2000orf/i>    (2) 

where  o  =  the  fric  coef  of  the  journal  rotating  in  its  bearing, 
d  B  the  journal  dlam,  and  D  »■  the  wheel  diam.  This  as- 
sumes d/D  constant;  and,  in  practice,  an  average  value  of  d/D 
may  usually  be  estimated  for  a  train. 

12.  Journal  and  rolling  resistances  comhined.  It  is  difilcnit 
to  determin  these,  independently  of  the  other  normal  resistances. 
Experiments,  made  for  the  purpose,  appear  to  have  been  unreliable. 
From  coasting  experiments,  Wellington  deduced  4  to  6  lbs  per  ton 
of  2000  lbs. 

13.  In  locomotivs,  (Am  Loco  Co.,  Bulletin  1001,  Feb.  1910),  the 
friction  of  driving  wheels,  pistons,  valvs,  crossheads,  etc.,  is  taken 
at  22.2  lbs  per  2000  lbs  of  wt  on  drivers.  Journal  friction,  of  loco 
truck  and  trailing  wheels,  and  of  tender  wheels,  is  taken  as  equal 
to  that  for  cars. 

14.  Normal  air  resistance.  Fa.  Air  res  in  still  air.  (See  also 
wind  res,  Fw^  H  44).  The  evidence  Is  highly  conflicting.  Prof.  W. 
F.  M.  Goss,  Western  Ry  Club  Procs,  1898,  April  25,  p  347 ;  reports 
expts  made  in  a  large  closed  rectangular  conduit,  in  which  air 
currents  of  known  velocities  impinged  directly  upon  the  front  ends 
of  fixt  trains  of  from  1  to  25  model  cars,  about  3.5  ins  wide,  4.5 
ins  high,  12  ins  long,  each  connected,  by  dynamometer,  with  a  fixt 
base.  Prof.  Ooss  derives  the  following  formulas,  in  which  it  is 
aasomed  that  the  linear  dimensions  of  the  actual  rolling  stock  are 
82  times  those  of  the  models  on  each  linear  dimension ;  that 
freight  cars  are  33  ft  long,  and  passr  cars  66  ft 


< 
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Let 
Fa    r=     total  atmospheric  resistance  on  actual  train,   in  lbs ; 
V      =     velocity,  In  miles  per  hour ; 

L     =     length,  In  feet,  of  any  train,  including  loco  &  tender; 
I       =     length,  in  feet,  of  any  train,  excluding  loco  &  tender ; 

then,  for  the  entire  train  :     Fa     =     0.0003   (L    -f    347)    V^ (3> 

for  cars  alone :  Fa     =     0.00O3   (I     4"      53)    V- (4) 

for  loco  &  tender  :         Fa     =     0.123  F« (5) 
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Prof.  Goss  regards  these  formulas  as  glTlng  results  varying  not 
more  than  15  to  20  per  cent  from  the  truth  In  practice. 


Unit    air    resistance,    /"«,     =     FafW,  where    W     = 
train  in  tons  of  2000  lbs. 


weight    of 


15.  Air  resistance  is  increast  by  spaces  hetxceen  cars,  by  open 
tide  doors  of  box  cars,  and  by  differences  in  heights  of  cars,  as 
where  flat  and  box  cars  alternate  in  position  in  a  train.  "It  pajs 
in  coal  to  incur  some  trouble  and  delay  in  putting  box  cars 
together.  That  also  enables  the  brakeman  to  get  along  the  train 
more  rapidly."  (An^us  Sinclair,  "liocomotive  Engine  Running 
and  Management",  1801,  p  375.) 

le.  Head  air  resistance  of  locomotiv  is  assumed  as  0.002F»J./ 
wrhere  T^  =  vel,  in  miles  per  hour,  A  =  cpo.sa-8ection  area  of 
locomotiv,  usually  calren  at  120  sq  ft  Am  Loco  Co  Bulletin  1001. 
1910,  Feb. 

Factors  nttecting  normal  realatanee. 

Starting. 


17.  When  starting  a  train  (see  Fig  1),  the  value  of  fn  is  much 
j;her  than  when  running.  Starting  may  be  facilitated  by  backing 
jp  sufficiently  to  slacken  the  couplings,  so  that  the  train  is  started 


one  car  at  a  time. 

18.  A.  C.  Dennis,  Am  Soc  C  E,  Trans  Jun  1903,  Vol  50.  p  1, 
"onnd  tbat,  "after  the  train  hns  stood  for  some  time,  the  resist- 
inces  are  abt  2  lbs/ton  alwvo  the  normal  until  the  train  has  be«?n 
•un  enough  to  get  the  Journals  well  lubricated  and  warmd." 

19.  A.  K.  Shurtlefr,  Am  Ry  Eng  &  M  of  W  Assn,  Bulletin  84, 
Feb  1907.  pp  08,  etc.,  found  that,  above  the  freezing  pt,  the  av 
freight  train  can  be  started,  on  a  level,  with  a  draw-bar  pull  of  IS 
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lbs  per  ton  of  2000  lbs :  but  freezing  weather,  or  careless  starting; 
may  increase  this  to  25  or  30  lbs  per  ton.  On  the  other  hand) 
** where  a  stop  was  but  for  an  instant,  trains  were  started  with  6 
lbs.  per  ton  draw-bar  pulL" 

Ruiuiinir. 

20.  Bffect  of  dUtance  mn.  With  increase  of  dlst  run,  after  a 
stop,  the  Journals  become  warmd,  their  lubrication  Improves,  and 
the  resistance  is  thus  dimlnisht.  During  the  first  mile  or  two  of  a 
run,  even  with  uniform  speed  and  constant  air  temp,  the  normal 
resistance,  fn,  may  be  as  much  as  50%  above  the  mln,  which  is  not 
reacht  until  the  train  has  run  about  8  or  10  miles  In  warm  weather, 
and  about  35  miles  in  cold  weather.  With  heavy  cars  and  high 
speeds,  the  dist  required  for  reaching  mln  /»,  is  less  than  with  light 
cars  and  low  speeds;  the  wt  on  the  Journals  and  increast  speed 
aiding  in  the  heating  of  the  Journals  and  In  the  consequent  llque< 
faction  and  distribution  of  the  lubricant.  (Prof.  Edw.  C.  Schmidt. 
Central  Ry  Club ;  Ry  Age  Gazette,  1912  Jan  12.) 

21.  Increase  of  Speed.  Fig  1.  The  high  normal  res,  experi- 
enced in  starting,  decreases  very  rapidly  as  the  speed  increases  to 
say  5  miles  per  hour.  From  say  5  or  10  to  30  or  35  miles  per  hour 
(embracing  usual  freight  train  speeds)  U  increases  slightly,  and 
tlien  more  rapidly  with  further  speed  increase. 

Fig  1  shows  curys  of  U  according  to  experiments  and  formulas, 
as  follows : — 

Experiments. 

22.  A»  C.  Dennis,  1902.  Am  Soc  C  E,  Trans,  1908  June,  Vol 
50,  pi.  Total  run,  over  3000  miles.  Curvs  A.  and  B-0.  Runs 
made  with 

(^),  105  empty  box  cars,  track  frozen  solid,  rail  good; 
(/}),     47  loaded  box  cars,  track  frozen  solid,  rail  good ; 

net/tare     =     2 ; 
(O),     52  loaded  box  cars,  track  soft;  net/tare     =     63/27. 
Results  (B)  and  (C)  practically  identical. 

23.  The  resistances  (compensated  for  velocity  changes,  see  ^^  45- 
62)  seemed  to  be  "greater  than  normal  when  increasing  the  speed, 
and  less  when  decreasing".  By  coasting  tests,  locomotiv  res,  per 
unit  of  wt,  was  found  to  be  about  equal  to  that  of  empty  cars. 

24.  Max  H.  Wlekhorst,  1900,  on  the  Chicago,  Burllnffton  & 
(putney  R.  R.,  between  Chicago  and  Burlington.  111.  (206  miles). 
EJng  News,  1901,  Oct  31.  Five  runs,  with  dynamometer  car.  2 
baggage  and  2  mail  cars ;  3  runs  loaded,  180  tons,  av  55  ml/hr ; 
two  runs  lieht.  160  tons,  av  27.5  ml/hr.  Mean  temp,  70"  E^hr; 
wind  very  light  Very  numerous  observations.  The  two  curvs 
show,  respectivly,  the  approx  maxima  and  minima. 

25.  Prof.  Bdward  C.  Schmidt,  1910,  University  of  Illinois  Bul- 
letin, Vol  VI,  No  39.  Very  elaborate  tests  of  32  ordinary  freight 
trains,  wts  747  to  2908  tons  per  train,  26  to  89  cars  per  train, 
averaging  from  abt  15  to  70  tons  per  car;  over  av  track,  In  good 
condition ;  air  temp  from  34**  to  82*  Fahr.  See  three  selected 
curvs.  Fig  1 ;  vels  from  5  to  40  ml/hr. 

Formulas. 

26.  American  LocomottTe  Co.  Bulletin  1001,  1910  Feb,  p  10 ; 
R.  R.  Age  Gaz,  1909,  Sep  10,  p  455 : 

fn     =     5.4    +    0.002   iV    -    15)2    ^    100/(7    +    2)* (G) 

In  which  y    =     vel  in  ml/hr. 

2T.  J.  G.  Crawford,  Eng  News,  1901,  Oct  31.  Based  upon 
Wlckhorst's  C,  B  &  Q,  expts,  U  24.     For  vels  betw  25  and  75  ml/hr. 

fn     =     2.5    +    •P/468     =     2.5    +    0.0021  Y^     (7) 

28.  Baldwin  I^ocomotlve  Works,  straight-line  formula.  R  R 
tlaz  1809,  Mar  17.  Based  upon  expts  on  Phlla  &  Reading  system, 
betw  Camden  and  Atlantic  City,  55.5  miles  without  stops. 

U       =^     3     +     r/6       =       8     +     0-l«!,L,,;,^cfOglt--<«> 
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Cold. 

28.  The  American  Locomotive  Co.  (Bullotin  loot,  1010  I>b^) 
makes  the  following  reductions  from  the  tonnage  hauld  at  nomial 
temps ; — 

Temperature.   Fahr.  Deduct 

45*  to  25*    8  per  cent 

25'  to     0'   16     " 

Below      0*    25     "       *• 


) 


Od  40  50 

C=  tons  per  ear 

PIfir.  2. 

Effect  of  irelgl^tM  of  cars. 

30.  FlfiT  2  shows  the  effect  of  weight  of  freight  cars,  and,  inci- 
dentally, to  some  extent,  of  velocity,  upon  the  normal  resistance, 
/b;  as  follows  : — 

C  B  &  Q  expts,  B  B  Age  Gaz.  1909,  Aug  27,  Sep  3 ; 

Prof.  Edward  C  Schmidt,  expts,  Illinois  Central  B  B.  See  also 
t  25. 

The  dotted  curv  represents  the  formula  of  A.  K.  Shurtleff,  Am 
By  Eng  &  M  W  Assn,  Bulletin  84,  Feb  1907,  p  99 : — 

fn     =      1      +     90/0 (9) 

where  C  =  av  weight  of  loaded  car,  In  tons  of  2000  lbs.  This 
formula  is  based  upon  expts  on  two  railroad  systems.  Total  runs, 
over  3000  miles.  19  to  41  tons  per  car.  Track  varied  from  "mud 
ballast,  with  medium  line  and  surface,  to  first  class  track,  well  bal- 
lasted, with  good  line  and  surface from  valley  lines  to  moun- 
tain lines  and  grades."     Temp  from  0*   to  60*   Fahr. 

INCIDENTAL  RESISTANCESS.     See  H  5. 

31.  In  addition  to  the  normal  train  res,  we  must  usually  take 
account  of  the  incidental  resistances : 

P;  due  to  grades  ;  Fw,  due  to  wind  : 

Fe,     "      **  curvature ;  "<*     **      "  inertia. 

Grade   Resistance 

SS.  On    any    grade,    let   a     =     the   angle    with    the    horisontal 
-Then,   for   the  res,   parallel   with  the  slope,   necessary    to    preTent 
movement  of  a  wt,  W,  down  the  slope ;  wo  have ; — 
F»    =1    W  Bin  a;     and,   since  /.    =    F,/W ;     f$    =    aln  a (lO) 
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But,  except  on  very  steep  railroads,  th«  slope  is  so  slieht  that, 
approx,  sin  a  =.  tano.  Therefore,  if  L  =  the  hor  dist  betw 
two  points,  and  h    =     their  dlfif  of  elev;  we  have; — 

Fb     =     TT  tana,  and  /«     =     tana    =     h/L   (11) 

SS.  The  equlTfileiit  srrade,  se,  is  that  grade  which  will  produce 
the  same  tendency  along  the  track  as  that  due  to  a  given  resis- 
tance; or  that  grade  where  the  tendency  to  slide  downward  is  just 
balanced  by  the  given  res.  Hence,  any  unit  res,  f,  =  F/W,  may 
be  exprest  as  a  grade.     For  various  conversions,  see  Fig.  3. 
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Fler.  3. 

S4.  Units  of  grade  resistance.     Let 
8     =     grade,  In  feot  per  100  feet ; 
8    =     grade,  in  feet  per  mile     =     52.80  8.    • 

35,  Then,  for  the  srrade  re«lfitaiice»  in  lbs  per  ton  of  2000  lbs, 
we  have; — 

/,     =     20«     =     0.3788/8    (12) 

and,  for  any  unit  resistance,  f,  due  to  any  cause,  we  have ; — 

eqvlTalent  i^rade,  in  ft  per  100  ft,     =     //20 (13) 

Ruling  grades ;  see  "Operation  Cost",  p  1084. 

Momentum  grades ;  see  p  1076,  If  40. 

Work  done  and  lost  on  grades;  see  p  1075,  ff  30. 

Effect  of  Length  of  Grade  on  Tractlv  fi'orce ;  see  p  1076,  ^  37. 

Curv  Resistance. 

Se.  At  any  point  on  a  curv,  an  axle,  with  flxt  cvllndrical  wheels 
of  equal  diams,  tends  to  travel  forward  in  a  direction  perp  to  itself 
and  tangential  to  the  center  line  of  the  traclc,  remaining  parallel 
with  itself.  Hence,  the  flange  of  the  outer  front  wheel  tends  to 
press  outwardly  against  the  head  of  the  outer  rail,  causing  sliding 
friction  betw  the  sides  of  flange  and  of  rail  head ;  and  this  f ric 
opposes  the  rotation  of  the  wheel.  Moreover,  the  head  of  the  outer 
rail,  by  its  hor  reaction  upon  the  wheel  flange,  pushes  the  outer 
wheel  (with  its  axle  and  mate  wheel)  toward  the  cen  of  the  curv. 
compelling  both  wheels  to  slide  laterally  across  their  respectiv  rail 
heads,  and  thus  causing  sliding  fric  betw  wheel  tread  and  top  of 
rail  head.  This,  of  course,  is  combined  (according  to  the  resolution 
of  motions  and  forces)  with  any  longitudinal  slipping,  as  it  takei 
place;  (f  37).  .    #    r^r^r^i^ 
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All  this  is  notably  the  case  with  the  first  wheels  of  a  car  or 
train.  On  the  following  trucks,  the  direction  of  -the  traction  coin- 
cides, at  each  truck,  with  n  chord  to  a  portion  of  the  curv ;  and 
thus  tends  to  reduce  the  pres  of  said  following  trucks  against  the 
outer  rail. 

37.  Again,  the  axles  must  be  constantly  swung,  horizon tallj. 
from  positions  parallel  with  themselves,  and  forced  into  positions 
more  nearly  radial  to  the  curv ;  and  this  requires  that  one  or  the 
other  wheel,  or  both  wheels,  must  be  slid,  longitudinally  of  the 
track.     See  also  Corrugation,  under  "Track",  p  793,  H  91. 

38.  In  order  to  obviate  or  diminish  the  resistances  thus  causd, 
the  wheel  treads  are  "coned".    See  Rolling  Stock,  p  1040,  If  11. 

39.  The  resistance,  Fe,  due  to  curvature,  is  Influenced  by  many 
circumstances:  such  as  diam  of  wheels,  tightness  of  gage,  shape  of 
wheel  treads  (whether  more  or  less  conical),  lengths  of  rigid  wheel 
bases  (see  1143),  kind  of  coupling,  condition  of  track,  elev  of  outer 
rail.  length  of  train  (affecting  obliquity  of  traction :  See  end  of 
1136). 

40.  Unit  carv  resistance  is  usually  taken  as  varying,  other 
things  equal,  directly  with  the  sharpness  of  curvature:  or,  for 
curv  resistance,  in  lbs  per  2000  lbs,  on  a  D."  curv : — 

fc     =     Dfi (14) 

where  D     =     sharpness  of  curvature,  In  degrees; 

/i     =     the  curv  res,  in  lbs  per  2000  lbs,  on  a  !•  curv. 


41.  /i  !■  usually  taken  as  varying,   (with  character  and  condt- 
ion  of  track  and  of  rolling  stock,)  between  0.6  and  1.5  lbs  per  2000 
lbs.     In  compensating  for  curvature,  on  grades,   (see  p  1078,  ![  51>. 


it  is  usual  to  allow  betw  0.6  and  0.8  lbs  per  ton.     See  Fig  4. 

42.  Flfs  4  shows  the  unit  curv  res,  fe.  by  Ea  (14),  in  various 
units,  corresponding  to  sharpnesses  from  6"  to  20*,  and  for  values 
of  fi  from  0.5  to  l!5.  The  dotted  radial  line  gives,  for  diff  degrees 
of  sharpness,  the  sweep,  in  degrees,  of  a  mile  of  curvd  line  of 
given  sharpness ;  and  the  dotted  curv  gives  the  ft  of  line  per  degree 
of  sweep. 

Feet  per  degree  of  sweep     =     100/D   (15) 

Degrees  of  sweep  per  mile     =     5280D/100 (16) 

These  two  dotted  diagrams  represent  purely  geometrical  conditions, 

without  regard  to  resistance. 

43.  Effect  of  length  of  wheel-base.  Prof.  Wm.  Gv  Raymond, 
R  R  Qaz,  1006,  Aug  17,  makes  the  curv  resistance, 

fc     =     0.4    +    D(0.20o  + 0.035  B)     (17) 

where  D     =     sharpness  of  curvature,  in  degrees, 
and  B     =     length  of  wheel-base,  in  feet. 

43a.  Effect  of  Telocity.  It  is  probable  that  curv  resistance,  fu 
per  degree  of  shftrpness,  (like  normal  res),  varies  with  velocity, 
somewhat  as  indicated  by  Fig  1.  In  other  words,  we  may  expect 
to  find  it  (1)  high  at  very  low  speeds  (because  the  value  of  the 
frlc  then  approaches  that  of  static  fric),  (2)  falling  to  a  min  at 
moderate  speeds,  and   (3)   increasing  again  at  higher  speeds. 

Wind  resistance*  fw. 

For  normal  resistance,  fa,  due  to  still  air,  see  f  14. 

44.  Head  winds  of  course  oppose,  and  winds  in  the  opposit  dlree- 
tloii  assist,  the  forward  movements  of  trains;  and  side  winds,  by 
fordns  the  wheel  flanges  against  the  rail  heads,  increase  the  re- 
sists; hut  little  is  known  as  to  the  extent  of  these  Influences:  and. 
as  their  exertion  cannot  be  controlled  or  foreseen,  their  effect  is 
practically  incalculable.  A  margin  must  nevertheless  be  made  for 
Inem,  according  to  judgroect,  in  estimating  the  ability  of  englns  to 
move  given  loads  under  ^van  conditions.  Where  the  vel  of  head 
wind,  or  of  tall  wind,  can  be  eKtimated,  the  vel  of  head  wind  may 
be  added  tOb  flQti  that  of  tall  wind  subtracted  from,  the  train  veU 
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and  the  sum  or  diff  used  in  connection  with  f  14.  For  "heavy 
winds",  the  Am  Loco  Co  deducts  8%  from  the  tonnage  hauld  in 
still  air.  Bulletin  1001,  1010,  Feb.  See  also  two  C  B  &  Q  dia- 
grams in  Fig  2. 

Inertia. 
45.  To  accelerate  a  train  requires  a  "moTing  force" ;  and  to  re- 
tard it  requires  a  resistance.  Conversely,  a  train,  undergoing  accel. 
may  be  said  to  offer  a  res,  due  to  Inertia :  and  one  being  retarded 
may  be  said  to  exert  a  force,  due  to  inertia.  In  order  to  compute 
the  total  train  res,  when  vel  Is  being  changed,  we  must  include  the 
res  due  to  inertia;  and,  for  this,  we  must  know  or  assume  the 
weight,  and  either  (a)  the  rate  of  accel,  or  (b)  the  vel,  and  the 
dist  within  which  a  given  vel  change  takes  place. 


7UU  am     frcMJ  im  im 
Flsr.  4. 


4e.  (a)  When  a  weight  falls  freely,  the  nccel  of  vel,  due  to  the 
force,  W,  of  gravity,  is  f7  =  32.2  ft  per  sec  per  sec;  and  the 
accel.  A,  of  any  given  body,  is  directly  proportional  to  the  unbal- 
anced force,  Fi,  acting  upon  It:  or  y/.l  =  W/Fi.  Hence,  for 
the  force  or  res.  Ft,  due  to  inertia,  and  producing  an  accel  or  a 
retardation.  A,  we  have: — 

W 
Fi     -     —     A     =i     MA     (18) 


where     M     = 
(b)   Let  a 
IF     = 
y      = 
Fi     = 
L      = 

K      = 


^V/g     =     the  mass  of  the  body, 
car  move  on  a  horizontal  track,  and  let 
the  car's  weight;     M    =    TT/y    =    the  car's  mass; 
the  car's  velocity ; 

the  unbalanced  hor  force,  acting  upon  the  car ; 
the   dist,    and     T     =     the    time,    within    which    Fi 

can  produce  or  destroy  V'; 
the  car's  kinetic  energy     ^     Fi  L     :si     the  corre- 
sponding work. 
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Then  (Mechanics,  pp  348,  etc.,  Art  10) 

K      =     MV*/2     =     FiL;    (19) 

and 

Fi     =     K/L     =     =     M^     =     MA      ...(20) 

^  TV  T 

47.  Values.  The  following  may  be  taken  as  indicating  the  range 
of  accelerations.  A,  and  of  values  of  /i,  to  be  expected  in  practice. 

A     =     acceleration    In    ft/sec/sec     =r     0.0161   fi 
'      fi     =     force  In  lbs  per  2000  lbs     =     62.1^1 

Starting  accelerations ; 

Acceleroraeter    tests    by     Harry     Egrrton     Wlmperls. 
England ;  Mine  Proc  Inst  C  E,  1911-12,  Part  II, 
plate  8. 
Electric  multiple-unit  trains,  when  leaving  stations.    A  fi 

Average  1.5       93.2 

Maximum  2.5     155.3 

Steam  train    0.5       31.0 

A  single  hevy  American  loco,  pulling  a  train  of  only 

two  passenger   cars,   may  be  expected  to  attain 

(up   to   moderate  vels)    1.0       62.1 

Braking  retardation ; 

Electric  and  steam  trains,  England 4.0    248.4 

to  4.5     279.4 
Various  types  of  modern  high-speed  Westlnghouse  air 

brakes.     Vels  25  to  50  mlAr*  Pennsylvania  R  B  3.0     186.3 

maximum  (Just  before  stopping) 8.0    496l8 

Assuming  friction  coeff,  c,     =     0.2  lb  /lb ; 

A     =     2000     X     0.0161  c     =     32.2  c      =      gc; 

and  assuming  all  brakes  correctly  adjusted 6.4     397.4 

With  veiy  light  trains  for  suburban  service,  where  high  accels 
are  essential,  the  forces  or  resists,  needed  to  overcome  inertia,  may 
greatly  exceed  all  the  other  forces  or  resists. 

Rotational  Inertia. 

48.  In  addition  to  the  inertia  due  to  motion  of  the  car,  aa  a 
whole,  along  the  track,  we  have,  in  the  revolving  wheels  and  axles, 
an  additional  inertia,  duo  to  their  rotation  alone :  and,  like  the  lin- 
ear inertia  of  the  car,  this  rotational  inertia  of  the  wheels  and 
axles  exerts  a  resistance  during  acceleration,  and  a  "moving  force" 
during  retarrlation.  We  here  have  to  take  account  of  the  gyration 
radius  (p  :irr2)  of  the  rotating  parts.  This  is  less  than  the  wheel- 
tread  radius. 

Let 
R     =     wheel-tread  radius;  r      =     gyration    radius    of    ro- 

tating parts ; 
V     =     rectilinear  car  velocity  v      =     rotational   vel   of   point 

at  end  of  r; 
=     rotational   vel   of   point 
on   wheel-tread  about 
wheel  axis; 
A     =     corrp;«pondlng      acceler-       o      =     corresponding  rotational 

atiou  ;  accel ; 

K     =     car  energy ;  k      =     rotational      energy      of 

wheels,    etc. ; 
Fi    =     hor    force,    applied    at.        Fr    =.     tangential  force,  at  end 
and  normal  to,  wheel  of  r,   producing  o ; 

axis,    and    producing 

Fa    =z     hor  force,  at  axis,  pro- 
ducing a; 
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W    5=     car  weight;  to     =     weight       of       rotating 

parts ; 

M     =     car  mass   =    W/g.  tn     =     mass  of   rotating  parts 

=  w/g. 

A/a       =       R/r)   we  have: — 

k  mv*  m  r'  m      /  r  \' 

K      ~     M  V*     "   M  R^    "     5"     Vr) 

Fi     =     MA;  Fr     =     ma; 

k 


Then 

(since  V/v       = 

*      = 

%fnv2;                  « 

K     = 

%  1/  F»;                 J 

F.     = 

r                      r 

Fr  —     =     ma  — 

R                     R 

F. 

mar            w  r* 

Ft 

MAR            Mli^ 

K         <"> 

49.  Because  the  masses  of  the  axles  lie  close  to  their  axes  of 
rotation,  their  rotational  inertia  is  so  small  that  it  is  commonly 
neglected.  But  car  wheels  and  electric  motors  are  of  considerable 
wt  and  diam,  and  their  rotational  Inertia  forms  a  material  portion 
of  the  total  car  Inertia. 

50.  Values.  In  ordinary  car  wheels,  r/R,  (  =  v/V),  is  usually 
about  0.7,  varying  somewhat  with  wheel  design ;  and  the  ratio. 
fo/W,  betw  the  wt,  w,  of  the  wheels,  and  the  total  wt,  W,  of  car 
and  load,  varies  (chiefly  with  the  extent  to  which  the  car  is 
loaded),  usually  betw  0.17  and  0.06. 

k  mf* 

Hence,  —       =       ,  may  be  expected  to  range  from 

K  MR/t 

0.7»  X  0.17   to  0.72  X  0.06,   or  say  from   0.085   to  0.03;   or,   as  an 
average,  say  k/K  =  0.05  ;  and  K  -\-  k  =  1.05  K. 

51.  As  determined  by  the  Westinghouse  Mfg.  Co.,  and  as  com- 
puted from  data  furnlsht  by  the  General  Electric  Co,  k/K,  In  elec- 
tric motors,  varies  betw  wide  limits.  In  general,  however,  it  lies  betw 
0.05  and  0.15  for  av  street  and  interurban  cars,  neglecting  the 
wheels  and  gears,  for  which,  in  such  cars,  k/K  appears  to  be  about 
0.10. 

With  electric  locomotivs,  the  range  is  much  wider;  certain  gear- 
less  electric  locos  having  k/K  less  than  0.10,  including  wheels ; 
while  in  other  low-geared  freight  locos,  k/K  may  be  as  high  as  0.60. 

Velocity  Head. 

52.  Let 

//  =   y^/2g  =  head  due  to  hor  vel  of  car; 

h    =    v*/2g    =    head  due  to  curvilinear  vol  of  point  at  end  of 
gyration   radius,   r. 

For  a  given  mass.  h/H  =  k/K.  Hence,  taking  k/K  =  0.05, 
fx  K    4-    k     =     1.05  K,  we  would  have, 

J^    4-    /»     =     1.05  H. 
Proin  eq   (20),  1(40,  substituting   (K    -{-    k)      r=     1.05 /v,  for  K, 
we  have : — 

Fi     =     1.05  K/L.  Hence,   F<     =      1.05  W  H/L ;  and 

2000  2100  H  2100  F» 

fi,       =      Fi     =     =     ; 

W  L  2  y  L 

where  V     =     hor  vel  of  car,  In  ft  per  sec     =       (1.400..)  X  Vm, 
where  Vm  =     vel  in  miles  per  hour.     Hence,  we  have : — 

fi       =     70.15  V«V^ (22) 


< 
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SUMMARY. 

53.  Pig  5  gives  a  general  view  of  the  relations  betw  the  normal 
resistance,  f»,  and  the  three  calculable  incidental  resists,  f»^  f^  and 
fi,  due  to  grades,  to  curvature,  ana  to  velocity  increases,  respec- 
tively. 

The  y  scale  refers  only  to  the  /n  and  fi  diagrams;  while  the  t 
and  D  scales  refer  to  the  fa  and  fe  diagrams  respectively. 

Note  that  the  right  hand  vertical  scale  relates  to  the  /«  diagram 
only. 

The  fn.  diagram  represents  the  Am  Loco  Co  formula  of  Eq  (6), 
1126:— 

100 

fn     =     5.4    +    0.002(y  -  15)*    -f    , 

{V    +    2)« 
where  V     =     speed  in  miles  per  hour. 
The  fa  diagram  represents  eq   (12).  ^  35, 
fa       =       20 «, 
where  a     =     grade  in  ft  per  100  ft. 
The  jo  diagram  represents  eq  (14).  t[  40, 
fc     =     /)/i, 
where  Z)     =     degree  of  sharpness,  and  f\     =     0.8. 
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54.  The  several  fi  curvs  represent  the  sum  of  linear  and  rota- 
tional Inertia  resists,  where  sum  =  1.05  X  linear  res,  and  L  = 
the  dlst,  in  ft,  in  which  the  vel  change  is  effected.  In  using  these 
curvs,  It  is  necessary  to  take  out  the  two  resists,  one  for  the 
initial  and  one  for  the  final  vel  (each  for  the  dlst  L  in  question) 
Then,  inertia  res  =  difference  only  betw  these  two  resists,  each 
of  which,  alone,  represents  the  res  when  one  of  the  vels  is  zero 
fi     =      70.15  FmVI'/  eq   (22),   H  52. 
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58.  Bxample.  Let  the  wt,  W,  of  train  be  1500  tons;  the  up- 
grade, 8,  =  0.06  ft  per  100  ft ;  the  curv  sharpness,  D  =  3* ; 
ind  let  the  vel,  V,  be  increast  in  a  dlst,  L,  of  10,000  ft,  from  80  to 
40  mi/hr;  (mean  yel,  35  mi/hr). 

Then,  from  Fig  5,  we  hayc  lbs  per  ton 

Normal  resistance,  fn.  Am  Loco  Co   (F  ~  85  mi/hr)    6.2 

Grade  "  7»   (   =  20  X  0.05 )        1.0 

Curv  "  r«   (   =  0.8  X  3)  2.4 

Inertia  "  fi   (  =  11.2  -  6.3)         4.9 

Total  unit  resistance,  f, 14.5 

Total   resistance,  F    :=    fW    =    14.5  X  1500    =    21,750  lbs 
Of  which  there  are  due 

to  uniform-speed  resistances  9.6  X    1500     =     14,400  lbs. 

to  speed-increase       "  4.9  X   1500     =       7,350  lbs. 

DTNAMOMBTER  CARS 

66.  The  ehief  function  of  a  dynamometer  car  is  to  measure 
(and  record)  the  traetlv  effort.  The  dyn  car  is  placed  betw  th<» 
loco  tender  and  the  first  car  of  the  train,  and  the  amount  of  the 
pull  upon  its  draw-bar  then  Indicates  the  tractly  effort  exerted 
upon  the  train  exclusiv  of  the  tender. 

67*  Reeorder.  The  car  is  usually  fitted  with  apparatus  for 
nafically  recording  oar  plotting  the  various  data  to  be  obtaind. 
This  apparatus  consists  essentially  of  a  large  table  or  frame,  fitted 
up  in  the  car,  with  a  long  continuous  strip  or  band  of  paper,  to 
receiv  the  record.  This  oand  is  caused  to  move  longitudinally 
over  the  table  and  under  a  number  of  pencils  or  pens,  each  of 
which  is  capable  of  more  or  less  lateral  movement  across  the  paper. 

The  naovement  of  the  paper  may  be  made  proportional  either 
to  the  dist  traveld  along  the  track,  or  to  the  time  consumed.  If 
the  movement  of  the  paper  is  to  be  proportional  to  distance  traveld, 
the  drum,  onto  which  the  paper  is  wound,  or  which  drives  it,  is 
usually  geard  to  an  axle,  left  without  brakes,  since  braking  might 
cause  the  wheels  to  slide.  The  gearing  is  preferably  so  arranged 
that,  the  paper  will  move  in  only  one  direction,  whether  the  car 
moves  forward  or  back,  as  otherwise  the  records  would  overlap 
when  backing  up  and  moving  ahead  again.  If  the  movement  of  the 
paper  Is  to  be  proportional  to  time,  the  winding  drum  may  be 
operated  by  powerful  clock-work,  or  by  a  well-constructed  fan  move- 
ment 8QCh  as  that  used  for  the  striking  action  of  a  clock,  or  by 
means  of  magnets  operated  by  electric  coiitacts  made  at  close 
intervals  by  a  clock. 

58.  Pens.  The  lateral  movements  of  the  several  pens  or  pencils 
are  controld,  sometimes  by  electro-magnets,  and  sometimes  by  me- 
chanical connections  of  various  kinds,  as  may  be  convenient  or 
appropriate. 

SO.  The  draw-bar  pall  was  formerly  measured  by  means  of  a 
mechanism  similar  to  a  weighing  scale  laid  upon  its  side,  so  as  to 
measure  horizontal  instead  of  vert  forces.  It  is  the  general  practice 
now,  however,  to  have  the  draw-bar  connected  directly  with  a 
piston,  sliding  in  a  strong  cylinder  containing  oil.  A  pipe  leads 
from  this  cyf  to  a  smaller  cyl  placed  at  the  recording  apparatus, 
and  fitted  with  a  piston  and  spring,  as  in  the  ordinary  steam- 
engin  "indicator."  This  then  records  directly  upon  the  paper,  by 
moving  its  pen  more  or  less  to  one  side,  depending  upon  the  force 
transmitted  thru  the  oil,  from  the  draw-bar.  Another  method 
makes  an  "indicator"  of  the  main  draw-bar  cylinder,  by  fitting  it 
with  accurate  but  heavy  springs,  and  by  directly  transmitting  Its 
movement  mechanically  to  the  pen  of  the  recorder.  Using  either 
method,  leakage  of  oil  past  the  piston  in  the  cyl  must  be  compen- 
sated.   This  is  usually  done  by  means  of  a  8Pif^||^\l|«'l^Qle 
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eo.  Aeceleratlon.  Acceierom^ters  usually  depend  npon  the  for- 
ward or  backward  deflection  of  a  pendulum  or  other  eccentrically 
suspended  mass,  under  tlie  force  due  to  acceleration  or  retardation. 
Difficulty  has  been  experienced  in  preventing  violent  and  misleading 
oscillations  without  unduly  delaying  or  restricting  the  motion.  The 
Wimperis  accelerometer,  Mins  Proc  Inst  C  B  (England),  1911-12, 
Part  II,  p  420,  appears  to  give  good  results,  the  motions  of  the 
masses  being  dampt  magnetically.  Mr.  Wilfred  Lewis,  of  Phila- 
delphia, has  used  an  instrument  similar  to  the  common  leveling 
tube ;  and  the  behavior  of  the  bubble  seems  fairly  satisfactory ;  bat 
this  device  can  make  no  record.  Another  instrument,  experimented 
with  by  the  Trautwine  Company,  cannot  possibly  over-indicate,  no 
matter  how  sudden  the  changes  of  accelerating  force.  The  appa- 
ratus (carried  on  the  car)  depends  upon  the  constant  dropping  of 
a  stream  of  particles,  sucn  as  sand,  steel  balls,  or  drops  of  water, 
from  a  given  point  in  the  apparatus,  thru  a  given  height,  onto  a 
scale  placed  at  the  bottom  of  the  apparatus  and  lyinsr  in  the  direc- 
tion in  which  the  accel  is  to  be  measured.  The  particles  are  releast 
in  rapid  succession,  and  each  particle,  falling  freely,  must  continue 
falling  with  the  hor  vel  it  had  when  releast.  Therefore,  any  change 
of  vel  of  the  car,  which  occurs  during  the  fall  of  any  particle,  shifts 
the  scale  under  it  more  or  less,  so  niat  the  particle  falls  upon  the 
scale  at  a  greater  or  less  distance  from  the  zero  (which  is  imme- 
diately under  the  point  from  which  the  particles  are  releast),  in 
direct  proportion  to  the  av  accel  during  the  time  of  falling. 

61.  Strictly  speaking,  an  accelerometer  can  measure  acceleration 
only  when  runmng  on  a  level.  With  a  train  on  a  groAe,  the  effect 
of  the  grade  Increases  or  diminishes  the  indications,  and.  unless 
correction  can  be  made  for  this,  the  Indication  of  accel  is  corre- 
spondingly misleadhig.  On  a  car  or  train  running  without  power 
or  brakes  (on  any  grade),  an  accelerometer*s  indications  become  a 
measure  of  the  total  rcBisiance  of  the  car,  or  train,  as  a  whole. 

e2.  Lateral  forces,  due  to  curve  or  ineaualitles  in  the  track* 

are  frequently  measured  by  an  accelerometer  placed  at  right  angles 
to  the  track,  especially  on  test  cars. 

63.  Ttaso  should  be  recorded  when  the  movement  of  the  paper  to 
proportional  to  the  dist  traverst.  and  a  time  record  is  useful  even 
when  the  paper  is  moved  at  a  time-rate.     It  is  usually  made  by  a 

n  deflected  by  an  electro-magnet  actuated  once  every  five  seconds 
contacts  in  a  clock. 

64.  Distance  should  be  recorded  If  the  paper  la  made  to  travel 
at  a  time-rate,  and  a  dist  record  is  useful  even  when  the  naper  to 
moved  in  proportion  to  the  dUtance.  It  Is  made  by  a  pen,  deflected 
by  an  electro-magnet,  or  by  gearing  from  the  wheels,  every  time  a 
certain  dist  has  been  traverst.  In  any  case,  dist  Is  usually  recorded 
also  by  an  observer  using  a  push-button  by  means  of  which  he  can 
deflect  another  pen  upon  the  passage  of  each  mile-post  or  other 
object. 

65.  Speed  may  be  deduced  from  the  records  of  distance  If  the 
paper  is  moved  at  a  time-rate  or  vioe  ^ena.  It  to,  however,  prefer- 
ably plotted  by  a  special  pen.  which,  as  the  velocity  changes,  may 
be  deflected  from  ito  datum  line  by  mechanical  connection  with  a 
device  similar  to  a  centrifugal  governor,  or  by  some  other  type  of 
speed  recorder;  or  the  pen  may  be  so  arranged  as  to  he  drawn 
aside  from  the  datum  line  by  means  of  an  electric  contact  or  cmp- 
ing  from  the  wheels,  proportionated  with  the  dist  traverst,  releast 
at  the  end  of  a  given  time  Interval,  and  allowd  to  fly  back  to  the 
datum  Une,  thus  giving  a  record  of  average  velocities  for  sncces- 
slv  short  Intervato  of  time.  This  last  device  should  require  no  cali- 
brating. Using  an  additional  reflnement.  only  the  atapplng-up  or 
counting  mechanism  returns  to  sero.  while  the  pen  remains  at  the 
^SL  P£*^V"*3r  reacht,  thus  plotting  a  stept  curv  Instead  of  a 
series  of  ordlnates. 
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M.  Air-brake  operation  is  nsually  recorded  by  a  pen  deflected 
by  a  piston  in  a  small  cylinder  connected  with  the  brake  cyl  of  the 
car. 

67.  Boiler  pressure  has  been  similarly  recorded  by  means  of  a 
steam  pipe  connected  with  the  loco.   . 

68.  IVind  velocity  has  been  recorded  (at  least  on  the  Univer- 
sity of  Illinois  Test  Car)  by  the  usual  Weather  Bureau  Robinson 
cup-type  anemometer,  making  and  breaking  electric  contact  with 
every  0.2  mile  of  wind. 

68.  IVind  direction  is  recorded  (on  the  same  car)  by  mechan- 
ical connection  with  a  wind-vane,  whereby  the  deflection  of  the  pen 
is  kept  =  to  the  sine  of  the  angle  of  the  vane,  right  or  left,  while 
the  forward  or  rearward  position  of  the  vane  is  indicated  by  an- 
other pen. 

70.  CnrvH  may  be  recorded  by  mechanical  connection  with  one 
of  the  trucks. 

71.  Hiaeellaiieoiui  data  are  largely  recorded  by  hand,  by  means 
of  push-buttons  on  the  car  or  loco ;  this  method  being  used  for  such 
items  as  shovelfuls  of  coal  put  into  flre-box,  opening  and  closing 
of  fire-box  door,  opening  and  closing  of  throttle,  position  of  reverse 
lever,  etc 
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TRAIN  DYNAMICS 

GBNERAXi 
Tmctiv  Force»  RcsUitiuicest  Speed*  Bbcivt-. 

1.  The  movements  of  a  train  are  govemd  It  the  existing  relatloii 
betw  the  tractiv  force  and  the  resistancec  This  relation  Is  partly 
onder  the  control  of  the  enginman.     See  f  4. 

2.  Tractiv  Force.  With  a  given  loco,  tractiv  force  (p  1056)  is 
Increast  by  Increast  steam  admission  to  the  cylinders  (as  by  In- 
creasing the  boiler  ontput  or  the  throttle  opening,  or  by  delaying 
cut-ofE),  and  by  increasing  the  **adhesion*'  betw  drivers  and  rails 

ias    by   sanding   the    rails).      The    tractiv    force   is   dlminisht   by 
imlnisbt  steam  admission  to  the  cylinders  and  by  slipping  betw 
the  drivers  and  the  rails. 

3.  The  re«l«taiice  is  increast  bv  the  application  of  brakes  or  by 
reversing  the  loco  englns ;  and  Is  dlminisht  by  releasing  the  brakes. 

4.  In  practice,  however,  these  operations  are  complicated  by 
other  phenomena.  Thus,  a  material  speed  incretuse  (as  by  increast 
steam  admission  to  the  cylinders)  increases  the  dilBculty  of  main- 
taining the  increast  cyl  pressures;  while,  on  the  other  hand,  as  o 
train  slows  down,  it  becomes  easier  to  maintain  said  pressures. 

5.  Again,  under  certain  conditions  (Resistance,  pp  1057,  etc.) 
the  frictional  and  atmospheric  resistances  increase  when  the  speed 
increases.  As  a  result  of  this,  each  grade  has  its  limiting  velocity, 
which  cannot  be  exceeded  by  a  descending  train,  left  to  itself  upon 
such  grade.     See  pp  1087-8,  tfH  37-38. 

Bffcct  of  Inertia. 

6.  Enersy.  When  speed  is  being  increast,  kinetic  energy  is  being 
stored  in  the  train,  and  such  storage  (except  when  produced  by  a 
down  grade)  requires  additional  work  from  the  loco.  When  speed 
is  being  dlminisht,  the  kinetic  energy,  already  stored  in  the  train, 
assists  its  forward  motion. 

7.  For  any  change  of  speed,  as  from  Vi  to  v^,  the  change,  in 
kinetic  energy,  is 

W  =     m  ;  where 

2g  2 

W     =     the  weight,  and  m     =     the  mass,  of  the  train ;  and  g     = 
gravity  acceleration,     =     say  32.2  ft  per  sec  per  sec. 

8.  The  -virtual  head  or  Telocltr  head*  =  the  height  thnr 
which  a  l}ody  must  fall,  in  order  to  change  its  vel  from  Vi  to  o^  is 

t?i«    —    r,» 

fc»     = -.         Hence, 

2g 

Vi*    —    v^ 

Change  in   kinetic   energy         =     W  — =      MT  hr. 

2g 

Where  either  v,  or  i'»     =     zero,  we  have,  vel     =     v,  and 
Energy  change     =      W  v*/2  g     =     W  A». 
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GRADBS 

9.  In  coDslderiniT  the  establishment  of  grades,  their  effect  upon 
train  velocities  Is  of  vital  Importance. 

Virtual  Profile. 

10.  Virtual  headi  virtual  arradet  virtual  profile.  In  Figs  la, 
lb  and  Ic,  let  ABO...Q  be  a  given  railroad  profile;  and,  In 
each  Fig,  let  a  train,  coming  from  the  left,  reach  A  with  a  vel  of 
V  ft  per  sec.  Let  A  a  represent,  by  the  scale  of  the  actual  oroflle, 
the  corresponding  or  virtual  head,  hv  =  v^/2g.  For  simplicity, 
we  here  neglect  the  rotational  vel  of  the  wheels ;  see  p  1064. 
At  other  points,  in  either  Fig,  erect  ordinates,  B  b,  0  o,  D  d,  etc, 
representing,  by  the  same  scale,  the  virtual  heads  at  those  points 
respectivly.  Then,  for  the  condition,  see  tf  13,  represented  by  either 
Fig,  ahc  .  .  .  g  iB  the  virtual  profile  corresponding  to  the  actual 
profile,  ABO,   .   .  G. 

11.  Let 
T       = 
F       = 

t       = 


parallel  to  the  track 


the  loco  tractlv  force 
the  total  or  resultant  resist 
T    —    F     =     the  resultant  force  " 

the  force  causing  the  accel  •*  " 

the  gravity  component  **  " 

the  nongravitational  resist  " 

("+"   =   with  T;    "-"   =   against  T)      " 
train  weight  acting  vert  downward 

gravity    acceleration  "         " 

12.  As  will  be  shown,  the  behavior  of  the  train  is  govemd  by 

the  adjustment  (partly  within  the  control  of  the  enginman)   betw 

T,  F,  Fm  and  Fr. 


F,     = 

Ft       = 


W      = 
ff         = 


If  T  is 

F»  is 

T  ■{■F,\s 

Fr  is    1     F  = 

t   i=   T  -  F)   = 

^ 

<  F, 

"" 

— 

+ 

F,  -Fr 

T    -  {F,     -  Fr) 

=    T    -    F.    +    Fr 

>   F, 

— 

+    • 

— 

F,+Fr 

T  -{F,  +  Fr) 
=    T    -    F.    -    Fr 

0 

+ 

__ 

Fr 

T    -    Fr 

•~~- 

+ 

+ 

" 

Fr-F, 

T  -  {Fr  -  F,) 
=    T    +    F,    -^    Fr 

( 


13.  FiflTB  la,  lb  and  Ic  represent  three  supposable  and  typical 
cases,  as  follows : — 

Fig  la.     T     —     Fr.     Virtual  profile  horizontal; 

Fig  1*.     r     =     F.  "  "       parallel    to   actual    profile; 

Fig  Ic.     Neither  of  the  two  foregoing  conditions  satisfied. 

14.  Flic  la.  ^<Frictloiiles«i  train.**  We  here  assume  that  the 
tractlv  force  Is  maintaJnd  thruout  equal  to  the  non-gravitational 
resistance;  or  T  =  Fr.  The  train  Is  then  mechanically  in  the 
condition  of  a  frictionless  body ;  i,  e.,  all  vel  changes  are  those  due 
to  gravity  alone. 

15.  Then,  in  passing  from  A  to  B,  the  train  loses  A' B  in  ele- 
vation, but  gains  an  equal  amount  in  virtual  hea'i  due  to  increast 
vel,  making  its  total  virtual  head,  at  B,  Tip  =  i?  b  =  Byl'  +  A'  6. 
Hence,  the  vlrt  profile,  a  &,  bptw  A  and  B,  is  horizontal,  as  Is  also 
(in  Fig  la)  the  virtual  profile,  a  I  c. . .  .g,  for  the  entire  line, 
A  B  cr..,,0,  assuming  (as  above)   that  T  ftp^d^/i^re  maintained 
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equal  thruout  This  is  apt  to  be  at  least  approz  the  caae  with 
light  and  fast  passenger  trains  on  short  and  moderate  prades. 
Such  a  condition  would  continue  Indefinitely  (assuming  T  main- 
tained =  Fr),  except  that  if,  at  any  point,  the  actual  grade. 
A,... Of  rises  to  the  level,  a....g,  the  train  comes  to  rest,  and 
cannot  start  again  without  increase  of  T  over  F.    See  11  21. 


16.  Fiar  lb.  Velocity  uniform.  If  the  tractiv  force  is 
tained  equal  to  the  total  resistance  (which  includes  the  gravity  com- 
ponent), i.  e,,  \t  T  =  F  =  ±  Fa  ±  Fr;  so  that  t  =  T  —  JS"  =  zero : 
then    the    vel    (and,    consequently,    the   vel    head,    hp,    represented 


Wig.  la 
T^F^ 


F=  F, 

*(  =  r-F)=      0 

Accel.  0 


Fig,  \h 


g 

^ 

G 

0 
0 

0 

0 

Fig.  Ic 


FlflTM.   1. 


hy  Aa,  B  it,  etc)  remain  constant,  and  equal  to  those  of  the  train 
when  arriving  at  A ;  and  each  stretch,  ah,  he,  etc,  of  the  virtual 

profile,  ahe g,  is  parallel  with  the  corresponding  stretch,  AB, 

B  C,  etc,  of  the  actual  profile,  ABC,.,,Q,  On  level  stretches,  as 
B  C,  we  have  F,  =  zero,  F  =  Fr,  and,  in  Fig  16  (as  thruout 
Pig  la),  T  =  Fr,  and  h  c  horizontal. 

17.  FlflT  Ic.  Usual  case.  In  general  (and  especially  with  heavy 
frt  trains)  the  relation  betw  T,  F,,  Fr  and  F,  adjusted  by  the 
enginman  (see  Tlf  1,  2,  3)  to  suit  existing  conditions,  fulfils  neither 
the  conditions  of  Fig  la  nor  those  of  Fig  16.        ,    r^.^.^i^ 
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18.  In  tbe  assumed  case,  represented  by  Fig  lo,  we  hare: — 
In  Fig  Ic 


Section 


A 

A  -  B 
B  -  0 
O  -  D 
D  -  B 
B  ^  F 

F  -  a 
a  .. 


Grade 


actual  virtual 


Tractiv 
force.  T 


\tizz:   T   -   F) 
Virtual  and  |  and 

actual  grades ,    acceleration 


=Z    Ft    =  F 

<  Fr    >  F* 

>  Fr    >  F 
=    Fr     <  F 

<  Fr    >  F* 
=    Fr    >  F 

>  Fr    <  F 
=    Fr    =  F 


parallel 
divergent 

convergent 
divergent 

n 

convergent 
parallel 


0 

+ 
+ 

+ 
+ 


In   general ;   Figs   la,   lb,   !<;« 


If  the  virtual 
grade  is 

The  tractiv 
force,  T,  is 

If  the  virtual 
and  actual 
grades  are 

The  velocity 
is 

up 
lev«l 
down 

>     Fr 
=    Fr 

<    Fr 

divergent 

parallel 

convergent 

coincident 

accelerated 

uniform 

retarded 

zero 

i 


19.  The  dotted  profile,  f  f  0,  in  each  of  the  three  figures,  repre- 
sents a  case  where,  instead  of  proceeding  continuously  from  F  to  O, 
the  train  stops,  as  at  F' ;  i.  e.,  the  case  where  the  vel  becomes  zero, 
and  the  two  grades  coincide. 

aOb  Different  Profilen  for  different  trains.  Since  trains  differ 
as  to  speed,  etc,  each  train  may  require  its  own  separate  virtual 
profile;  thus,  Fig  la  represents  approximately  the  probable  con- 
ditions for  fast  passenger  trains;  Fig  lo  those  for  freight  trains, 
etc 

21.  The  virtual  profile  shows  the  speeds,  and  the  speed  changes, 
which  may  be  expected  of  a  given  train  on  a  given  profile.  Thus, 
Pig  la  or  Ic,  if,  at  A,  the  vel  were  such  that  the  vel  bead  was 
only  A  a',  the  train  would  stall  at  D,  provided  the  other  conditions 
remaind  as  shown ;  the  virtual  profile,  ad,  in  that  case,  being 
simply  lowered  vertically  and  parallel  with  itself,  thru  the  dist 
aa'     =     dD.     See  1115. 

•On  a  down  grade,  the  total  resistance,  F,  becomes  Fr  minus  F» 
(see  1[  12)  :  and  may  thus  be  very  small,  or  zero,  or  even  a  minus 
quantity.  Therefore  the  loco  tractiv  force,  T,  even  if  less  than  Fr, 
may  yet  be  greater  than  the  "total"  resistance,  F. 
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22.  Head-ffaln.     Pig  Ic.     In  any  given  dist,  as  B  C,  the   Don- 

grayitational  head-gain,  hv,  (or  head-loss,  as  the  case  may  be), 
represented  by  &  c,  is  directly  proportional  to  the  unbalanced 
non-gravitational  force,  *r  (  =  T  —  Fr  or  Fr  —  T),  acting 
upon  the  train  thruout  that  dist;  and  the  ratio,  betw  said  un- 
balanced force,  tr,  and  the  train  weight,  W,  is  equal  to  the  ratio 
betw  hv  and  the  dist,  L,  represented  by  B  O.     In  other  words. 


U 
W 


tr     =      W 


h. 


23.  Profile  steepness  measares  foree  excess.  Fig  Ic.  Sim- 
ilarly, in  the  distance  represented  by  A  B,  there  is  an  excess 
(  =  ir  =.  Fr  -^  T)  of  non-gravitational  resist  over  tractlv  force; 
and  the  increase  in  vel  and  in  vel  head  is  therefore  less,  in  Fig 
Ic,  than  in  the  same  stretch,  A  B,  in  Fig  la,  where  T  =  Fr. 
The  corresponding  loss,  hv,  of  vel  head,  \n  A  B,  B^g  lo,  as  com- 
pared with  Fig  la,  is  represented  by  h*  h.   Here  also 

hv 

tr     =     W  . 

L 
The  steepness  of  any  line  in  the  virtual  profile  is  thus  a  measare 
of  the  excess  of  tractlv  force  over  non-gravitational  resistance,  or 
vice  versa. 


The  heiBrht  to  'wbJch  a  train  will  ascend  a  arrade. 

24.  Vie  2.  Suppose  a  train  running,  at  uniform  speed,  on  a 
level  track,  AB.  Then  (the  speed  being  uniform),  we  have,  on 
AB,  T  =  F|  or  *  (  =  T  —  J*^)  =  zero  (tl  18)  ;  and  {A  B 
being  level),  we  have:  gravity  component.  Ft,  =  zero:  and 
tractlv  force,  T  (  =  F)  =  Fr  +  F,  =z  Fr  -^  0  =z  th^ 
nongravitatlonal  resistance,  Fr. 

25.  At  B,  let  this  train  encounter  an  ap-graae,  BO;  and  let 
0       =     the   angle,   C  B  D,  between   the  grade,  B  C,  and   the  hori< 

zontal ; 
t       =     T  —  F  =z  net  tractiv  force 

=     loco  tractiv  force  minus  total  or  resultant  resistance; 
W     =     weight  of  train  and  locomotlv ; 
Ft     =     W  sin  6   =   the  gravity  component ; 
g      =     gravity  acceleration  =  32.2  ft  per  sec  per  sec; 
V       =     train  velocity  at  B. 

26.  Now,  if,  on  the  nrrade,  B  C  (in  spite  of  the  addition  of 
F*  to  the  resistance)   T  is  so  maintalnd  that  we  have 

T    >    F  (virtual  grade,  h  d,  diverging  from  actual  grade,  B  C), 

OigitizedbyCoagle 


VELOCITY  HEAD. 


1075 


then  (see  T  18)  the  vel  is  accelerated,  and  accel     =     g  t/W, 
If 

T  =  P,  t  =  0  (virtual  grade,  h  e,  parallel  with  actual  grade, 
B  C),  then  the  vel  is  uniform  (accel  =  gt/W  —  zero).  In  either 
of  these  cases,  the  train  ascends  the  grade  indeflnitly. 

27.  But  if,  on  the  grade,  B  C,  we  have 

T  <  F  (virtual  grade,  6  c,  6  c'  or  b  c",  and  actual  grade,  B  C, 
converging)^ 

then  the  vel  is  retarded,  with  negativ  accel  =  —  o  t/W,  and 
the  unbalanced  retarding  force,  —  t  =  T  —  F,  brings  the  train  to 
rest 

In  a  height,  he.  he'  or  he",  and 

in  a  dlst,  hr/sln  $,  he'/sin  B,  or  he^/sXn  $, 
determined  as  follows  : — 

28.  (1)  if,  on  the  grade,  B  C,  we  have 

T  (<  F)     =     Fr  (virtual  grade,  be,  horizontal), 
then   the  train   (see  K  14)    moves  under  the  action  of  the  gravity 
component,  t  =  Fa  =  W  sind,  alone,  with  neg  accel  =  —  gt/W  = 

—  gW  sin  6/W  =   —  g  nln  6.   Hence,  the  unbtilnncod  retarding  force, 

—  t  =  Ft  =  W  sin  0,  brings  the  train  to  i-est 
in  a  height,  he     =r     v*/2g,  and 

in  a  dist,  Be     =     hr/Hin  $. 

29.  (2)    But  if,  on  the  grade,  B  C,  we  have  either 

(a)  T  (    <  P)    >  Fr  (virtual  grade,  5  c',  ascending),  or 

(b)  T   (    <   F)    <  Fr   (      "  "        be",    desoemling) ', 

then  the  unbalanced  retarding  force,  —  t  =2  T  —  F  will  bring  the 

train  to  rest 

he  W  sin  B/V,  or 
he  W  sin  B/t"  : 
he  IV/r    =    ^'r/8in  B  ;  or 
Be"    —     heW/r  =  /icVslntf. 


in  a  height, 
in  a  dlst, 


(a)  he' 

(b)  he" 

(a)  Be* 

(b)  - 


Figr.  8. 


"Work  da«  to  elevation  differences. 

30.  Fls  3.  Theory.  In  moving  a  train,  of  weight,  W,  from  A 
to  B  (whether  thru  the  uniform  grade,  A—B,  or  via  A^O-^B,  or 
via  A — D — B,  or  via  A — D' — B),  the  net  or  resultant  worli  done, 
due  to  elevation  dlfP,  alone,  and  neglecting  friction,  is  theoretic- 
ally W  h,  or  the  work  of  lifting  the  wt,  W,  thru  the  vert  height,  h, 

31.  In  traversing  A—B,  or  A—C—B,  the  train  does  not  rise 
above  B,  or  descend  below  A;  and  the  total  work,  due  to  elev  dlff, 
is  equal  to  the  net  or  resultant  work,  W  h. 

32.  In  traversing  A—D—B  or  A—D'—B,  the  train  wt.  W,  must 
Indeed  be  lifted  thru  the  greater  height,  H  or  H\  respectivly,  mak- 
ing the  total  work,  due  to  elevation  diff,  =  W  H,  or  WW,  re- 
Bpectivly :  but,  theoretically,  the  additional  work,  W  d  ox  W  d',  en- 
talld  by  the  lift,  d  =  H  —  7»,  or  d'  =  //'  —  h,  respectivly.  Is  com- 
pensated by  that  given  out  by  the  train  on  the  down-grade,  after 
passing  the  summit,  D,  or  before  reaching  thetjitfesw^^  point,  D. 
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33.  Practice.  Hence,  the  refraltant  work,  due  to  elevation  diff, 
remains,  mechanically,  =  W  h;  and  this  Is  frequently  realised, 
more  or  less  approximately.  In  practice;  the  energy,  due  to  the 
down  grades,  being  utilized  to  an  extent  depending  upon  the  lengths 
and  steepnesses  of  the  grades,  and  the  resistances  upon  them,  and 
depending  also  upon  the  grade  beyond  B,  and  upon  whether  a  stop 
is  made  at  B,  or  at  the  foot  (D')  of  the  down  grade. 

34.  Any  rise,  E—D  (or  fall.  A— D'),  which  entails  work  In  excess 
of  W  hj  is  accompanied  by  a  fall,  D^B  (or  rise,  D'—F)  of  equal 
vert  height.  But  the  "rlse-and-fall",  In  E—D^B  (A—D'—F)  is 
d  id')  ;  and  not  2  d  (2  d'). 

Practical  Conalderatloaa. 

35.  Grades  Increase  the  operation  cost. 

On  an  up-grade,  AB  or  OB.  Fig  3,  p  1075,  the  lift,  h,  involvs 
additional  fuel  cost.  Speed  reduction,  on  the  grade,  may  diminifih 
the  total  normal   resistance   (compare  Pig  1   of  Train  Keslstance, 

f)  1058)  ;  but  reduced  speed  means  time-loss  and  therefore  Increast 
abor  cost. 

36.  DeacendInK  srades.  In  descending  any  grade,  there  may 
be  a  reduction  of  expense  for  fuel  over  that  required  for  running 
on  a  level,  and  some  reduction  in  wages  cost  due  to  traversing  a 
given  dist  in  less  time ;  but  steep  down  grades  are  neverthelesB 
troublesome  and  expensiv,  as  in  wear  of  brake-shoes  and  of  wheel- 
treads. 

37.  Effect  of  grrade  lensrtli  upon  tractive  force.  Upon  a  long 
up-grade,  unless  speed  is  reduced,  any  »urplu8  boiler  pressure,  with 
which  the  locomotlr  may  have  enterd  the  grade.  Is  drawn  upon  and 
may  be  exhausted,  within  a  dlst  depending  upon  the  load  and  upon 
the  steepness  of  the  grade.  Thereafter,  the  tractiv  force  Is  limited 
by  the  steaming  qualities  of  the  boiler;  and  It  Is  to  be  expected 
that  the  mean  tractive  force,  on  the  entire  grale,  will  diminish  as 
the  length  of  the  grade  Increases.  Comparing  various  cases,  Mr. 
Beverley  S.  Randolph  finds,  approx  : 

Length  of  continuous 

up-grade,   miles  :  0     5  10  15  20  and  over 

Mean  tractiv  force    =    31  24  19  17         10  %  of  wt  on  drivers. 

The  steepness  seems  not  to  affect  these  figures  appreciably.  Am 
Soc  C  B,  Trans  Vol  70,  Dec  1910,  p  323. 

38.  Hmnps  and  sagrs.  Notwithstanding  the  foregoing,  minor 
grades  (even  tho  steeper  than  ruling  grade)  may  often  be  properly 
introduced  in  the  profile  of  a  railroad.  Their  introduction  may 
effect  great  economy  in  construction,  thru  the  avoidance  of  heavy 
cutting  and  filling.     For  "ruling  grade,"  see  K  11.  p  1084. 

39.  An  acceleration  Krade  is  a  hump  introduced  for  the  pur- 
pose of  aiding  in  stopping  and  starting  trains  at  a  station  placed 
at  the  grade  summit,  or  to  accelerate  or  retard  their  speed  at  a 
given  point.  Such  grades  may  reduce  not  only  the  wear  and  tear 
on  wheel-treads  and  on  brake-shoes,  in  slowing  down,  and  the  work 
required  In  regaining  speed,  but  the  time  required  In  both  opera- 
tions. They  are  largely  used  on  rapid  transit  lines,  even  where 
their  use  Involves  increast  excavation  for  subways,  or  increast 
climbing,  by  passengers,  to  elevated  stations. 

40.  A  momentum  grrade  Is  one  which,  however  steep.  Is  so 
short  that  any  train,  with  reasonable  velocity,  may  sunnonnt  it 
without  losing  too  much  of  its  speed.  It  is  usually  so  steep  that 
a  train  could  not  surmount  it  without  "taking  a  run*',  or  re-start 
if  stalled  upon  it. 

41.  Momentum  grades  must  therefore  be  introduced  only  after 
considering  every  probable  or  possible  condition  which  might  lead 
to  stalling;  such  as  grade  crossings,  curvature,  sidings,  water 
tanks,  stations,  etc,  on,  or  just  before  reaching,  the  grade ;  or  the 
possible  future  installation  of  such  features.  If  the  danger  of 
stalling  is  slight;  or  if  a  train,  when  stalled,  can  readUy  be  backt 
off  and  run  on  again,  and  if  the  delay  to  following  traffic  U  not 
serious;  a  momentum  grade  is  permissible., ^^^^^^^^^^^Ogle 
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42.  Up-srade  limitations.  Starting  up-hill.  Where  trains  must 
be  started  up-hill,  the  grade  should  be  such  (Webb)  as  to  permit 
an  acceleration  of  at  least  15  mi/hr  in  1000  ft,  or  a  ruling  grade 
should  be  reduced  (Alaska  Central  By)  by  0.2  ft  per  100  ft. 

43.  In  cuts,  even  where  other  conditions  would  permit  the  use 
of  a  level  grade,  It  is  usual  to  establish  a  grade  of  not  less  than 
0.2  ft  per  100  ft,  for  the  sake  of  drainage. 

44.  One  railroad  apeoifles  that,  on  tidinga,  no  grade  shall  exceed 
5%  (264  ft  per  mile)  on  a  tangent,  or  3%  (158.4  ft  per  mile)  on  a 
cury,  or  1%    (52.8  ft  per  mile)  where  cars  are  to  be  loaded. 

45.  Down-srrad«  limitations.  The  speed,  acquired  on  a  down 
grade,  depends  partly  upon  Its  vert  depth,  and  partly  upon  the 
grade  rate.  See  Classification  of  grades,  p  1087,  t  37.  The  drop 
should  never  be  such  that  freight  trains  (left  to  themselvs)  win 
attain  speeds  exceeding  say  30  to  35  mi/hr;  nor  should  it  reduce 
the  speed  of  ascending  freight  trains  below  10  ml/hr. 

46.  Vertical  curvs  should  be  employ d  wherever  there  is  any 
markt  grade  change.  They  prevent  forward  and  backward  impacts, 
due  to  taking  up  and  giving  out  slack  of  couplings  betw  cars,  and 
avoid  the  resulting  danger  of  breaking  the  train  in  two. 


( 
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CURVS 

47.  In  Fig  4,  assuming  curv  resistance  proportional  to  sharpness, 
D,  or  approx  inversely  as  radius,  K  (See  Train  Resistance,  p  1062, 
pgf  40)  ;  let 

'    For  curv  AM  B   '      For  curv  a  b 
R/r  R/r 


=     D/n 

D 

=     nd 

=      nr 

r 

=     R/n 

Z     'nt 

Fr 

=     nf. 

I 

=     L/n 

n     =      

Sharpness     =     approx d 

Radius     =      R 

Curr  resistance     =     approx. .         f« 
Cory  length,  in  100-ft  cbains.         L 

Sweep     =      \.^  =  Ldz=nl  D/n  =  I  D 

48.  Bnerflry*  Then,  for  the  energy,  Er,  expended  (  =  work  done) 
In  balancing  curv  resistance  alone,  thru  either  of  these  two  curvs 
of  equal  sweep,  A.  we  have : — 

Ee  =  Fcl  =  nfcL/n  =   f.L. 
In  other  words,  the  curvature  work  la  the  same  in  both  cases;  and, 
plainly,  if  either  of  these  curvs  were  shortond  or   lengthend,   its 
sweep.  A,  and  the  curvature  work  required,  would  be  proportion- 
ately affected.  igitizedby\jOOglC 
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49.  IVork     proportional     to     sweep.      Hence,     aseumlng     (as 

above)  Fo  =  nfe,  we  find  that  the  work,  due  to  curvature  aJone, 
OD  any  curv,  is  propoi*tional  to  its  sweep,  A»  &n<3  is  ijidepeodent  of 
its  sharpness,  D,  or  radius,  R. 

50.  But*  comparing:  the  tyvo  lines*  AMD  and  A  m  B  ot  equal 
sweep,  (the  latter  including  the  tangents,  A  a'  and  &'B),  we  have: 
length  AtnB  >  length  AMB;  and  hence  non-curvature  work  <m 
AmB  >  that  on  AMB;  and,  as  we  have  seen  ( H  49 ) ,  the  curva- 
ture work  is  equal  on  the  two  lines  of  equal  sweep.  A-  Hence. 
total  work  on  A  tn  B  (  =r  noncurv  work  on  AmB  -f  curv  work  on 
a'  mh')   >  total  work  on  A  M  B. 

Grade  Contpensatlon  for  Carvatnre. 

Bl.  On  account  of  the  added  resistance,  due  to  curvature.  It  is 
customary  (where  practicable)  to  reduce  or  flatten  up-grades  upon 
which  curvature  occurs,  in  order  that  their  total  resistance  (grade 
+  curv)  shall  not  exceed  that  of  a  tangent  on  the  original  grade. 

52.  The    compensation    rate    (srade-redaetion   rate)    is    the 

grade  reduction  for  each  degree  of  sharpness,  D.  Thus,  "0.04" 
means  a  grade  reduction  of  0.04  per  cent  of  grade  for  each  degree 
of  sharpness,  D;  so  that,  for  a  5*  curv,  with  0.04  compensatioa, 
on  a  grade  of  0.7  per  cent,  we  should  have : — 

compensated  or  reduced  grade 

=  0.7%    -    (0.04  X  5)% 
=  0.7%    -  0.2%    =  0.5% 

63.  IjlntitlnR  srrades  (see  p  1084,  ^  11)  should  always  be  com- 
pensated, if  possible;  since  the  limiting  grade,  on  a  tangent, 
offers  the  maximum  resistance  which  the  standard  locomotiv  is 
expected  to  overcome;  and  any  added  resistance  (as  from  curva- 
ture) would  therefore  endanger  the  stalling  of  each  train. 

54.  Non-llmitlngr  srrades  (see  p  1084,  ITU  12-14)  need  not  be  com- 
pensated beyond  an  extent  which  renders  the  compensated  g^rade 
equivalent  to  the  limiting  grade.  In  many  cases,  this  will  require 
no  compensation  on  non-limiting  grades ;  but,  on  any  non-compen- 
sated grade,  the  presence  of  the  curv  invoivs  a  cost  increase,  doe 
either  to  speed  reduction  or  to  increase  of  fuel  expenditure.  Com- 
pensation is  therefore  always  desirable,  even  where  not  actually- 
necessary. 

55.  Compensation,  carried  to  such  an  extent  that  it  results  in  a 
doirn-grade.  is  unfavorable  to  traffic  in  the  opposlt  direction,  but 
this  consideration  is  not  necessarily  prohibitory.  Thus,  the  return 
traffic  may  be  light,  as  where  coal  or  ore  cars  return  empty. 

Practice. 

56.  Rate.  Some  authorities  consider  a  compensation  rate  of  O.iin 
per  cent,  per  degree  of  sharpness,  excessiv,  while  others  consider 
0.04  insufficient.  The  mean  of  these,  =  0.035,  is  quite  generally 
accepted  as  a  fair  average,  with  modifications,  as  noted  below,  for 
special  conditions. 

57.  Differences  In  track  condition.  Including  tightness  of  g^ase. 
and  superelevation,  apparently  account  for  much  of  the  diff  in 
practice. 

58.  Higrher  rate.  Factors  tending  to  increase  the  rate  of  com- 
pensation are: — the  predominance  of  heavy,  low-speed  frelglit 
trains ;  the  probability  of  trains  being  required  to  slow  down  or 
even  to  stop  and  stand  for  some  time  on  the  curv;  the  existenc«» 
of  a  stopping  place  immediately  before  a  curv,  in  which  case  com- 
pensation as  high  as  0.10  per  cent  of  grade  per  degree  of  sharp- 
ness  has   been   recommended    (Webb)  ;    probable   dampness  in    tun- 
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58.  Iio^irer  rate.  On  the  other  hand,  lower  rates  of  compensa- 
tion may  be  used  where  high-speed  passenger  trains  predominate ; 
and  where  there  is  a  regular  stopping  place  immediately  heyond 
the  curv,  in  which  case  the  curv  resistce  may  be  utilized,  along 
with  the  full  grade,  to  assist  in  stopping  the  train. 

6fk  Changrc  of  Rate.  Some  authorities  suggest  that  the  com- 
pensation rate  should  diminish  as  the  sharpness  Increases ;  while 
others  hold  that  the  compensation  rate  should  be  proportional  to 
the  sharpness. 

Maximum  Sharpness 

61.  Theoretically*  the  max  permissible  sharpness  Is  that  which, 
at  max  permitted  speed,  requires  the  max  permitted  superelevation. 

62.  In  Fig:  fi,  the  eight  lower  diagrams  show  the  max  permissible 
sharpnesses  for  diff  speeds,  and  for  superelevations  of  from  1  to  8 
inches,  on  standard  gage  =:  4  ft,  8.5  ins,  according  to  equation 
118,  Curvs,  Superolovatlon,  p  0C4,  H  176;  E,  Ins,  =  F»Z>/1458.6, 
whence  D  =  1458.6  E/V^.  The  upper  diagram  givs  the  sharp- 
nesses required  by  Mr.  A.  M.  Wellington's  proposed  rule  (Ry  Loca- 
tion, p  270 ;  Am  Ry  Eng  &  M  W  Assn,  Procs,  1010,  Vol  II,  Part  I, 
p681.)    Centrif  force  >  Weight/4. 


i 


33         40  J5         M 

V"  Speed,  Miles  per  hour 

Fig:.  5. 


63.  Practically,  max  sharpness  Is  govemd  also  by  the  character 
of  the  country  and  by  the  traffic.  Camp  ("Track,"  p  257)  men- 
tions the  following  as  indicating  current  practice  for  standard- 
gage  main-track  service : — 

D  R,ft 

>      4*      <   1433      considered  sharp: 

10"  574  *'  very  sharp ; 

15*  383.1  practical  limit  for  full  speed; 

20*  287.9  used,  on  compulsion,  with  speed  reduction ; 

22*  262.0  used,  on  compulsion,  with  speed  reduction. 

We  add 

12"  478.3  standard  max  sharpness    (with  spirals)    Alaska 

Centl   Ry,   1900; 
14 •  410.3  standard   max   sharpness    (with  spirals)    N  Pac 

Ry,  1903. 
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CurvB  as  sharp  as  67*   (00  ft  radius)  have  been  ased  on  the  ele- 
vated railways  of  New  York  City. 
04.  For  sldlnurs,  the  following  sharpnesses  are  in  use: — 

D     R,ft 

17*     338  where  large  road  locos  must  place  cars  on  sidings; 
29*     200  for  coupled  furniture  cars; 
89*     150  for  coupled  coal  cars  and  for  box  cars  pusht  by  4- wheel 

or  6-wheei  shifting  locos; 
95*       80  for  cars  drawn  by  horses  or  by  short  shifting  locos  on 

warehouse  sidings,  etc,  with  very  low  speeds. 

65.  Gard  rails  are  commonly  used  with  curvs  of  16*  sharpness 
(R     =     359.3  ft)  and  sharper. 

Mlniiiiaaa  Sharpness*  ete 

66.  It  is  sometimes  specified  that  sharpness  shall  not  ordinarily 
be  leaa  than  1*  {R  =  5730  ft)  except  where  sweep,  A,  <  3*: 
that  curr  lenirth  shall  be  <  300  ft;  and  that  a  tam^ent*  <  50O 
ft  long,  shall  be  used  betw  two  curvs  in  the  aame  direction,  and  a 
tangent, <  600ft  long;  betw  two  curvs  in  opp  directions. 

See  also  Gard  rails,  K  65 ;  Gage  on  curvs,  p  811 ;  Superelevation. 
p963. 
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TRAIN  OPERATION  COST 

GESNEIRAIi 

1.  The  desisrii  and  construction  of  a  ratlroad  and  of  Its  rolling 
stock  (like  its  profitableness)  depend  largely  (1)  upon  the  amount 
and  character  of  the  traffic  to  be  expected*  (2)  upon  the  resulting 
revenue,  (3)  upon  the  funds  available  for  construction,  and  (4) 
upon  the  expenses  (fixt  charges  plus  operation  cost).  The  first 
three  items  are  usually  estimated  by  the  promoters ;  but  the  esti- 
mation of  the  construction  and  operation  costs  devolvs  largely  upon 
the  engineer. 

2.  The  comvtraetlon  and  operation  eoutu  depend  largely  upon 

(1)  the  topography, 

(2)  the  availability  of  the  necessary  supplies  of  material  and  labor, 

(3)  the  character  and  amount  of  the  expected  traffic, 

(4)  the  character  and  amount  of  the  proposed  rolling  stock,  (motiv 
power  and  cars), 

(5)  the  amount  of  money  available  for  construction. 

3.  The  Problem.  Informed  as  to  these  features,  the  engineer  Is 
concemd  chiefly  with  fitting,  to  the  topography  of  the  country,  that 
line  which  best  meets  the  requirements,  the  final  criterion  (from 
the  Investors'  standpoint)  being  the  rate  of  return  upon  the  money 
invested. 

4.  The  eomparlson  between  two  proposed  lines,  A  and  B, 
may  be  based  either  (1)  upon  their  respectlv  construction  costs, 
plus  the  capitalized  values  of  their  respectlv  operation  costs ;  or 
(2)  upon  their  respectlv  operation  costs,  plus  the  annual  values  of 
their  respectlv  construction  costs.  Thus,  we  may  suppose  a  case 
where  the  costs  per  mile  of  the  two  lines,  A  and  B,  compare  as 
follows: — (capitailiation  at  6%) 

(1)   Capitalized  (2)  Annual 

A,     I            B,     $  A,     $         B,     % 

Construction               25,000           20,000  1,600         1.200 

Operation                   100,000         125.000  6,000         7,500 

Total  125,000         145,000  7,500         8,700 

In  this  supposed  case,  for  a  given  revenue,  line  A  is  preferable, 
notwithstanding  its  greater  construction  cost  For  Railway  Con- 
struction Cost  Estimates,  see  p  1094. 

traiiv-mile:,  and  train-mil.^  cost 

5.  The  train-mile,  "t-m".  When  a  train  (of  any  length, 
weight  and  character)  is  run  (under  any  conditions)  thru  one 
mile,  the  result  is  a  train-mile   (t-m). 

6.  Traln-mlle  coat,  nt.  For  any  given  series  of  operations  (as 
for  the  operations  of  any  one  line  for  a  day,  or  for  all  the  rail- 
road operations  of  a  country  for  a  year)  the  average  t-m  cost  is 

total  operation  cost 


i 


number  of  t-ms  run 


Similarly,  the  t-m  cost,  due  to  any  given  item  or  items  of  opera- 
tion, is 

operation  cost  due  to  said  Item  or  items 


number  of  t-ms  run 
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/  7.  ATeraKe  T-m  Cost  In  U.  8.  From  tbe  24th  Annual  Report 
of  tbe  Interstate  Commerce  Commission,  see  Table  1.  below,  we 
bave,  as  the  a 7  total  t-m  cost,  for  tbe  tbree  classes  of  lines  consld- 
erd,  for  1911 ; — 


Class 


Gross 

annual 

operation 

cost 


B  =  total 

annual 
operation 

cost 

( Statement 

41) 


T  =  total 
annual 

train-miles 
run 

(Statement 
86.P49) 


=  E/T 
=  t-m 

COBt 


I 

II 
III 


<  $1,000,000 

<  $1,000,000 


100,000 
100.000 


Totals  and  average 


$1,844,065,958 
$  57.092.361 
$  13,472,094 
$1.914,630,4 13       1,237,500.138       $1,547 


1,185.632.129        $1,553 

42,315.853       $1,349 

9,552.156       $1,410 


Tbe  I.  C.  C.  reports  for  1890-9  gave  values  of  m  ranging  only 
from  $0,018  to  $0.984 ;  avge  $0,952. 

In  our  subsequent  discussions,  we  assume  m     =     $1.50. 

8.  Departures.  Tbe  train-mile  (t-m)  cost,  fit.  varies  widely, 
not  only  (from  time  to  time),  with  fluctuation  of  unit  costs,  but 
(at  a  given  time),  as  betw  diff  lines.  See  %  7.  Nevertbeless,  wltb 
given  unit  costs,  the  t-m  cost,  on  a  given  line,  is  practically 
constant,  because  tbe  work,  required  to  move  a  train  over  tbe 
line,  is  fixt.  within  narrow  limits,  by  tbe  fact  that  economy  for- 
bids the  use  of  less  than  tbe  max  practical  train-load,  and  this 
is  determined  by  tbe  character  of  tbe  line.  See  H  10. 
Traln-mllc-cost  dlstrlbntlon. 

0.  Table  1  gives  tbe  percentages  of  the  t-m  cost  assignable  to 
tbe  diff  Items  making  up  that  cost,  as  determined  by  the  Interstate 
Commerce  Commission.  Estimates  of  these  percentages  rary 
widely ;  but  tbe  percentages,  given  in  Table  1.  renresent  tbe  ar 
of  American  practice,  and  thus  form  a  useful  gide,  subject  to 
modification  in  cases  where  special  conditions  cause  notable  de- 
partures from  normal  conditions. 

Operation  Cost 
Table  1 

Deduced  from  the  24th  Annual  Report  of  the  Interstate  Com- 
merce Commission  (for  tbe  year  ended  June  30,  1911)  on  tbe 
Statistics  of  Railways  in  the  united  States;  Issued  by  tbe  Goyem 
ment  Printing  Oflace.  Washington,  1913. 


Railroads   of 


Miles  of  line 
Miles  of  track  ..  . 


Analysis  of  Operat 


on  Expenses 


Class 
!• 
215,146 
328.800 


aass 

1I» 

19.120 

22,989 


Class 

III* 

9.167 

11,036 


Maintenance  of  Way  ft  Structures 

Superintendence     

Roadway  and  track 

Ballast     

Ties    

Rails     

Other  track  material    • 

Roadway  and  trackf 


a,  = 
%  of  m 


0.963     0.963 

0.423 
2.992 
0.897 
1.021 
7.240  12.578 


a,  =: 
%  of  w 


%  of  m 


1.218 


17.801 


1.508 


22.406 


(Table  Concluded  on  next  page.) 


•See  II  7,  at>ove. 

tSee  •  foot-note,  p  108a. 
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(Table  Concluded  from  preceding  page.) 


Track  structures 

Tunnels,  bridges,  etc    

Crossings,  signs,  fences,  etc . . 

Buildings,  docks  &  wharvs  .... 
Miscellaneous      ............... 

Class 

I 

II 

III 

a,  = 

%of 

m 

a,  = 

%  of  m 

a,  = 

%  of  m 

1.682 
0.369 
0.759 

1.943 

0.583 

2.810 
1.943 
0.583 

3.373 
1.679 
0.660 

3.823 
0.920 
0.804 

Total,   MW   &  Structures.. 

Maintenance  of  Equipment 
Superintendence 

0.661 

8.058 
9.178 
0.050 
0.223 
0.859 
0.806 
2.702 

18.872 

24.731 

28.961 

22.537 

0.865 

6.386 
6.381 
0.024 
0.210 
0.304 
0.798 
3.751 

0.722 

5.836 
4.720 
0.008 
0.136 
0.538 
0.463 
3.109 

Repairs 

to  locomotivs 

to   cars    

to  floating  equipment   

to  work  equipment   

Renewals  to  equipment   

Miscellaneous    

Depreciation  of  equipment 

Total,   Malnt  of  Equipment 

Traffic  (Agencies,  advertising,  etc) 

Transportation 

Superintendence  &  despatchg   . . 
Station  employees 

3.116 

2.183 
7.062 

2.8G9 
1618 
1601 
3085 

10.454 

6.256 
2969 

6.642 
1.782 
0.509 
0.416 

4.307 
8.723 

22.537 

18.714 

15.532 

3.116 
9.245 

9.173 
10.454 

9.225 

9.848 
4.307 

2.540 

1.882 

9.373 

5.461 
11.935 

0.094 

7.749 
3.998 

8.248 

1.962 
12.240 

9.720 

7.818 
3.441 

Yard  conductors  &  brakemen... 
Yard   euglnmen    

Yard  loco,   fuel    

Yard  &  station  operation  mlscel 

Road  loco,  fuel 

Road   ensrinmen 

Road  loco,  other  expenses 

Road    trainmen    

Train  supplies  &  expenses 

Opn  of  interlockers  &  signals.. 
Train  &  signal  mlscel    

Miscellaneous    

Total  Transportation    

General      (Administration,      insur- 
ance, etc) 

51.752 

47.610 

43.429 

3.723 

6.405 

10.196 

Total    

100.000 

100.000 

100.000 

( 


^Applying  ballast,  ties,  rails  and  other  track  material ;  track 
maintenance;  care  of  roadbed;  general  cleaning;  patrolling  and 
watching;  changing  allnement  and  grades;  bank  protection;  fill- 
ing; train  service,  etc.  Digitized  by  L^OOgle 
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COMPARISON  OF  lillHSS 
IJmitlng  and  Non-filmltlBg  Faeton 


la  In  comparing  alternative  lines,  the  Ucton  to  be  considenL 
aa  chiefly  affecting  operaUon  coats,  are  difff  in  grade,  in  curvatmrr 
and  in  lenffth.  Taken  collectlvly,  and  considerd  with  regard  to 
"  "  l)on  operation  cost,  erades  and  cnrvs  fall  into  two 
which  must  be  careially  diatinguiaht,  vis. — ^Umlting 
ig,  or  rnUng  and  non-ruling,  or  *'maJor"  and  "minor' 


their  effect  upon  operation  cost, 
main  classes,  wt'  '  '   * 

and  non-limiting, 
grades  and  curva. 

11.  Tli«  mUnff  •>  llmltlBs  srade  •r  tnrw,  or  limiting  com- 
bination of  grade  and  curvature,  on  a  given  loco  division,  te  that 
which  affects  operation  cost  by  limiting  the  length  and  «oe^M  of 
train  which,  under  normal  working  conditions  and  without  "mo- 
mentum'*, one  standard  loco  can  take  over  the  division,  and  bj  thua 
limiting  the  minimum  number  of  trains  (and  thus  the  minimam 
work)  required  for  a  given  traffic. 

12.  Total  IV^rk.  With  ^ven  motiv  power,  the  mamtmum  traim- 
freight,  which  can  be  hauld  over  a  given  line  (while  practically 
independent  of  the  length  of  the  line)  is  thus  determind  by  8om« 
limiting  or  controlling  (or  "major**)  condition  of  grade  or  of  curr- 
nture,  or  of  both  combined;  but  the  total  work  required,  to  haul 
this  max  train-wt  over  the  line,  may  be  affected  by  non-limiting 
or  "minor**  conditions  as  to  length,  as  well  as  by  those  of  grade 
and  curvature. 

13.  ThiM,  suppose  that,  with  a  given  locomotiv,  a  long  12*  cnrr 
(unavoidable  on  each  of  two  altemativ  lines,  A  and  B)  renders 
600  tons  the  max  train-wt  which  can  be  hauled  over  either  line. 
Then  that  curv  is  a  limiting  or  "major**  factor.  But,  if  line  B 
has  also  one  or  more  4*  curvs,  or  short  grades,  which  are  abaent 
from  line  A.  or  If  line  B  is  longer  than  line  A  (the  two  lines  being 
otherwise  similar),  then  line  B  requires  more  work  than  does  line 
A  to  haul  the  given  500-ton  train  over  the  road;  and  this  excess 
of  work  givs  line  B  the  higher  operation  cost 

14.  We  thus  have: — 

Affecting  Not  afleettng 

Grades  and  curvs 

Limiting    max    train-weight  work  on  max  train 

Non-limiting   work  on  max  train  max    train-weight 

Length  differences • «  «        "S 

Pusher  grades «  «         .«  «.         «  «• 


FIff.  1. 

15.  Steepest  ts  LlnUtlns  Grade.  The  limiting  grade  is  not 
necessarily  the  steepest  grade  on  the  division.     Thus: — 

(1)  A  short  grade,  steeper  than  the  ruling  grade,  may  be  sur- 
mounted by  the  standard  train  and  loco,  by  means  of  "momentum** 
(See  H  40,  p  1076). 

(2)  Fig  1.  Where,  for  instance,  loaded  cars  move  from  if  to  7*^ 
while  they  return  empty  from  T  to  if,  the  lighter  and  shorter 
grade,  P  8,  opposed  to  the  heavier  traffic,  may  be  the  rollng  or 
limiting  grade. 

(8)  The  limiting  condition  may  be  a  combination  of  moderaba 
grade  with  heavy  curvature.  igitizedbyXjOOg. 
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le.  Sharpest  ▼•  I«lmltlngr  Curr.  Blmllarly,  the  limiting  curv, 
on  a  division,  may  be  a  long  and  comparativly  easy  one.  Again ; 
the  limiting  effect  of  a  given  curv  may  be  eliminated  by  grade 
reduction.    See  p  1078,  fl  51,  etc. 

For  analysis  of  effect  of  limiting  grades  and  curvs  upon  oper«i- 
tlon  cost  see  fV  19  to  24. 

17.  Nen-llmltliiff  f  acton  are : — 
CI)  Lengtb-differences ; 
(2)  Pusher  grades; 

t  grades 
(cnnrs 


(8)  Non-Umltlng  || 


Compatatloa 
Mctkod  of  Procedure 

18.  In  comparing  the  operation  costs  of  two  lines,  as  affected  by 
limiting  or  non-limiting  dlffs  in  grades,  in  curvature  or  in  length, 
we  determln  or  estimate  (compare  Table  2)  : 

1.  The  normal  train-mile   ("t-m")   cost  of  each  operation  item; 

2.  The  percentage,  a,  which  each  of  these  item  costs  forms  of 
the  total  t-m  cost,  m  (see  Tables  1  and  2)  ; 

3.  The  extent  (percentage.  6.  of  a)  to  which  the  cost  of  each 
Item  is  affected  by  the  grade-oiff,  curvatnre-diff,  or  length-dlfl  in 
question ; 

4.  The  resulting  change  (a'  =  ha,  percentage  of  m)  in  the  per- 
centage value,  a,  of  each  item,  due  to  the  dlff  in  question ; 

5.  The  sum.  A',  of  the  values  of  a',  obtalnd  under  *'4" ;  I.  e., 
the  total  t-m  cost  of  the  dlff  in  question,  exprest  as  a  percentage 
of  the  total  normal  t-m  cost,  m; 

6.  m'  =  A*  m  =  the  t-m  cost  of  the  dlff  in  question,  ex- 
prest in  dollars; 

7.  Cm     =     the  annual  cost  of  the  dlff  in  question ;  «  ^o 

8.  r.     =     the  capitalized  value  of  the  diff  in  question.       •'  *"*■ 

Shcample  of  Method 

Construction  of  first  column  (**Add'l  train*')  of  Table  2. 
UmltlBff  Factor*. 

19.  Bxanple.     Under  Malnt  of  Way  &  Structrs,  let 

t      =  normal  number  of  daily         t*      =  number    of    add'l    daily 

round  trips  ;  round  trips ; 

m«  =  supt  t-m  cost  of  normal        m»'  =  supt   t-m   cost   of   add*l 

trips,  i:  trips,  «'; 

a«    =  lOOffit/m  a,'    =  100  m//m 

=  m#  as  percentage  of  m;  =  m.'  as  percentage  of  m; 

8     =  normal   total   daily   supt        •      =  increase    in    S,    due    to 

cost ;  add*l  train  ; 

L     —     line  length,  in  miles. 

Let  it  be  supposed  that,  with  a  given  allnement  and  profile,  10 

round  trips  per  day  (t  =  10)  are  required  to  handle  a  given  traffic, 

and  that  a  proposed  increase  of  grade  or  curvature,  or  both,  due  to 

a  proposed  change  of  line,  would  so  reduce  the  max  traln-wt  as  to 

require  11,  instead  of  10,  daily  round  trips  for  the  same  traffic. 

Then 

t'  =  11  —  10  =  1 ;     and  t'/t  =  1/10. 

20.  To  Hud  b.  Let  it  be  found  or  assumed  that  this  increase  of 
1/10.  in  t.  increases  the  total  superintendence  cost,  B,  (first  item  of 
Table  2)  by  only  1/100  or  1%. 

Then 

»         Lt'  m»'  V       m«'  1 

_  =  r=  —  X =  ;       and,   (K  18,  4) 

a  Lim,  t         m,  100 

a,'  m,'  8         t  1         10         1 

5,  —  =  =  — X—  =  X—  =   -   =  10%  ; 

a.  m.  B        V  100        1         10 
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or,  in  tbls  example,  the  t-m  cost,  fn»\  of  supt,  for  the  additional 
train,  is  10%  of  the  normal  supt  t-m  cost,  m«. 

21.  ESffect  on  the  other  cost  Items.  Then,  averaging  values 
of  a  for  the  three  classes  of  road  in  Table  1,  H  9,  using  round  fig- 
ures for  convenience,  and  applying  assumed  percentages,  b  (subject, 
of  course,  to  wide  variations  under  dlff  conditions),  to  the  remain- 
ing items  of  operation  cost,  we  obtain  (merely  bv  way  of  Illustra- 
tion of  the  method),  the  remaining  values  of  a'^  (  =  ha)  given 
under  **Add'l  train"  in  Table  2. 

22.  SammlnfiT  these  values  of  a^  we  obtain  A\  =  43.8.  as 
the  t-m  cost  of  the  add'l  train,  exprest  as  a  percentage  of  the  total 
normal  t-m  «ost,  m.     Then 

m'     =     A'  m. 
Where  m     =     the  total  normal  t-m  cost,  here  assumed  at  $1.50. 

23.  In  this  case,  therefore,  we  have,  as  the  t-m  cost  of  the 
additional  train  required  by  the  limiting  factors, 

m'     =     A'm     =     0.438    X    $150     =     $0,657. 

24.  To  m',  thus  found,  should  be  added  a  small  amount  (say 
from  1  to  1.5  cents)  to  cover  Interest  on  cost  of  each  additional 
loco  and  tender  required. 

Other  (non-llmltlns)  factors. 

25.  In  its  remaining  columns.  Table  2  glvs  similar  analyses  for 
the  remaining  (non-llmlting)  operation-cost  factors:  viz. — length, 
pusher  grades,  rise-and-fall,  and  curvature.    See  below. 

20.  Lenffth-dlfTerence.  With  a  given  max  train-weight  (de- 
termind  by  the  limiting  grade  or  curvature  op  both),  a  length- 
increase  Increases  operation  cost  by  entailing  additional  work  on 
each  train,  viz. — the  work  of  hauling  the  max  traln-wt  over  the 
additional  length. 

27.  CHreat  and  small  length-differences.  On  any  length-dlff  (great 
or  small),  roadway  and  track  maint  cost  per  t-m  will  approx  equal 
the  normal  cost  of  that  Item;  but  train-wages  cost  per  t-m  (which, 
on  a  great  length-diff,  mav  also  equal  the  normal),  are  negligible  on 
small  length-diff s.  The  effect  of  this  upon  the  estimate  may  be  illus- 
trated by  a  supposed  case,  as  follows;  in  which,  assuming  (for 
convenience)  that  roadway  and  track  maint  amounts  normally  to 
15%,  and  train  wages  to  13%  (compare  Table  1)  of  the  total  oper- 
ation cost,  we  assume  probable  values  of  b.  find  the  resulting  values 
of  a',  and  thus  compare  the  effects  of  great  and  of  small  length-dlfTs 
as  affecting  the  sum  of  the  costs  of  these  two  Items  alone. 


Normal. 

On 

entire 

line 

On  a  great 
length-dlff 

On  a  small 
length-dlff 

a 
%otm 

h 
%ota 

a' 
%ofm 

b 
%ota 

a' 
%  ofm 

Roadway  &  track  maint. 
Train  wages   

15 
13 

28 

100 
100 

15 
13 

28 

100 
0 

15 

0 

15 

%  of  total  t-m  cost,  m, 
for  these  2  items  only. 

28.    Length  dlffs  are  sometimes  claaaified  as  follows: — 


Train  wages 
Number  of  stations 
or  of  sidings 


Length-difference  CHass 


A 


Not  affected 
Net  affected 


I     Affected 
I  Not  affectedl 


Affected 
Affected 


-.The  effects  of  length-dlffs  upon  operation  cost  are  indicated  In 
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29.  Elfeot  of  lengtlt-difference  upon  revenue.  Of  two  competing 
road8,  betw  two  given  points,  either  will  lose  thru  business  if  it 
charges  higher  thru  rates  than  the  other.  Hence,  under  compe- 
tition, the  rates,  on  both  lines,  betw  two  given  points,  are  usually 
(other  things  equal)  those  proper  to  the  shorter  line,  and  short- 
ness is  therefore  an  important  advantage;  since  th«  shorter  line 
has  the  less  operation  cost. 

SO.  But,  in  the  absence  of  competition,  freight  and  passenger 
rates  are  usually  based  upon  the  distance  traveld ;  and  the  revenue 
of  a  line,  betw  two  given  points,  is  therefore  practically  propor- 
tional to  length  of  line ;  whereas  total  operation  cost  usually 
Increases  less  rapidly  than  does  length  of  line.  Hence,  in  the  ab- 
sence of  competition,  the  longer  line  is  in  general  the  more  remun- 
erativ. 

31.  A  pusher  srad«  is  a  grade  so  steep,  and  so  long,  as  to  re- 
quire regularly  two  locos  or  three  locos  (instead  of  one)  for  each 
train  ascending  it.  Hence,  where  the  pusher  loco6  are  of  equal 
power  with  the  road  locos,  the  pusher  grade  is  usually  made  about 
twice,  or  about  three  times,  as  steep  as  the  limiting  grade  on  the 
division,  according  to  whether  each  ascending  train  requires  two 
locos  or  three  locos. 

82.  Theoretically,  therefore,  the  first  loco  supplies,  and  each 
pusher  supplies,  only  the  power  necessary  to  haul  the  max  train  up 
the  limiting  grade ;  and  the  work,  required  of  each  pusher  outfit,  is 
theoretically  only  that  of  hauling  the  max  train  up  an  additional 
stretch  (  =  pusher-grade  length)  of  the  limiting  grade. 

For  analysis  of  operation  cost  of  pusher  grades,   see  Table  2. 

88.  See  Table  2.     Pusher  grades  affect  chiefly  the  items  of 
Roadway  and  track  maintenance. 
Repairs  and  renewals  of  locos,  cars,  etc. 
Loco  fuel  and  expenses. 

34.  The  annual  operation  cost  of  a  pusher  loco  and  tender  ranges 
ordinarily  between  $7,500  and  $18,000,  with  $10,000  to  $15,000  as 
more  probable  limits. 

35.  A  Bon-Umitiniir  or  minor  srade  is  either  less  steep  than 
the  limiting  grad«  (p  1084,  K  11),  or  so  short  that  it  can  be  sur- 
mounted, by  ''Momentum"  (p  1076,  U  40),  by  one  standard  loco 
drawing  the  max  train.  It  therefore  affects  operation  cost  by 
requiring  additional  work  to  lift  the  max  train.  Problems  relating 
to  non-limiting  grades  are  usually  called   "rise-and-fall"  nroblems. 

A  comparison  of  the  definitions  of  Se,  hd,  he  and  Lt,  H  30  and 
43,  will  show  that  the  additional  work,  entalld  by  a  minor  grade, 
is  equated  with  that  of  hauling  the  max  train  over  an  additional 
stretch  of  level  track,  whose  length  is  such  that  the  work  of  this 
level  hauling,  over  it,  is  equal  to  that  of  lifting  the  train  weight 
thru  the  vertical  height  of  the  grade. 

For  analysis  of  non-limiting  grade  problems,  see  p  1088,  t[  S9. 

36.  Slmllarlyy  a  non-llmltlnfir  or  minor  curv  Is  either  less 
sharp  than  the  limiting  curv,  or  so  short  that  one  standard  loco 
can  traverse  it  with  the  max  train.  It  afFects  operation  cost  by 
adding  to  the  resistance  which  the  loco,  drawing  the  max  train, 
must  overcome.  It  thus  increases  the  work  required  in  moving 
the  max  train  over  the  line. 

A  comparison  of  the  definitions  of  De,  Aa,  A«  and  Lo,  ITU  39  and 
43,  will  show  that  the  additional  work,  entaild  by  a  curv,  is  equated 
with  that  of  hauling  the  max  train  over  an  additional  stretch  of 
straight  track,  whose  length  is  such  that  the  work  of  this  hauling, 
over  it,  is  equal  to  that  due  to  the  curvature. 

For  analysis  of  minor  curv  problems,  see  IT  39. 

37.  Classification  of  non-limltlngr  grades.  Fig  2,  p  1091.  Ac- 
cording to  the  behavior  of  descending  trains,  non-limiting  grades  are 
classifled  as  in  the  tabulation  on  p  1088,  illustrated  bv  Fig  2,  p  1091. 
Compare  J.  B.  Berry,  Am  Ry  Eng  &  H  W  Assn,  Bulletin  49,  March 
1904,  p  21 ;  and  A.  M.  WeUington,  B.  B.  Location,  pp  330  and  374, 
and  Table  122,  pp  372-3. 
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Grade  Class.     See  Fig  2,  p  1091. 

A 

B 

C 

Drop 

>   SO  ft 

>  30  ft;  but 

>  drop  indicated 

by  solid  curv 

>  drop 
indicated 
by  solid 
curr 

Remarks 

EMTect  negligible 

Will  not  overtax 
up-bound  locos 

Up-bound  locos 
must  use  sand 

Ordinarily  an 

initial  speed  of  10  m/h  will  not  reach  30  m/h  tf 

1               A                1               B 

C 

Steam  is 

on               1              off 

off 

Brakes  are 

releast                     releast 

1      applied 

38.  On  a  0.6%  grade,  the  longitudinal  gravity  effect  about  equals 
the  train  resistance  at  32  mi/hr.  Hence,  without  steam  and  with- 
out brakes,  that  speed  will  not  ordinarily  be  exceeded,  on  such  a 
grade  or  on  lighter  grades,  however  long  the  grade,  or  however  great 
the  drop. 

39.  Effect  of  non-Hmitlng  abrades  and  eorrs  apoa  •pcra 
tlon  cost* 

Let 


s«  =  that  grade,  in  ft  per  100  ft* 


that  curv  sharpnesa,  in 
degrees  of  sweep  per  100- 
ft  chalnH 


which  produces  an  additional  resistance,  due  to 


grade  alone 


curvature  alone 


equal  to  the  normal  resistance,  /n  (see  p  1057)  on  a  level  tangent. 

Then,  for  the  work  done  on  a  given  train,  in  balancing  this  addi- 
tional resistance  alone,  we  have 


on  a  mile  (5280  ft)  of  %•  grade, 

work  =  a  train-lift  of  52.8  ««  ft, 

on  any  grade;* 


on  a  mile  (5280  ft)  of  D***  eorv, 
work  =  that  of  balancing  curr 
resist  alone,  thru 
52.8i>«*of  sweep,  i 
of  any  sharpness. 


and  this  is  equal  also  to  the  work  of  balancing  the  normal  resis- 
tance, fn,  thru  a  mile  of  level  tangent  But  the  co»t  of  the  work, 
required  for 


a  train-lift  of  52.8  s«  feet 


balancing  curv  resistance  alone 
thru  52.8  D***  of  sweep 


is  much  leBs  than  the  normal  cost,  m  (say  $1.50;  see  1  7),  of  a 
train-mile  on  a  level  tangent;  because    (continued  on  p  1089) 


*««  is  commonly  taken  at  0.5% 
=  26.4  ft  per  mile;  or 
52.8  ««  =  26.4  ft  lift, 
t lusted  of  60%  and  65%,  Mr. 
Berry  (Am  Ry  Bng  &  M  W 
Assn,  Bulletin  49,  March  1904, 
p22)  takes  25%  and  45%  re- 
spectivly.  The  diff  shows  how 
largely  such  estimates  depend 
upon  individual  Judgment 


112>c  is  commonly  taken  at  10* ; 

or  52.8  D**  =  628*  of  sweep. 

SLet  tx  =  curv  resistce  on  a  1* 

curv. 

Then  D«  =  fn/fx- 

fn  is  usually  assumed  to  range 

from   5  to  10  lbs,  and   U  from 

0.5   to   1.5  lb,  per  ton  of  2000 

lbs. 
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(1)  the  expenditure  of  energy, 
in  the  work  of  trtdn-Hft,  H  of- 
ten compensated  (at  least  in 
part)  by  a  gain  of  energy  on 
the  corresponding  fall;  and 


(2)   the  normal  train-mile  cost, 
directly  affected  by  train-lift  or 


m,  includes  items  which  are  not 
by  curvature.     Thus: — 


Except  for  the  item  of  fuel, 
the  effect  of  train-lift  upon 
operation  cost  Is  practically 
negligible.  Of  the  total  loco 
fuel  cost  (  =  say  10%  of  the 
total  normal  t-m  cost,  m;  see 
Table  1),  a  large  proportion, 
averaging  say  45%,  is  due  to 
Ices  in  firing,  in  standing,  stop- 
ping and  starting,  and  in  over- 
coming curv  and  grade  resistce, 
leaving  only  55%  as  the  cost 
of  hauling  on  a  level  tan,  which 
work,  in  a  mile,  is  equal  to 
that  reqd  for  52.8  s«  ft  of  train- 
lift.  To  this  55%  Prof.  Webb 
adds,  for  Classes  B  and  C  (see 
V  37)  5%  for  fuel  on  down 
grades ;  and,  for  Class  C,  an- 
other 5%  for  loss  thru  braking; 
making  the  average  total,  b  = 
60%  for  Cnass  B,  and  &  =  65% 
for  Class  C*  Class  A  grades 
are  neglected  as  not  materially 
affecting  operation  cost. 

We  have,  therefore,  for  all 
Items,  (making  crude  assump- 
tions for  expenses  other  than 
loco  fuel)  ;  (see  Table  2) 


Curvature  affects  chiefly  the 
items  of  roadway  and  track 
maintenance,    loco    and    car    re- 


pairs,  and  loco  fuel. 

We  assume,   (see  Table  2) 

a,       h. 

Roadway  & 

track  maint..     16       75 

Repairs 

loco     7     100 

cars     8     100 

Loco   fuel    11       50 

General    8       25 

a', 

12 

7 
8 

5.5 
2 

Curvature,       A'       =       34.5 

Hence,  for  curvature, 
m*  =  A*  m 

=  0.345  X  11.50  =  $0.5175 
For  roadway  and  track  supt, 
Mr.  J.  B.  Berry,  Am  Ry  Eng  & 
M  W  Assn  Bulletin  49,  March 
1904,  p20,  givs  (instead  of  our 
a  =  16%)  o  =  14.76%, 
obtaind  as  follows: 

a,       h,      a\ 

Rails    2.28     300     6.84 

Ties      3.01       60     1.50 

Ballast    0.28       50     0.14 

Spikes     &c...     0.86     100     0.86 
General      8.33       50     4.16 

Supt     14.76     ~91  13.50 


( 


Class  B 


Fuel    .. 
General 


For   grades 


a  _ 
"11 
8 


6 
"60 


A'       = 


a' 
6.6 
1.0 

To 


m'     =     A'  m 

=     0.076      X 
=r      $0.114 


$1.50 


Class  C 
a 


Fuel    11       65 

General    8 


7.1 
2.0 


For  grades 


A'       =       9.1 


«'     =     A'  m 

=     0.091     X     $1.50 
=     $0,136 


•See  t  foot-note,  p  1088. 
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Table  2.    D 

etcr- 

Add»l 

Lenrth-dlfference 

1 

Factors 

train 

For  Classes,  2 

B 

C7,  see  f  28. 1 
O        \ 

± 

Items 

a 

h 

a' 

b 

0' 

h 

a' 

__p_ 

or 

M  Way  &  Str 

Suptce 

1 

10 

0.1 

00 

0.0 

00 

0.0 

00 

0.0 

Rdwy,  Trk 

16 

50 

8.0 

80 

12.8 

90 

14.4 

100 

160 

Structures 

4 

00 

0.0 

5 

0.2 

10 

0.4 

70 

28 

Miscel 

1 
22 

00 

0.0 

100 

LO 

100 

1.0 

100 

1.0 

M  Bqiilpmt 

Suptce 

1 

00 

0.0 

00 

0.0 

00 

0.0 

00 

CO 

Rep,  ren 

Locos 

7 

70 

4.9 

40 

2.8 

40 

2.8 

50 

3.5 

Cars  Ac 

8 

70 

5.6 

40 

8.2 

40 

3.2 

60 

4.8 

Miscel 

1 

00 

0.0 

30 

0.3 

40 

0.4 

50 

0.5 

Deprecn 

3 

20 

2 

00 

0.0 

00 

0.0 

00 

0.0 

00 

0.0 

Traffic 

00 

0.0 

00 

0.0 

00 

ao 

00 

0.0 

Transptn 

Suptce  &c 

9 

20 

1.8 

00 

0.0 

00 

0.0 

00 

0.0 

Yds,   Stas 

7 

20 

1.4 

00 

0.0 

00 

0.0 

80 

56 

Loco  fuel 

11 

80 

8.8 

50 

6.5 

50 

5.5 

60 

66 

Loco  cxps 

9 

80 

7.2 

10 

0.9 

70 

6.3 

80 

7.2 

Opera  tn 

8 

50 

4.0 

20 

1.6 

50 

4.0 

60 

48 

Miscel 

4 

48 

8 

50 

2.0 

60 

2.4 

60 

2.4 

60 

2.4 

General 

00 

0.0 

00 

0.0 

00 

0.0 

00 

0.0 

Total 

100 

A'  =  43.8* 

A'= 

30.7t 

A'  =  40.4t 

A'  =  55.2t  1 

Wlthm   =   $1. 

50 

1 

we  have  tn'  =z  ^ 

/  m 

=  $0,657 

10. 

460 

$0,606 

$0,828      1 

40.  Table  2,  at  the  heads  of  pp  1090-1.  Assumed  values  for  o 
(%  of  m),  and  h  (%  of  a),  and  deduced  values  of  a'  (=  ba).  A' 
(sum  of  a')  and  w'  (=  A'm). 

41.  Table  2  illustrates  the  application  of  the  method  of  VIS,  for 
tindine  the  modified  t-m  cost,  m%  due  to  each  of  the  several  factors 
nffectmg  operation  cost,  viz. — 

1.  Limiting  grades  and  curvs  (additional  train)  ; 

2.  Length-differences ; 

3.  Pusher  Grades; 


.    (  Non-limiting  grades  (rise-and-fall) 


i  Non-limiting  curvs. 
42.  Caatlon.     The  values  of  b  ( 


of  a),  here  given,  represent 


merely  prob  avs,  and  are  used  to  illustrate  the  method  of  f  18, 
rather  than  to  represent  reliable  percentages.  The  actual  values  of 
b  vary  widely  with  diff  conditions,  with  the  classifn  of  the  cost 
items,  and  with  the  Judgment  of  the  estimator.  See  foot-note  f, 
p  1088.  They  must,  in  general,  be  determined  or  estimated  for 
each  case. 

♦For  additlonnl  trains  (first  column^,  J.  B.  Berry.  Am  Ry  Eng  & 
M  W  Assn,  Bull  49,  March  *04,  p  12,  finds  A'  =  43.29%  of  m. 
B.  H.  McHenry,  N.  Pac.  Ry  Rules,  pp  12,  16,  assumes  A'  =  60% 
of  m. 

tUsing  other  classlfn's  of  length  dlffs,  J.  B.  Berry,  XT.  P.  Rv, 
A.  R,  B.  M.  W.  A.  Bull  49,  Mar  '04,  and  B.  H.  McHenry.  N.  P.  Ry, 
•03,  adopt  values  of  A'  as  follows: — 

CHass  A      Class  B       Class  C 

Berry,  U.  Pac   A'     =     82%  46%  59% 

McHenry,   N.  Pac   A'     =     22%  52%  100% 
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mlnatlon  of 

m' 

Factors 

Pusher 

Rlse-aDd-Fall 

Curv 

B 

C 

Items 

a 

h 

a' 

0 

a' 

& 

a' 

h 

0.0 

12.0 

0.0 

0.0 

M  Way  ft  Struc 
Suptce 
Rdwy,  Trk 
Structures 
Mlscel 

1 

16 

4 

1 

22 

1 

00 
50 
00 
00 

0.0 
8.0 
0.0 
0.0 

00 
00 
00 
00 

0.0 
0.0 
0.0 
0.0 

00 
00 
00 
00 

0.0 
0.0 
0.0 
0.0 

00 
75 
00 
00 

M  Equlpmt 
Suptce 

00 

0.0 

00 

0.0 

00 

0.0 

00 

0.0 

Kep,  ren 
Locos 
Cars  Ac 
MiRcel 
Deprecn 

7 
8 
1 
3 
20 
2 

80 
80 
00 
00 

5.6 
6.4 

0.0 
0.0 

00 
00 
00 
00 

0.0 
0.0 
0.0 
0.0 

00 
00 
00 
00 

0.0 
0.0 
0.0 
0.0 

100 

100 

00 

00 

7.0 
8.0 
0.0 
0.0 

TnUflc 

00 

0.0 

00 

0.0 

00 

0.0 

00 

0.0 

Transptn 
Suptce  &c 
Yds,  stas 
Loco  fuel 
Loco  expa 
Opera  tn 
mscel 

9 

7 

11 

9 

8 

4 

48 

'8 

00 
00 
80 
50 
20 
20 

0.0 
0.0 
8.8 
4.5 
1.6 
0.8 

00 
00 
60 
00 
00 
00 

0.0 
0.0 
6.6 
0.0 
0.0 
0.0 

00 
00 
65 
00 
00 
00 

0.0 
0.0 
7.1 
0.0 
0.0 
0.0 

00 
00 
50 
00 
00 
00 

0.0 
0.0 
5.5 
0.0 
0.0 
0.0 

General 

00 

0.0 

.. 

1.0* 

2.0* 

25 

2.0 

Total 

100 

A'  = 

35.7 

A' 

=  7.6 

A' 

=  9.1 

A'  = 

34.5 

With  m  =  $1.50 
we  have  w'  =  A'  w  = 

=      $0 

535 

$0,114 

$0,136 

$0,517       1 

See  t  37,  pp  lOSl'B. 


i 


by  Google 


•Covering  all  Items  other  than  loco  fuel. 
74 


1U»2 


KAILBOASS. 


43.  Deduction    of    annual    and    eapltallaed    «oata.       Harfng 

thus,  In  accordance  with  Klf  18  to  42,  estimated  the  modified  train- 
mile  cost,  m\  as  determind  hy  a  siven  factor  In  a  giyen  case; 
we  proceed,  as  follows,  to  deduce,  from  m',  the  annuM  operation 
cost,  C%t  of  a  given  difference  (in  limiting  or  in  non-limiting  con- 
ditions) betw  two  lines,  and  the  capitalized  value,  Tc,  ox  aald 
annual  cost. 

In  the  following  schedule,  an  "increase"  and  its  effects  may  be 


1 

«•  =:  that     grade,     in     ft    per 
100  ft. 

Dt  =  that  sharpness,  in  degs  of 
sweep  per  100-ft  chain. 

which  produces  an  additional  resistance  equal  to  the  normal  resist 
ance,  U»  on  a  level  tangent ; 

hd  =  diff,  as  to  lift, 

betw  two  lines ; 
hn  =r  52.8  «« 

=  1  "equivalent  grade-mile" 
=  that    lift    for   which    the 
work  reqd  is 

A<  =  diff,   as  to   sweep, 

betw  two  lines ; 
A«  =  52.8  D.* 

=  1   "equivalent  curv-mlle* 
=  that  sweep  for  which 
the  curv  work  reqd  la 

equivalent  to  that  of  hauling  the  train  thru  a  mile  of  level  Ungent. 
Then: 

L$  —  —  =  the  diff,  as  to  rlse- 
A«          and-fall,    betw   the 
two    lines,    exprest 
in     terms    of    the 
"equivalent    grade- 
mile",  ht. 

A* 
L«  =  =  the    diff,    as    to 

A«           sweep,    betw   the 
two     lines,     ex- 
prest m  terms  of 
the     •^equiTalent 
curv-mile".  A-- 

Co  =  annual  cost  of  a  given  difference  between  two  lines ; 

Ve  =  capitalized  value  of  Omj 

d     =  the  number  (usually  365  or  818)  of  train-days  in  a  year: 


(1) 

(2)        1           (3)         1          (4)         1           (5) 

Let  r  = 

t     = 

No.  of  add'l 
trips.  H  11. 

number  of  dally  round  trips. 

Then  d  «'  = 

dt     = 

number  of  train-miles  made  over  any  one  mile  in  one  year  by 

V  trains,        |                                       t  trains. 

each  making  one  round  trip  daily. 

LetL  = 

h4^      \       U  =        1      L.  =         1       /..  = 

line  length. 

difference  between  two  lines  as  to 

length 

pusher- 
grade 
length. 

number  of  equivalent 

grade  miles.  |  curv  mUes. 

(Table  continued  on  pagrOi 
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DEDUCTION   OF  ANNUAL   COSTS. 
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adding  f 
to  the  No. 
of  daily 
rnd  trips 
onL; 


(1) 


(2) 


(3) 


(4) 


(5) 


Tkea,  for  a  siren  traillc«  an  Inerease  In 


limiting 
grades 

&CUITS 


line  length 


pusher- 

{;rade 
ength. 


non-limiting 


grades 


curvature 


increases  operation   cost  bj 


making  ench 
of  t  trains 
mnXrtfmls 
frthr,  each 
single  trip ; 


requiring 
pnsher 
outfit  for 
each  single 
trip  on  Lp/* 


Increasing  resistance  on 


grades ; 


curvs; 


thus  adding,  to  the  normal  work,  work  equivalent  to  that  required 
for  hauling,  daily, 


t'  trains 


t  trains 


over  a  distance  equal  to 


L. 


Ld. 


Lp.^ 


m'     =     A'  m     =     traln-mlle  cMt  of  tkls  added  work. 


Naiaber  of  additional  eqolvalent  traln-ntlles  per  i 

due  to  diflf  betw  the  two  lines,    = 


di'L.     I         dtLd.       I      dtLp.*      I       dtL..t      |       dtl 
additional    annual   coMt, 


Ci,     = 


If  Lm',{      dtLdtn',    \    dt  L,  m\*  \    dtL,  m\^  \   dtLc  m'. 


Vc     =     C. 


Interest  rate. 


i 


It  will  be  noticed  that,  in  all  five  cases,  the  additional  work  is 
either  that  of  train  haulage,  or  is  equated  to  (and  stated  In  terms 
of)  train  haulage.  In  column  1  (difference  in  limiting  conditions) 
said  haulage  is  that  of  additional  trips  over  the  name  length,  L,  of 
track  in  both  cases ;  whereas,  in  each  of  the  other  four  columns, 
the  number  of  trips  is  unaffected  by  the  diff  betw  the  two  lines 
compared,  and  the  equivalent  haulage  is  that  of  said  trips  (the 
game  for  both  lines)  over  an  additional  length.  La,  Lp,  L«  or  L«« 
of  track.     See  T  If  32,  35  and  36. 

*This  assumes  that  a  pusher-outfit-mlle  is  equivalent  to  a  train- 
mile,  and  that  pusher-outfit  operation  cost  is  the  same  in  both 
directions.  For  any  deviation  from  these  assumptions,  allowance  la 
to  be  made  in  determining  the  value  of  b,  H  18,  (3).    see  also  H  32. 

fThts  assumes  equalltv  of  total  lift,  on  non-limiting  grades,  in 
both  directions ;  and  neglects  advantage  due  to  down  grades. 
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CONSTRUCTION  COST  ESTIMATES 

IIVTRODUCTORT 
Variatioiui  and  Umlta 

1.  Klementa  affectlngr  coat.  Railroad  constraction  cost  Taries 
between  wide  limitK.  It  depends  largely  upon  the  topography  and 
the  geology  of  the  country  traverst ;  upon  its  value  and  the  result- 
ing right-of-way  cost ;  upon  the  amount  and  the  cost  of  land 
required  for  yards  and  terminals ;  upon  the  unit  costs  of  the  several 
items  of  construction ;  upon  the  cost  of  labor ;  upon  the  construc- 
tion methods  employd ;  upon  the  requirements  as  to  grade  and 
alinement;  upon  the  amount  and  the  character  of  the  traffic  to  be 
carried ;  upon  the  absence  or  presence  and  the  nature  of  compe- 
tition ;  and  upon  the  funds  available. 

2.  Initial  and  ultimate  coata.  The  construction  cost  of  a  given 
railroad,  as  shown  by  the  Company's  accounts.  Increases  with  Its 
age ;  for  the  original  cost  (often  kept  at  a  minimum  by  the  economic 
desirability  of  putting  the  road  In  earning  condition  as  Boon  as 
possible)  may  be  mucn  less  than  its  total  subsequent  constraction 
cost  ("Original  Cost  to  Date")  after  desirable  improvenwnta  have 
been  made.     See  flF  4  and  11. 

3.  On  the  other  hand ;  constructions.  Included  In  the  original 
cost,  are  often  abandoned  or  superseded ;  but  their  cost  nevertheless 
enters  into  the  total  construction  cost. 

4.  Acconntlns.  For  a  given  actual  construction  cost,  the  avail- 
able cost  data  are  affected  by  differences  in  account-keeping  method. 
For  instance;  items,  properly  chargeable  to  construction,  are  often 
charged  to  way  maintenance;  as  where  a  temporary  timber  trestle 
(part  of  the  original  construction)  is  afterward  gradually  filled  In 
and  the  necessary  train-service  is  charged  to  maintenance. 

5.  In  deducting  the  construction  cost  of  a  proposed  line  from  that 
of  an  existing  line,  allowance  must  of  course  be  made  for  differences 
in  condition  oetw  the  two ;  and,  even  with  given  unit  costs,  differ- 
ent portions  of  a  given  line  may  have  very  different  costs  per  mile ; 
and,  therefore, 

total  coat 

the  apparent  construction  cost  per  mile     =     

length 
of  one  part  of  a  given  line,  may  be  much  higher,  and  that  of  an- 
other part  much  lower,  than  that  of  the  entire  line. 

e.  Example.  Thus;  a  trunk  line,  running  eastward  from  the 
Pacific  thru  several  states,  and  burdend  with  heavy  real  estate  costs 
at  its  terminals,  and  with  heavy  construction  cost  proper  on  that 
portion  of  its  line  crossing  the  mountains,  may  pass  also  thru 
regions  of  more  favorable  topography  and  requiring  but  little  out- 
lay for  real  estate.    In  using,  for  comparison,  the  construction-cost 


it  would  be  misleading  to  apply,  to  it,  without  modification,  con- 
struction-cost data  covering  the  entire  trunk  line,  including  its 
more  expenslv  portions. 

7.  Tendency  to  Inereaae.  When  using  early  data  as  a  basis  for 
the  estimation  of  present  or  future  costs,  bear  in  mind  that  the 
tendency  of  railroad  construction  cost,  as  a  whole,  is  to  increase: 
for  the  reduction  of  unit  cost,  in  some  particulars,  due  to  Improved 
manufacturing  and  operating  methods  and  apparatus,  is  usually 
more  than  offset  by  Increase  in  wts  of  rolling  stock,  by  increasingly 
exacting  demands  on  the  part  of  the  traveling  and  shipping  public, 
by  increase  of  traffic,  which  Justifies  costly  construction  for  the 
sake  of  the  reduction  of  operating  expenses,  and  by  increasing  in- 
sistence, on  the  part  of  the  community,  upon  the  avoidance  of 
nuisance  and  of  accident.  .    ^..^i^ 
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8.  Tliasr  wh«re  ffrade  crossings  are  sttll  retaind,  they  are  rp- 
galred  to  be  provided  with  elaborate  lnti»r1oclcIn>^  and  signaling 
apparatus:  but.  more  often,  elimination  of  grade-crossings  is  de- 
manded ;  and  the  abolition  of  a  grade-crossing  may  cost  $100,000 
or  more. 

0.  The  rans«  of  Tarlatloiif  in  total  cost,  Increases  also,  and  for 
like  reasons. 

10.  Thn»,  upon  a  line  of  moderate  length,  joining  populous 
centers,  the  coat  of  terminals,  of  modern  type,  may  equal  the  re- 
maining construction  cost ;  whereas,  upon  a  long  line,  connecting 
many  small  towns  or  depending  chiefly  upon  mineral  or  industrial 
truffle,  the  cost  of  terminals  may  be  relatlvly  insignificant. 

11.  Tlie  Interstate  Commerce  CommlsMlon*  by  Act  of  Con- 
gress, approved  1913,  March  1,  is  instructed  to  ascertain,  respecting 
each  rauroad  property  : — 

(1)  Its  original  cost,  to  date; 

(2)  Its  cost  of  reproduction,  new  ; 

(3)  Its  cost  of  reproduction,  new,  less  depreciation. 

12.  Differences  In  estimates.  As  might  be  expected,  there  is 
usually  a  material  difference  betw  (a)  estimates  prepared  by  a 
railroad  company  for  the  purpose  of  showing  a  Mgh  value  (as  in 
cases  of  proposed  sale,  or  where  it  Is  desired  to  justify  existing  or 
proposed  freight  and  passenger  rates),  and  (b)  estimates  prepared 
by  the  same  company  for  the  purpose  of  showing  a  low  value,  as 
for  purposes  of  assessment.     See  H  139. 

13.  <<General  Expenditures.^  In  addition  to  Construction  Cost 
proper,  there  are  the  cost  items  of  financiering,  negotiation,  lepal 
service,  insurance,  taxes,  depreciation,  etc,  (see  III.  General  Ex- 
penditures. U  18)  which  affect  an  appraisal  of  the  property  in  its 
existing  condition ;  as  for  purposes  of  taxation.  Such  an  appraisal 
may  properly  consider  the  earning  capacity  of  the  plant,  which,  of 
course,  may  be  greatly  affected  by  considerations  quite  independent 
of  construction  cost.  For  instance,  the  business  conditions  of  the 
country  traverst  may  conceivably  give  high  commercial  value  to  a 
very  cheaply  constructed  road ;  or,  on  the  othor  hand,  they  may 
become  such  as  to  deprive  an  expensivly  constructed  road  of  all 
value. 

14.  All  that  can  be  usefully  attempted  here  is  to  give  such  data 
(deduced  from  publisht  records)  as  may  facilitote  the  making  of 
preliminary  cost  estimates  for  a  projected  line,  bearing  in  mind  the 
preceding  cautionary  suggestions. 

15.  Unit  costs.  In  estimating  railroad  construction  costs,  we 
are  concernd  with 

(1)  unit,  costs  (as  per  cu  yd  of  grading,  per  acre  of  clearing, 
per  lineal  ft  of  tunnel,  etc)  and 

(2)  per-mile  costs,  or  costs  per  mile  of  line  or  of  single  track. 
10.  lilne-mlle  vs  Track-mile.     In  figuring  per-mile  cost,  dis- 
tinction must  be  made  between 

(1)  Zine-mlle  (or  roatf-mile)   cost  (coat  per  Zine-mile) 

total  cost 
number  of  miles  of  main  line  and  branch  Unea 
(irrespectiv  of  the  number  of  tracks  and  of  sidings),  and 

(2)  ^acX^mile  cost  (cost  per  tracib-mlle,  i.  e.,  per  mile  of  track) 

total  cost 


i 


number  of  miles  of  track 

... s,  a  double-track  road,  L  : „, 

has  L  Hne-miles,  and  2  L  track-mllea.  igitizedby^OOg 


17.  Thus,  a  double-track  road,  L  miles  long,  wltl^ut^ side-tracks, 


lUilO  RAILROADS 

In  any  given  ease,  line-mile  cost  s  track-mile  cost 

Por  a  given  ^inyle-track  line,  without  branches  or  sldlngB,  we 
have : — 

Kne-mile  cost  =  tmcA^mlle  cost. 

For  a  given  double-track  llne^  without  branches  or  sidings,  we 
have : — 

7i»e-mlle  cost  =  2  X  tracfc-mlle  cost; 
but  the  Ilne-mlle  cost  of  a  double-track  road  is  (other  things  equal) 
2e8«  than  double  the  line-mile  cost  (  =  trcM^k-mlle  cost)  of  a  single- 
track  road. 

I.  C.  C.  Classlllcatlon 

18.  Classification  of  Investment  in  Road  and  Equipment  of  Steam 
Roads,  Prescribed  by  the  Interstate  Commerce  Commission  in  ac> 
cordance  with  Section  20  of  the  Act  to  Regulate  Commerce.  Issue 
of  1914.     Effectlv  on  July  1,  1914.     (Here  condenst.) 

General  Aeeoanta. 

I.  Road.  "Cost  of  land,  flxt  Improvements,  and  roadway  ma- 
chines and  tools  ownd  by  the  catrler  and  devoted  to  transportation 
service." 

II.  Equipment  "Cost  of  the  several  classes  of  equipment  ownd 
by  the  carrier,  or  held  under  equipment  trust  agreements  for 
purchase." 

III.  General  Expenditures.  "Expenditures  made  in  connection 
with  the  acquisition  and  construction  of  original  road  and  equip- 
ment, and  with  extensions,  additions  and  betterments  to  road  and 
equipment  property,  when  such  expenditures  cannot  properly  be 
Included  in  any  of  the  foregoing  accounts  as  a  part  of  the  cost 
of  any  specific  work." 

Primary  Aceonnta. 
I.  Road. 

1.  Engineering. 

Including  **the  pay  and  expenses  of  engineers,  assists,  and 
clerks  engaged  in  the  survey  and  construction  of  new  lines  and 
extensions,  or  In  making  additions  to  and  betterments  of  the  car- 
rier's road,  Including  wharvs  and  docks." 

2.  Lend  for  Transportation  Purposes. 

Including  "the  cost  of  land  of  necessary  width  acquired  for 
roadway;  the  cost  of  land  for  station,  office,  shop  and  other 
grounds;  for  ingress  to  or  egress  from  such  grounds;  for  borrow 
pits,  waste  banks,  snow  fences,  sand  fences,  and  other  railway 
appurtenances;  and  for  storage  of  material  adjoining  the  right  of 
way ;  the  cost  of  land  for  wharvs  and.  docks  and  the  cost  of  riparian 
or  water  rights  necessary  therefor;  the  cost  of  removing  from  the 
right  of  way  and  locating  elsewhere  the  property  of  others,  and  the 
cost  of  the  necessary  land  for  relocation  of  the  property,  when  such 
costs  are  assumed  by  the  accounting  carrier." 

8.  Grading. 

Including  "the  cost  of  clearing  and  grading  the  roadway, 
and  of  constructing  protection  of  a  permanent  character  for  the 
roadway,  tracks,  embankments,  and  cuts." 

4.  Underground  Power  Tubes. 

5.  Tunnels  and  Subways. 

Including  "the  cost  of  tunnels  and  subways  for  the  pasgap' 
of  trains,  including  apparatus  for  ventilating  and  lighting,  and 
safety  devices  therein,  other  than  signals." 

6.  Bridges,  Trestles  and  Oilverts. 

Inclndlng  "the  cost  of  the  substructure  and  superstructure 
of  bridges,  trestles,  and  culverts  which  carry  the  tracks  of  the 
carrier  over  watercourses,  ravines,  public  and  private  highways, 
and  other  railways." 
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7.  Elevated  Structures. 

Includlns  "the  cost  of  elevated  structures  and  foundations 
of  elevated  railway  systems — structures  other  than  earthwork, 
which  are  for  the  purpose  of  elevating  tracks  above  the  grade  of 
streets,  and  which  are  not  properly  classable  as  bridges  or  trestles.'* 

8.  Ties. 

9.  Rails. 

10.  Other  Track  Material. 

Including  antlcreepers,  bumping  'poets,  railway  crossings, 
derails,  guard  rails,  rail  braces,  rail  Joints,  tie-plates,  spikes,  turn- 
outs, etc. 

11.  Ballast. 

12.  Track  Laying  and  Surfacing. 

13.  Right-of-way  Fences. 

14.  Snow  and  Sand  Fences  and  Snowsheds. 

15.  Crossings  and  Signs. 

Exclusiv  of  "railways  crossing  at  grade",  for  which  see 
Account  10. 

16.  Station  and  Other  Buildings. 

17.  Roadway  Buildings. 

18.  Water  Stations. 

19.  Fuel  Stations. 

20.  Shops  and  Bnginhouses. 

21.  Grain  Elevators. 

22.  Storage  Warehouses. 

Including  "warehouses  in  which  merchandise  is  stored  and 
which  the  railway  companies  or  others  operate  commercially  as 
storage  warehouses.*' 

23.  Wharvs  and  Docks. 

24.  Coal  and  Ore  Wharvs. 

25.  Gas  Producing  Plants. 

26.  Telegraph  and  Telephone  Lines. 

27.  Signals  and  Interlockers. 

28.  Power  Dams,  Canals,  and  Pipe  Lines. 

29.  Power  Plant  Buildings. 

Including  **the  cost  of  the  buildings  of  power  plants 
erected  to  furnish  power  .  .  ."    See  Account  45,  p  1098. 

30.  Power  Substation  Buildings. 

Including  "the  cost  of  the  buildings  of  power  substations 
erected  to  transform  power  .  .  ."     See  Account  46,  p  1098. 

31.  Power  Transmission  Systems. 

Including  **the  cost  of  high-tension  transmission  systems, 
.  .  .  used  for  transferring  power  from  producing  plants  to  a  place 
where  it  is  transformd  .  .  .'* 

32.  Power  Distribution  Systems. 

Including  "the  cost  of  distribution  systems,  .  .  .  for  con- 
veying low-tension  electric  power  from  producing  plants  or  trans- 
former stations  and  for  conveying  steam  and  comprcst-air  from 
producing  plants  to  the  place  where  used  .  .  .'* 

83.  Power  Line  Poles  and  Fixtures. 

84.  Underground  Conduits. 


35.  Miscellaneous  Structures. 

36.  Paving. 
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37.  Roadway  Machines. 

Including  boilers,  cars  (hand-,  lever-,  motor  inspection-, 
push-,  etc),  concrete  mixers,  ditching  and  dredging  machines,  port- 
able engins,  grading  and  hydraulic  outfits,  hydraulic  Jacks,  pile 
drivers,  unloading  plows,  rail  unloaders,  rock  crushers,  steam 
rollers,  etc. 

38.  Roadway  Small  Tools. 

39.  Assessments  for  Public  Improvements. 

40.  Revenues  and  Operating  Expenses  During  Construction. 

41.  Cost  of  Road  Furchast. 

42.  Reconstruction  of  Rond  Purchast. 

43.  Other  Expenditures — Road. 

44.  Shop  Machinery. 

45.  Power  Plant  Machinery. 

46.  Power  Substation  Apparatus. 

47.  Unapplied  Construction  Material  and  Supplies. 
(Nos  48.  49  and  50  left  blank.) 

II.  Equipment. 

51.  Steam  Locomotivs. 

52.  Other  Locomotivs. 

53.  Freight-train  Cars. 

54.  Passenger-train  Cars. 

55.  Motor  Equipment  of  Cars. 
60.  Floating  Equipment. 

57.  Work  Equipment. 

58.  Miscellaneous  Equipment. 

(Nos  59  to  70,  inclusiv,  left  blank.) 

III.  General  Expenditures. 

71.  Organization  Expenses. 

72.  General  Officers  and  Clerks. 

73.  Law. 

74.  Stationery  and  Printing. 

75.  Taxes. 

76.  Interest  during  Construction. 

77.  Other  Expenditures — General. 

R'eferencesy  etc* 

19.  AcknoM'ledsment  to  Gillette's  «Cost  Data."  For  most  of 
the  information,  given  in  the  following  paragraphs,  on  the  engineer- 
ing features  of  railroad  construction  cost,  we  are  indebted  to  Mr. 
Halbert  P.  Gillette's  monumental  "Handbook  of  Cost  Data",  (1010- 
1914,  McGraw-Hill  Book  Co.),  which  we  have  very  freely  used, 
at  the  author's  invitation.  In  using  the  material  selected,  how- 
ever, we  have  digested  and  arranged  It  to  suit  the  purposes  of 
"TRAUTWINE",  and  have  frequently  substituted  deductions  from 
Mr.  Gillette's  figures,  in  the  place  of  the  figures  themselves.  Owing 
to  differences  in  methods  of  classification  of  construction  cost  items, 
we  have  frequently  been  obliged  to  rely  upon  assumption  for  the 
proportions  of  a  given  reported  item  chargeable  to  this  or  to  that 
^'account"  of  the  Interstate  Commerce  Commission,  Classification 
of  1914  (1118). 

20.  Caution.  We  repeat  that  all  of  onr  data,  on  railroad  con- 
struction cost,  are  Intended,  not  as  business  quotations,  bnt  merely 
as  indicating  the  range  within  which  the  cost  of  a  given  Item,  or 
the  cost  per  mile,  may  reasonably  be  expected  to  fluctna±«k 
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21.  lAmt  of  Referenees.  The  following  are  the  principal  state- 
ments respecting  steam  railroads,  In  Mr.  Gillette's  ''Cost  Data",  to 
which  reference  Is  made  in  the  text  below.  There,  as  here,  the 
reference  is  indicated  by  the  folio  number,  preflxt  by  the  letter  "G". 
Thus,  *'G  1418"  means  "See  Gillette's  'Cost  Data',  page  1418". 

Miles  of 


G  1289.  Winchester  &  BeattyvlUe  R  R,  Kentucky. 
Built,  1893,  in  rugged  country,  to  open  up  ii  mining 
district.  Mux  grade,  1%  ;  max  curv  sharpness,  ft", 
except  for  two  12*  curvs.  Labor,  $1.25  per  day. 
John  H.  Pearson,  Eng.  News,  1893,  Sep  14,  p  200. 

G  1290.  A  logging  railroad  In  northwestern 
Penna,  built  1890.  Ruling  grade.  3.3%.  Max  curv 
sharpness,  18**.  Country  very  rough  and  heavily 
wooded.  Wages,  $1.25  ?  per  10-hour  day.  Costs 
given  refer  to  the  heaviest  part  of  the  line. 

G  1291.  Texas.  First-class  branch  line  of  St. 
Louis  Southwestern  Ry.  Ridge  line,  nearly  all  tan- 
gent.   Built,   1903. 

G  1303.  Great  Northern  in  Washn.  Original  cost. 
Bnllt  by  contract,  at  reasonable  prices,  In  180^■4. 
Crosses  rugged  mountain  range.  Cascade  tunnel  cost 
over  $2,500,000. 

O  1306.     Fairhaven  Southn  branch.  Easy  country. 

G  1307.  Spokane  Falls  &  Northn  branch,  about 
1890. 

G  1308.     Washn  &  Great  Northn  branch. 
Mountainous  country. 

G  1310.     Great  Northn  in  Washn. 
plus  Improvements  to  1906. 

G  1819.     Great  Northn  in  Washn. 
estimate,  1900. 

G  1321.  Northn  Pac  In  Washn.  Original  cost 
plus  improvements  to  1906.  Built  about  1880. 
DifUcult  and  costly  explorations.  Built  largely  by 
company  forces. 

G  1329.  Northn  Pac  in  Washn.  Reproduction 
estimate.   1906 

G  1331.  Oregon  R  R  &  Navigation  Co.,  in  Washn. 
Built  1876-1899.     Original  cost. 

G  1332.     Oregon  R  R  &  Nav  Co.  Reprod'n  est. 

G  1334.     Stt  of  Wis.   Val'n  by  W.  D.  Pence,  '07 

G  1336.  Stt  of  Wis.  Valuation  by  W.  D.  Taylor, 
1903-4. 

G  1336. 
1900. 

G  1347. 

G   1353. 
excav.    D.  J.  Whittemore,*  '98. 

G  1354.     Texas.    Prices  used  in  est'g  cost  of  RRs 

G  1362.     N.  Pac.  syst.    Vnrn  by  Chf  Engr,*  '07-8. 

G  1374.     Gt  N.  syst.   Val'n  by  Chf  Engi-,*  '07-8. 


line      track 


1906. 
Original  cost 
Reproduction 


Stt  of  Mich.    Valuation  by  M.  E.  Cooley, 

Stt  of  Minn.    Reprod'n  est,  1908 

C^M  &  St.  Pin  S.  Dak.    Prac*y  no  rock 


12.13  18.7 

488  527 
32.3 

130.5  151.3 

83.9  91.8 

768.0  954.8 

768.0  954.8 

1645  2205 

1045  2205 

501  569 

501  560 

7090  10179 

6657  9271 

7813  10882 

7596  10438 

1101  1187 
In  state. 

5875  7695 

6635  8110 


{ 


^Appraisal  by  Chief  Engineer  of  road.  In  a  ra)tee(Ci^4eif0^isumal)ly 
t  underestimated.     See  II  12.  ^ 
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COST  DATA 

OESlfBSRAIj  ACCOUNT  I.     ROAD. 

Primary  Acoount  1. 
Englneerlnsr. 

SnrTeys. 

SO.  Under  "surveys"  we  here  Include  reconnaissance,  preliminai? 
survey  and  location,  and  such  other  professional  engineering  work 
as  may  be  required  prior  to  the  beginning  of  construction. 

23.  Importance.  The  adoption  of  an  inferior  line  means  Increast 
construction  cost,  or  Increast  operation  cost  for  every  train  durinf 
the  lifetime  of  the  road,  or  both.  The  whole  cost  of  surveys  will 
usually  be  much  <  1%  of  the  total  cost  of  the  line ;  and  it  is  poor 
economy  (especially  on  Important  lines)  to  stint  the  expenditure 
upon  surveys,  in  the  matter  of  either  salaries,  subsistence  or  appli- 
ances and  conveniences. 

24.  Reconnaissance  consists  of  an  exploration  of  areas,  rather 
than  of  lines.  The  party  Includes  usually  a  chief  engineer,  a  tran- 
sitman,  a  topographer,  a  draftsman,  a  rodman,  one  or  more  azmen, 
and  a  cook  where  required ;  and  the  monthly  payroll  may  ordinarily 
range  from  $750  to  $1,500,  depending  upon  the  importance  of  the 
line;  but  the  tinve,  devoted  to  reconnaissance,  varies,  betw  very 
wide  limits,  with  the  importance  of  the  line  and  the  character  of 
the  country,  especially  as  to  the  number  of  apparently  favorable 
lines  requiring  investigation.  Tbe  cost  of  reconnaissance  therefore 
varies  widely ;  but  It  will  probably  seldom  exceed  say  $25  to  $50 
per  mile  of  constructed  line,  or  0.10%  to  0.25%  of  the  constnictioD 
cost. 

25.  Preliminary  survey  and  location.  The  party  will  usually 
Include 

Salaries,  $/month 

Locating  engineer 125  to  175 

Assistant  engineer   100  to  125 

Transitman    8n  to  100 

Leveler    80  to     90 

Topographer    70  to  100 

Draftsman    70  to    90 

Rodman    50  to     65 

Chainmen  ;  2,  at  $40  to  $50 80  to  100 

Back  flagmen 30  to     40 

Tapemen  ;  1  or  2,  at  $30  to  $45 30  to     90 

Stakemen   30  to     35 

Axmen ;  2  to  5,  at  $25  to  $30 50  to  150 

Total ;  14  to  18  men 

Engineering   salaries    per    party    per  month, 

when  labor  costs  $1.50/man-day $800  to  $1100 

26.  Where  the  party  is  to  provision  itself,  add  a  cook  and  helper 
at  $60  to  $80  total  per  month.  Provisions  may  range  from  $175 
to  $350  per  month ;  or  the  party  may  be  "boarded'*  at  about  the 
same  or  a  little  greater  expense.     Add  other  expenses  as  below: — 

$  per  month  per  party 
Salaries,  as  above,  800       to         1160 

Subsistence,  250       to  500 

Team,  75       to  150 

Contingencies,  25       to  125 

Total.  $1150       to       $1935 

g27.  Preliminary  and  location  cost,  per  mile  of  avrvey,  for  a 
ven  monthly  outlay  for  surveys,  depends  upon  the  character  of 
i€   country   and    upon   weather   conditions.      R<ni^..oDantr7   and 
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severe  weather,  by  reducing  the  mileage  coyerd  by  a  given  outlay, 
increase  the  cost  per  mile  surveyd. 

28.  In  moderately  rongh  country,  prelim  survey  may  be  expected 
to  cost  from  $20  to  $40  per  mile  of  prelim  survey ;  and  location 
from  two  to  three  times  these  figures  per  mile  of  location.  In 
prairie  country,  half  as  much,  or  less ;  and,  in  Tery  rugged  country, 
twice  as  much,  or  more. 

29.  The  svrvey  eoat.  per  mile  of  eonatmcted  line,  may  be  as 
much  as  three  or  four  times  the  survey  costs,  above  indicated,  per 
mile  of  line  surveyd, 

3<K  For  a  given  cost  per  mile  of  survey,  the  Z<fi«-mile  cost  of  sur- 
vey depends  upon  the  character  of  the  country  and  upon  the  limi- 
tations imposed  as  to  max  grade  and  max  curv-sharpness. 

31.  A  ridge,  prairie,  or  river-bank  line,  offering  but  little  if  any 
choice  betw  alternate  lines,  will  require  fewer  miles  of  prelim  sur- 
vey, per  mile  of  flnisht  construction,  than  will  a  cross-country  line. 
In  rough  country,  which  may  require  the  investigation  of  several 
promising  lines  before  the  best  can  be  selected  for  location.  In 
rough  country,  restriction  of  grades  and  of  cnrv-sharpness  of  course 
increases  survey  cost  per  mile  of  flnisht  construction. 

JBnsineeiing. 

32.  Probable  ran^e  of  engineering  cost ;  deduced  from  a  com- 
parison of  eighteen  tabulations  in  "Cost  Data"  : — 

%  of  total 
•  $/line-mile        constrn  cost 

Preliminary  and  location  surveys,  150  to     400         %    to  1 

Engineering  during  construction  (lay- 
ing out  of  work,  and  superin- 
tendence), 400  to  1300         1.5  to  3 

Total  "engineering**,  550  to  1700         2      to  4 

Primary  Aceoant  2. 
Land  for  Transportation  Purposes. 
Real  Bstate. 

33.  Pertiaps  in  no  other  item  is  greater  caution  required,  when 
deducing  the  cost  of  a  proposed  line  from  the  actual  or  estimated 
costs  of  other  lines,  than  in  that  of  real  estate  for  right  of  way, 
for  stations  and  terminals,  for  water  supply,  etc. 

34.  Tbe  prlee  per  aere  may  vary  from  $10  or  less  in  waste 
lands,  to  $20,000  or  more  for  terminal  sites  in  cities;  and  the  cost 
of  such  sites  Increases  rapidly  with  time  as  a  result  of  city  develop- 
ment. Indeed,  land  is  frequently  dowited  to  railways,  by  govts  or 
business  interests  desirous  of  the  services  of  the  road  in  developing 
the  country  or  the  trade  of  the  city ;  and,  on  the  other  hand,  rin- 
dictiv  or  avaricious  property-owners  frequently  hold  -out  for  exor- 
bitant prices,  which  the  companies  often  pay  rather  than  resort  to 
condemnation,  which  involves  legal  proceedings,  and  which  restricts 
the  company's  use  of  the  land  to  Ky  purposes.  Owing  to  conse- 
quential damages  and  inconvenience  to  property-holders.  It  is  usually 
accepted  as  equitable  that  land,  for  Ry  purposes,  should  cost  the 
company  from  two  to  five  times  the  inarket  value  of  adjacent 
property.    See  <<the  rlsht-of-way  multiple*'*  n  36,  39. 

S&  The  rlKlit-of-way  width  may  vary  from  50  feet  or  less  for 
a  cheap  single  track  line  In  prairie  country,  to  200  ft  or  more  for 
a  low-grade  trunk  line,  with  from  two  to  four  tracks,  deep  earth 
cuttings  and  high  earth  embankments;.  The  area  and  the  prices  of 
the  lands  required,  for  yards,  stations,  etc.,  vary  widely  with  the 
nature  of  the  trafiic. 

1  acre  per  mile     =     8.25  ft  right-of-way  width; 
66  ft  width  =     8        acres  per  mlje ; 

100  ft  width  =   12.12  acres  pfi^emllcOOgle 
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36.  The  ratio. 


cost  of  land,  to  Ry  Co. 


market  value  of  same  land,  for  ordinary  purposes 
Is  called  «the  rigrht-of-way  multiple." 

37.  PromotiiiK.  The  matter  Is  further  complicated  by  the  fact 
that  Ry  companies  frequently  purchase  a  wider  right-of-way  than 
their  transportn  purposes  require ;  expecting  to  sell  the  surplus  at 
prices  enhanced  by  the  constrtictton  of  the  road,  or  beinx  compeld 
to  this  course  as  a  concession  to  recalcitrant  property-holders. 

Examples. 

38.  In  1906,  the  Texas  R  R  Commission,  In  valuing  a  Ry  line, 
assumed,   (6  1354)  : — 

Right-of-way  %  50  per  acre 

Depot  grounds  fl^O     " 

Reservoir  grounds     %  25     "       " 

39.  The  Western  Pacific  Ry  connects  San  Francisco,  Cal.,  with 
Salt  Lake  City,  Utah,  passing  thru  Sacramento.  Oakland  and  other 
important  Cal  cities.  In  Cal,  it  acquired,  for  its  877  miles  of  line 
in  that  State,  6064  acres  of  land  =  say  16  acres  per  line-mile, 
classified  as  follows  by  Walter  Melvin  Wells,  Right-of-way  Expert 
for  the  Cal  R  R  Commissn.     Eng-Contr  1913  Aug  20,  p  215 : — 

Avcost 
to  Ry  Co, 
Vacre 

102 


Bxcluslv 
of  San 
Francisco 
terminals 


Country  lands,  85.2% 

Suburban  property,  8.4% 

'  City  water-front  property,  2.6% 

I  City  residence  property,  1.5% 

'  City  business  property,  2.3% 


100.0% 

San  Francisco  terminals,  177  acres  purchast  in 
highly  Improved  city  warehouse  district 
Ail    classes 


4,630 


450 


18.862 
985 

The  prices  paid,  for  the  portions  acquired  hy  condemnation,  were 


Rural  and  suburban 


In  citie 


Market  value 
when  purchnst 

Cost  to 

Railway  Co 


per  acre 
|15  to  $1,000 
$37  to  $3,072 


per  sq  ft 

$0.20  to  $0.60 

$0.24  to  $1.50 


per  ft  front 
$0.30  to  $0.40 
$0.20  to  $1-60 


40.  For  981  miles  of  steam  and  electric  railway  line  in  Cali- 
fornia, investigated  by  the  State  R  R  Commission,  Inclnding  the 
377  line-miles  of  the  Western  Pacific  (!f39),  Mr.  Wells  glvea 


Line- 
Miles 

Character  of  lands 

Acres, 
est'd 

Land  Cost  to  R  R  Ca     1 

Total 

Per 
acre 
esfd 

% 

Per 
line- 
mile 
$ 

226 
310 
445 

981 
0 

981 

desert  &  waste  lands, 
yiX.  &  timber  lands, 
farm  lands,  and  lands 
In  unincorp'd  cities, 

totals  and  averages, 
rural  and  unincorp*d, 

within  Incorpva  cities 
Including  W.  Pac 
San  Fran  terminals 

totals  and  averages. 

3.030 
4,980 

7.150 

37,706 
89,739 

748.616 

871.061 

6.529.360 
7,400,421 

10 
18 

104 

55 

7,036 
444 

■      167 
289 

1.675 

15,760 
928 

890 

16,688 

7.540 
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41.  The  following  table,  referring  chiefly  to  conditions  In  the 
middle  and  far  west.  Illustrates  the  wide  range  in  values  of  real 
estate,  both  per  line-mile  and  in  Its  ratio  to  total  construction  cost. 
Column  A  (Constm)  includes  real  estnte  cost  (Column  B).  Where, 
for  a  given  road,  two  values  are  stated,  under  B,  or  under  100  B/A, 
the  first  refers  to  right-of-wny,  and  the  second  to  real  estnte  ac- 
quired for  other  purposes.     Note  the  diffs  in  ratio  betw  these  two. 

$/  line-mi 


G  1289  Winchester       & 

Beattyv,    (MlneRR). 

G 1306  Fair     Haven    & 

Southern 
G 1308  Washn     &     Grt 

Northn 
G  1307  Spokane  Falls  & 

Northern 
Dulnth  &  Mankato.  9 
W   Pact    (1139) 
G  1303  Gt  Northern, 

part.    See  below 
G  1331  Oregon    R  R    & 

Nav, 
G  1332  Oregon     R  R    & 

Nav.  (reproducn). 
G  1310  Gt  Northern, 

See  above,  plus  Im- 
provements. 
G  1311  Gt  Northern, 

( reproducn ) 
G1310  20    lines    (1140) 

t  in 

G  1321  Nor  Pacific,  orlg 

&  imprvmnts. 

G1329  NP.    (reprod) 

G  1357  NP,  entire  line.U 
G  1374  Grt   Northern, 
entire  line  (H  138)  U, 

G  1336  All  lines  in 

G  1347  All  lines  in 
G  133G  All  lines  in 


Line 
Miles 

A 

Constm 

B 

RlBst 

lOOB 

A 

Ky 

8 

13,650 

428 

3.14 

Wash 

32 

22,565  { 

2,230 
84 

9.90 
0.37 

Wash 

84 

36,519  { 

1,064 
3 

2.92 
0.01 

Wash 
Minn 
Cal 

130 
157 
377 

17,445 
22,000 

1,000 
2,170 
17,500 

5.75 
9.86 

Wash 

488 

44,412  { 

4,056 
230 

9.13 
0.42 

Wash 

500 

23,931  j 

400 

1,884 

1.67 

7.87 

500 

27  122 

4,487 

16.55 

Wash 

768 

49,848  { 

3,759 
3,432 

7.54 
6.90 

Wash 

708 

06,753  { 

3,870 
18,350 

5.80 
27.50 

Cal 

981 

7,540 

.... 

Wash 

1,645 

38,897  j 

1,092 
827 

2.80 
2.16 

Wash 

1,645 

54,277  \ 

3,820 
16,150 

7.04 
29.70 

5,875 

60,800  1 

5,425 
12,030 

8.9 
21.3 

6,635 

56,500 

13,160 

23.30 

Wis 

6,657 

24,814  } 

3,719 
0 

14.9 
0 

Minn 
Mich 

7,596 
7,813 

44,726  I 
21,535  * 

9,637 

3,552 

113 

21.6 
16.45 
0.52 

< 


Averages, 


41,200 


9.360     22.00 


42.  Tendency  to  ndvnnce.  The  tendency  of  real  estate  cost  to 
advance,  not  only  absolutely  but  relatlvly  also,  is  illustrated  by  a 
comparison  of  the  averugrs.  deduced  In  the  foregoing  table,  with 
the  following  estimate,  publisht  by  Mr.  J.  F.  Wallace  in  Eng  Mag, 
1895  Dec,  Vol  10. 

•Eng  News,  1893  Sep  14,  p  209. 

tEng-Contr,  1013  Aug  20.     Includes  $607,421,  Incidentals. 
X        *•  **  "  Excludes         *• 

tJConstruction   costs   not   given. 
tfChief  Engineer's  estimate. 

8Eng   News,    1900  Dec   27,    Supplement,   p  210.     1905   acres    (g) 
$100.     Estimated  costs.  Digitized  by  La OOgle 
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Table  showing^  tendency  of  real  estate  cost  to  advance; 
p  1103). 


<f42, 


Dollars  per  line  mile 


1895 


) 


For  trunk  lines,  with  90-lb  rails, 


For  main  lines,  connecting  towns 
and  cities  of  minor  impor- 
tance; and  with  alinements 
and  grades  admitting  of  eco- 
nomical construction. 

For  branch  lines,  with  two  pass'r 
and  3  or  4  f  rt  trains  dly ; 
alinements  and  grades  less 
favorable  than  above. 

Averages 


From  II  41 


A 
Total 

B 

Right-of-way 

and 

Terminals 

100  B 

A 

36,150 

Rt-of-way 
Terminals 

Total 

2.000 
5,000 

5.5 
13.8 

7,000 

19.3 

22,850 

Rt-of-way 
Terminals 

1^^ 
1,500 

6.6 
6.6 

Total 

Rt-of-wav 
Terminals 

3,000 

13.2 

13,600 

1,000 
500 

7.4 

3.7 

24.200 

Total 

Rt-of-way 
Terminals 

1.50Q 

MOO 
2,333 

11.1 

6.2 
9.6 

Total,  1805, 3.833 
9^00 

15.8 

41.200 

22.6 

Roadbed  Constroctlon. 

43.  Roadbed  construction  (construction  preliminary  to  track- 
laying)  may  be  taken  as  including  I.CO.  primary  accounts  3  to  7 
inclusiv  (see  H  18).  It  is  made  up  principally  of  Account  .3,  Grad- 
ing (Including  clearing  and  grubbing)  ;  Account  5,  Tunnels  and 
Subways ;  and  Account  6,  Bridges,  Trestles  and  Culverts. 

44.  With  given  unit  costs  of  material  and  of  labor,  the  line-mile 
and  the  track-mile  cost  of  each  of  the  items  included  under  "Road- 
bed" varies  betw  very  wide  limits.  Thus,  a  prairie  line  may  require 
no  tunnels,  bridges  or  trestles,  and  little  or  no  grading;  whereas. 
In  difficult  country,  nearly  the  entire  line  may  well  require  clearing, 
grubbing  and  heavy  grading,  while  tunnels,  culverts  and  bridges 
may  be  of  frequent  occurrence;  especially  where  the  modern  tend- 
ency to  reduction  of  operation  cost,  by  Improvement  in  allnement 
and  in  grade,  necessitates  more  numerous  and  heavier  cuts  and  Gils, 
culverts,  bridges,  etc. 

Prlniar7  Account  3. 
Grading. 

45.  Grading  includes  clearing  and  grubbing,  blasting,  breakwaters, 
bulkheading,  excavation  and  embankment,  fllling  In  under  bridges 
and  trestles  and  over  culverts,  steam  shovel  operation,  use  of  spoil 
banks,  revetments  and  retaining  walls,  riprap,  wing  dams,  and 
temporarj   trestles  for  fills. 

Clearljaff  and  srubblnn;. 

46.  The  cost  of  clearing  (removing  trees  and  brush)  and  that  of 
grubbing  (removing  stumps  and  roots)  are  sometimes  included  (in 
bidding)  w^lth  that  of  grading ;  or  one  price  may  be  named  for 
clearing  and  grubbing,  together;  but  clearing  and  grubbing  are  fre- 
quently estimated  separately,  l)ocause  often  only  a  portion  of  the 
clenrd  area  requires  grubbing.     Thus,  the  stumps  and  roots  may  be 

h  11       P'*^^    under   embankments,    except    where    these   are    very 

Digitized  by\jOOgl€ 
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47.  Unltii.  The  cost  of  both  clearing  and  grubbing  is  usually 
stated  in  dollars  per  acre ;  sometimes  In  dollars  per  "square"  of 
10,000  sq  ft.  The  cost  of  grubbing  is  sometimes  given  in  dollars 
per  sq  rod  (160  sq  rods  =  1  acre)  and  sometimes  in  dollars  per 
"station",  covering  the  right-of-way  along  100  ft  of  line. 

48.  Blements  affecting  cost.  The  clearing  and  grubbing  cost, 
per  unit  of  area,  depends  upon"  the  density,  species  and  size  of  the 
timbering,  upon  the  amount  and  character  of  the  underbrush,  upon 
the  character  and  accessibility  of  the  ground,  and  upon  the  dis- 
position to  be  made  of  the  material  removed.  This  cost  may  be 
largely  or  quite  offset,  or  even  exceeded,  by  the  value  of  the  timber 
cut.  The  apparent  grubbing  cost  Is  affected  also  by  the  method  to 
be  employd  In  the  subsequent  grading.  Thus,  a  steam  shovel  (in 
earth),  or  blasting  (in  rock),  does  much  of  the  work  which  ordi- 
narily would  be  clast  under  grubbing.  On  the  other  hand,  the  use 
of  scrapers  requires  careful  preliminary  grubbing;  and  that  of  the 
elevating  grader  is  still  more  exacting. 

48.  Th«  line-mile  cost,  for  clearing  and  grubbing,  depends  further 
upon  the  clearing  area  per  line-mile,  and  this,  in  turn,  upon  the 
right-of-way  width,  and  upon  the  proportion  of  this  occupied  by 
woodland  and  brush. 


1 

0.1212 

5 

0.606 

8.25 

1 

10 
1.212 

16.5 
2 

feet  width  = 
acres  per  mile. 

20 
2.424 

24.75 
3 

30 
3.636 

33 
4 

40 
4.848 

41.25 
5 

feet  width  = 
acres  per  mile. 

49.5 
6 

50 
6.06 

82.5 
10 

100 
12.12 

165 
20 

200 
24.24 

feet  width  = 
acres^er  mile. 

BO.  Usoally,  from  1  to  6  acres  per  mile  (  =  a  uniform  strip  from 
8.25  to  49.5  ft  wide)  requires  clearing. 

51.  The  site  of  the  Brockton,  Mass.,  filter  beds  had  480  trees 
(from  6  to  24  ins  diam)  per  acre  =  one  tree  to  each  01  sq  ft;  a 
dense  growth.     G  1045. 

52.  The  eomim  of  clearing  and  of  grubbing  may  ordinarily  be 
expected  to  range  as  follows: — 

Clearing  and 
Clearing  Grubbing  grubbing 

Per  tree  or  stump  f  1  to      2         S  0.05  to      1  $     1  to      3 

Per  acre  $25  to  150         |25       to  150  $  50  to  300 

Commonly  assumed  at    $50 

Per  line-mile  $50  to  GOO         $50       to  300  $100  to  1000 


i 


ESarihwork. 

53.  "Grading"  proper  Includes  (besides  clearing  and  grubbing), 
"earthwork",  or  the  excavation,  transportation,  depositing  and 
compacting  of  earth,  in  Its  various  forms,  and  of  gravel,  hardpan 
(cemented  gravel),  loose  rock  and  solid  rock.  Where  the  cuts  fur- 
nish Insufficient  quantities  for  the  fills,  the  deficiency  is  made  up 
by  taking  material  from  "borrow-plts",  and  the  work  is  then  usually 
classified  as  "embankment". 

54.  ESIementM  affecting  cost.  The  cubic-yard  cost  of  earthwork 
varies  widely  with  the  nature  of  the  material,  with  its  accessibility, 
with  its  quantities,  with  the  facilities  for  handling  it,  with  the 
skill  of  the  contractor,  and  with  the  wage  rate,  but  ospoclally  with 
the  dlst  thru  which  it  must  be  transported.  See  pp  1024-1035.  On 
any  considerable  work,  however,  the  long  and  the  short  hauls  are  re- 
garded as  compensating,  and  it  Is  customary'  to  contract  at  a  fixt 
en  yd  price  for  each  of  the  several  kinds  of  material  encountered. 
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with  a  specified  limit  of  haul-length,  beyond  which  the  contractor  Is 
paid  (usually  one  cent  per  cu  yd  of  ^'overhaul'*)  for  each  100  ft 
of  excess  dlst. 

55.  Ordinarily  tbe  cnbic-yard  cost  of  earthwork  (haullncr  In- 
cluded), iu  cents,  may  be  taken  as  ranging  as  follows: — 

Average 

Earth, 15  to    SO  22 

Hardpan  and  cemented  gravel,  . .     36  to    45  40 

Loose  rock 40  to     65  60 

Hard  rock,  76  to  110  100 

Grading,   all   materials,   average,    30  to    45  87 

6tt.  Coat  per  mile.  For  a  given  en  yd  cost,  the  mile  costa,  for 
earthwork,  of  course  vary  betw  very  wide  limits,  depending  upon 
the  quantity  of  grading  required  per  mile,  which,  in  turn,  depends 
upon  the  character  of  tne  country  and  upon  the  necessity  for  favor- 
able grade  and  alinement  in  the  finlsnt  line ;  a  given  country 
naturally  requiring  more  earthwork  for  a  line  of  closely  limited 
grades  and  curvature,  than  for  one  where  heavier  grades,  and 
sharper  and  longer  curvs,  may  be  permitted.  See  table  of  itemized 
costs,  1 145. 

Earthwork  Cost,  Classllled  by  Haterlabk 

57.  In  tbe  follovrtiiK  table,  under  each  material,  the  rys  are 
arranged  in  the  descending  order  of  their  grading  cost  for  that 
material,  as  a  percentage  of  the  total  earthwor](  cost.  These  data 
(mostly  in  round  numbers)  serv  to  give  an  idea  as  to  the  range  of 
grading  quantities  and  costs  to  be  expected,  per  line-mile  and  per 
track-mile.  For  miles  of  line  and  of  track,  in  the  cases  here  used, 
see  H  21.  'For  their  total  line-mile  and  track-mile  costs,  see  H  1.18. 


Knrth                                                          1 

cu  yds/mile  of 

I/mile  of 

Percent  of 
total  earthwork 

Line 

Track 

Line 

Track 

cuyds 

$ 

G1347 
G1374 
G1329 

G1308 
G  1303 
a  1291 

22230 
25000 
11260 
14800 
6290 
5082 

16100 

21000 

8420 

13550 

5820 

5082 

6380 
7740 
2490 
2888 
1372 

4620 
6310 
1858 
2639 
1270 

96.1 
74.4 
64.6 
45.5 
24.7 
46.2 

90.8 
56.8 
45.8 
21.9 
12.1 

Rmbanl 

kments   f 

rom  Boi 

•row   PI 

ts 

G  1303 
G1319 

7670 
4903 

7100 
3945 

1300 
980 

1200 
780 

30.2 
14.6 

13.4 

7.8 

Hardp 

an,  etc. 

1 

G13C2 
G1303 
G1374 
G1291 

6580 
5740 
5130 
3872 

5025 
5300 
4190 
3872 

2770 
2200 
2310 

2110 
2000 
1880 

21.9 
22.6 
15.3 
35.2 

22.3 
22.5 
17.9 

IiOOSC 

Roek 

I 

G  1362 
G  1329 
G1303 
G1347 
01291 

2168 
800 

1510 
565 

1210 

1655 
600 

1390 
410 

1210 

1085 
400 
633 
292 

825 
300 
584 
212 

7.1 
4.6 
5.9 
2.5 
11.0 

10.0 
7.4 
6.5 
4.1 

Digitized  by 
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cu  yds/mile  of 

$/mile  of 

Percent  of 
total  earthwork 

Line    1  Track 

Une  1   Track 

cu  yds  1     $ 

Solid  Rock                                                  1 

G1308 
G  1303 
G1319 
G1829 

G1374 
G1362 
G1347 
G1291 

6900 
4225 
4230 
1054 

1928 

1500 

345 

836 

6300 

3900 

3400 

787 

1675 

1200 

250 

836 

6417 
4500 
4643 
1160 

2120 

1700 
372 

5866 

4200 

3740 

866 

1730 

1300 

270 

21.2 
16.6 
12.6 
6.1 
5.7 
5.1 
1.5 
7.6 

48.7 
45.6 
87.2 
21.5 

16.5 

15.0 

5.2 

Total  Earthwork  Cost 

Percent  of  tot 
constr  cost 

G1291 
G1308 
G1362 

G1881 
G1874 
G1292 
G1847 

G1290 
G1834 
G1353 
G1336 

11000 
32500 
30100 

33866 
23i46 

iisoo 

11000 
29600 
23000 

27266 
16770 

16566 

5027 

14558 

11000 

6603 

13000 

4033 

7044 

2233 

5650 

1710 

2778 

5027 

13230 

8500 

5860 
11000 
3584 
6100 
1990 
3870 
1590 
2000 

55.4 
40.0 
31.2 
25.1 
24.9 
23.3 
19.0 

18.6 
16.1 
11.0 
10.6 

Primary  Account  6« 
Tunnels  and  Subways. 
Tunnela 

08.  Blements  affeetlns  cost.  Tunnel  cost,  per  cu  yd,  depends 
upon  the  character  of  the  material  to  be  removed,  and  the  facil- 
ities for  its  removal ;  upon  the  necessity  for,  and  the  required 
cliaracter  of,  lining;  upon  the  quantities  of  water  encounterd  and 
the  facilities  for  its  removal ;  upon  the  accessibility  of  the  location ; 
upon  the  cost  of  labor  at  the  site ;  upon  the  skill  of  the  contractor, 
etc.  It  1b  usually  less  for  contract  work  than  for  work  done  with 
the  company's  forces  by  day's  labor.  In  long  tunnels,  owing  to 
longer  hauls,  to  the  necessity  for  sinking  shafts,  to  the  necessity 
and  dilflculty  of  ventilation,  and  to  the  more  expenslr  character 
of  the  plant  required,  it  is  usually  (other  things  equal)  greater 
than  in  short  tunnels.  It  is  less  for  the  bench  than  for  the 
hoadings;  and,  for  the  same  reason,  it  should  (especially  in  small 
sections)  decrease  as  the  cross-section  area  Increases. 

50.  Cost  with  labor  at  91.00  per  day.  A  study  of  numerous 
records,  including  those  given  in  "Cost  Data",  indicates  that,  re- 
duced to  a  uniform  labor  basis  of  $1.00/day,  the  average  contract 
price*  per  cuble  unlt»  for  the  entire  section,  of  rock  tunnels,  may 
be  expected  to  range,  under  ordinary  circumstances,  as  follows : 


i 


Contract  prices, 

I^bor  at 

$1  per  day. 

A.    Cents  per  cu  ft 

=  cts/lin  ft/sq  ft 

of  section  area 

$  per  cu  yd 

=  27  X  A/100 

Tunnel, 

axcavatsed. 

cents 

$ 

6  to  10 ; 

8.5  to  12; 
10  to  15 ; 

av    7.8 

av  10.5 
av  12.5 

1.60  to  2.70 ; 

2.30  to  8.26; 
2.70  to  4.00; 

av  2.10 

av  2.80 
av  3.36 

lined  with 

timber,    

cone  or  masonry,    

7? 


Digitized  by\jOOgl€ 


1108 


BAILBOASB 


/ 


60.  Cost  wltb  labor  at  otber  rates.    For  the  actual  cost,  in  a 

rven   case,   multiply   the  costs.  In   H  59,   by  actual   labor   cost,  in 
per  day. 

61.  Bartb  tunnela,  from  one-third  to  one-halt  of  these  Usurer 

62.  Actoal  cost  I  to  sklld  contractors,  about  one-third  leas  thao 
contract  prices;  to  company,  by  day  labor,  from  a  lialf  to  two- 
thirds  more  than  contract  prices. 

03.  Cost  per  linear  foot.  For  a  given  cu  yd  cost,  the  Un-ft 
cost,  for  the  entire  cross-sec,  varies  (other  things  equal)  dlrectlj 
with  the  number  of  cu  yds  per  lln  ft;  and  this  depends  upon  the 
cross-sec  area.  Single-track  standard-gage  Ry  tunnels  usuai^  meas- 
ure from  14  to  20  ft  in  width,  and  double-track  tunnels  from  25  to 
80  ft.  The  height  is  usually  from  22  to  24  ft  A  section,  which 
would  suffice  for  an  unlined  tunnel,  must  of  course  be  enlarged  to 
make  room  for  a  lining  if  this  is  required. 

For  given  conditions,  the  cross-sec  area,  for  double-track,  may 
be  from  1.6  to  1.8  times  that  for  single  track. 

64.  Rangre  of  variation  of  tunnel  llne-mlle  eost  (see  f  145 1. 

Tunnel  cost.  In 

$  per  line-mile 

of  road 

O  1353  Chicago,  Mil  &  St.  Taul,  in  Dakota,  1100  mUes,  O 

G  1354  Trinity  &  Brazos  ER,  Texas,  165  miles,  O 

O  1347  Minnesota  railways,  7596  miles,  33 

6  1834  Wisconsin  railways,  7090  miles,  120 

G 1336  Michigan  raUwaya,  7813  miles,  147 

G  1331  Oregon  RR  &  Navigation  Co.,  500  miles.  260 

G  1821  N  Pac  in  VVash'n,  1646  miles,  590 

G  1329  N  Pac  in  Wash'n,  1645  miles,  Reproducn.  est,  191 1 

G  1362  N  Pac,  entire  system,  est  by  Chf  Engr,  5875  mi,  670 

G  1374  Gt  Northn,  entire  system,  est  by  Chi  Engr, 

6635  mi,  1070 

G  1319  Gt  Northn  in  Washington,  768  miles, 5559 

SnbwayM.     See  H  144. 

Primary  Aceovnt  6 
Brldflrea«  Trestles  and  Cnlverts 
Brldffes. 

65.  Costs  of  bridges  may  be  expected  to  range  as  follows : — 


Steel  bridges 


superstructure 
alone,  erected 


per  lb  of 

steelwork 

cents 


per  lin  ft 
of  Btrctr 
dollars 


including  snbstrct 


per  lb  of 

steelwork 

cents 


per  Un  ft 
of  Btrctr 
dollars 


Single-track,  moder- 
ate span,  usual 
constr'n. 

Special  cases,  wider 
roadways,  long 
spans, 


3  to  4 
to7 


30  to  50 
to  500 


6to7 
to  15 


5Otol00 

to  2000 


Concrete  and  masonry  bridgew 


per  sq  ft 

of  roadwy 

dollars 


perUnf" 
of  strctr 
dollars 


Single-track  bridges  of  moderate 
span  and  usual  construction, 

Special  cases,  wider  roadways, 
long  spans, 


3  to  6 
to  12 


Digitized  by  VjUUV 
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For  G08t  of  steel,  see  p086. 

f\>r  cost  of  masonry,  see  pp  601,  088. 

For  cost  of  concrete,  see  pp988,  1375. 

66.  "WeUrhts  mt  steeL  The  following  straight-line  formula,  for 
wts  of  steel  in  highway  and  in  single-track  railway  bridge  super- 
structures, including  their  floor  systems,  is  condenst  from  those  of 
Messrs.  J.  B,  Johnson  and  H.  G.  Tyrrell  G  1471,  1474.  For  double- 
track  railway  bridges,  add  90%.    See  our  pp  731  and  738. 

W     =     L  im  +  nL)  ; 
where 

W  =  wt  of  structure  In  lbs ;  L  =  span  in  ft ;  and 
fn,  H     ziz     coefficients,  as  follows : 


Bridges  for 

Ref  s  to 
notes  below 

m 

n 

Highways 

A 

50 

2 

Steam  railways 
Plate  Girders 
Deck 
Thru 
Trass  bridges 

B 

C 

100  to  150 
500  to  600 
200  to  400 
600  to  650 

9  to  12 
10  to  12 
5  to  7 
7 

Electric  Railways 

I  beams  (spans  5  to  20  ft) 
Deck  plate  girders 
Riveted  trusses 

D 

!•: 

50 

80 

200 

250 

5 
5 

0.8 
1.5 

B. 
C. 


F. 


Live  load,  100  Ibs/sq  ft.    Add  or  deduct  15  Ibs/span-f t  for  each 

2  ft  of  variation  from  16  ft  roadway  width. 
For  two  100- ton  locos  and  4000  lbs  per  lin  ft  of  train. 
For  spans  of  30  to  230  ft.     Cooper  loading  E-50  (p  755)  ;  two 

177.5-ton  locos  and  5000  lbs  per  lin  ft  of  train. 
Live  load,  2000  Ibs/Iln  ft. 

"  ,  1000        "        "  15-ton  cars ;  spans  40  to  200  ft 
"  ,  2000        "        "  30-ton  cars ;       "       20  to  180  ft 


( 


id 
/I 
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67.  Fiir  1  shows,  approz,  for  each  class,  the  average  value  of 
TT/I/  =  m  -\-  nL  =  wt/span-f t,  in  railway  y^t^5|uperstruc- 
tures,  as  given  by  this  equation.  ^ 
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68.  For  trestle  bentn  and  piers  for  steam  railway  bridges,  add 
0  Ibs/sq  ft  of  proflte  area   from  ground  to  rail-base;  for  electric 
railways,  6  lbs. 
Trestles. 

«»•  anantltles  of  timber  In  trestles,  Incladlng  164  f t  B  M  of 
deck  timber  per  Un  ft ;  and  In  pile  trestles  of  4-pile  bents,  16  ft 
c  to  c,  G966. 

F     =     LimB  +  n)     =     mA    +    nL; 

P     =     LkH  +  20)/4 


Wherein : 
F     = 
L     = 

A     = 

B    = 
P     = 


total  ft  BM  in  structure; 

length  of  trestle,  in  ft; 

profile  area  of  trestle,  In  sq  ft,  ftom  ground  to  4  ft  below 

rall-bnse ; 
A/L    =     average  height ; 
lln  ft  of  piling  In  pile  trestle; 


m  and  n    =     coefficients  as  below. 


In  pile  trestles 

In  tresties                   | 

For  heights 

toTs' 

16' 

to 
25' 

25' 

25' 
to 

50* 

50' 

to 

75' 

75* 

to 

125' 

coefficients 
m     = 
n     = 

0 
185 

0 
200 

6 
220 

8 
240 

9 
240 

10 
240 

) 


70.  Slnnrle-track  pile  and  timber  trestles,  of  moderate  helgbts. 
may  be  expected  to  cost  from  $5  to  $10  per  ft  of  length.  For 
more  than  one  track,  to  $15,  $20  and  more. 

For  costs  of  timber,  see  p  984. 

CnlTerts. 

For  wts  and  costs  of  cast  iron  pipe,  see  pp  656,  658  and  095. 
For  those  of  vitrified  pipe,  and  discounts,  see  pp  575  and  995. 

71.  Tbe  costs  per  lineal  foot  of  culverts,  In  place,  vary  chiefly 

with  the   inbor  cost  of  placing.     


CaMt  Iron 


Dlam  ins. 


G    278) 
to  280) 


^    12   I    18      a4r30T~86^ 

$2.20  3.50i    ..T...'    ...' 
;   2.50,  3.75     ...     . . .  i   . . . ! 


48 


54        60 


G1310) 
G 1329  S 


I  $1.00  I  3.00^4.00  6.00, 7.6oy9.00 1 18.00' 
(Reproduction  estimates)      I  I 


G  1713   (IMpc,  $10/2000  lbs). 


I   3.08, 
(13.80 


O  1714    (Pipe.  $14.50/ton), 
G1714   (Pipe,  $15.80/ton), 


2.5813.14  4.09 
2.09  3.12,4.11 


6.60 
7.01 


Ene-Contr,    1916  May  31,  p  494,,         | 
Highway,  State  of  Washfngton,  2.55 


3.14' 


21.00 ,  25.00 


11.87 


Vltrlfled 


Diam  ins. 


6 


12      18 


Pipe,  net,  at  factory,  approx,  add  freight. 
Culvert,  in  place,  G  278-280,  Mass..  1907, 

contract    prices,  (Labor.  $1.75  to  $2.25) 
G1324,  N  Pac  Ry  in  Wash, 

Reproduction  estimate, 
Eng-Contr,  *13  Feb  6,  o  163, 

Coal  mine  branch 


$0.06;  0.20;  0.40 


0.30 


0.60  1.10 


. .   0.50;  1.30 
. .  !  0.30  0.63 


0.80 


i.ao 
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72.  Corrugated  metal  culverts.  In  place.  6  1324,  1715,  gives: — 
36^  $3.(X>/lIn  f t ;  48",  18  ft  long  (labor  $2.00/day)   $9.80/1111  ft 

For  cost  of  masonry,  see  pages  001,  988. 
concrete,     "         *       988,  1375. 
•*  timber,       "        '•       984. 

73.  Culverts,  of  tnese  materials,  vary  widely,  with  the  design 
and  cross-section,  In  their  costs  per  lin  ft.  Each  structure  should 
he  estimated  for  itaelf. 

Lilne-mlle  cost. 

74.  Line-mile  cost  of  hrldges,  trestles  and  culverts  on  four  west- 
em  lines,  as  follows  : — 

G  1319.  Gt  Northn  in  Washn,  768  line-miles.  Mountainous.  Est'd 
reprodctn  costs; 

G  1329.  N  Pac  in  Washn,  1645  line-miles.  Mountainous.  Est*d  re- 
prodctn costs ; 

G  1374.  Gt  Northn  system,  6635  line-miles.  Chief  Engineer's  esti- 
mate. 

G  1362.  N  Pat:  system,  6875  line-miles.     Chief  Engineer's  estimate. 


Dollars  per 

line-mile 

G1319 

G  1329 

G1374 

G1362 

Trestles, 

18  ft  high 

1670 

1670 

40 
40 

220 
183 

402 

1490 
473 

1963 

2455 

4125 

112 
74 
2 
67 
26 
36 
46 

363 

4488 

1080 
1080 

5 

16 

161 

1S2 

r.9 

87 

1730 
327 

2057 

2385 

3465 

26 

79 

5 

63 

33 

415 

183 

804 

4269 

786 

1315 
2101 

608 

2709 
;; — -zz 

610 
1810 

19  ft  high 

Total,  trestles,   

Howe  and  combination  trusses, 
span   <      GO  ft,    

60  -   100  ft 

100  —   mo  ft 

>    150  ft 

Total,  Howe  and  comb'n,    . . 

Draw  spans,    , 

Miscellaneous,     

Steel  bridges, 
S'Uperstructure,    

Substructure 

Total,  steel  bridges,   

Howe,  combn  and  steel  bridges, . . 

2420 

Culverts, 

Log,    

526 
2946 

Timber.    

Box,    

Concrete,   

Stone  box, 

Vitrified,    

Cast  Iron,   , 

Total,  culyerts,    

Bridges,  trestles  and  culverts,  . . 

i 


75.  On  a  lumber  railway,  7  miles  long,  in  western  Pennsylvania, 
Mr.  Wm.  Barclay  Parsons  found  cost  of  timber  trestles,  of  heights 
'■    A  S  C  B  Trans  1801,  Vert  26, 


up  to  28  ft.  $250/Une*mile  of  road, 
p  122,  a.  1^91. 


Digitized  by\jOOglC 


1112  BAILEOADS 

Oeosraphlcal  Claaslflcatlon. 

70.  Bridges,  Trestles,  Viaducts  and  Culverts. 

$  per  %  per 

line-mile  line-mile 

of  road  of  road 

In  Washington 4662         In  Michigan    1027 

In  Oregon    2655         In  South  Dakota 591 

In  Wisconsin    2510  Northern  Pacific  system     2946 

In  Minnesota    2576  Great  Northern   system     2709 

Primary  Accotuitn  8  to  12*  Inelnslv. 
Track. 

77.  Trackwork  may  be  taken  as  including  I.C.C.  Primary  Ac- 
counts 8  to  12  inclusiv,  as  follows : — 

8.  Ties 

0.  Rails 

10.  Other  track  material  (including  turnovts) 

11.  Ballast 

12.  Track  laying  and  Surfacing. 

Primary  Accoiwta  11  and  8.     Ballast  and  Tlca. 

78.  Ballast  and  ties  may  be  expected  to  cost  as  follows: — 
Ballast,  cts/cu  yd  Delivered  In  track 

Rock    60  to  70         75  to  110 

Gravel  and  sand 20  to  30         30  to     60 

Ties,  cents  each   30  to  00         40  to     80 

79.  Second-liand  ties  may  cost  from  one-third  to  one-half  as 
much  as  new  tlos ;  creosoting,  from  25  to  35  cts/tie ;  other  proc- 
esses, 10  to  20  cts ;  switch  tics,  from  $10  to  $20  per  1000  ft  B.M. ; 
$20  to  $60  per  set. 

80.  Renewing  tie*  may  be  expected  to  cost,  approx, 
in  stone  ballast,  about  20  cents  per  tie : 
in  loose  gravel.  6  to  10  cents  per  tie; 
in  cemented  gravel,  10  to  20  cents  per  tie; 
in  hard  slag,  9  to  15  cents  per  tie. 

81.  Tie  Spaclna:. 
Ties  per  Ties  per  Ties  per 

Dist,  cen  to  cen  30-ft  rail  33-ft  rail  mile 

r     8"  =    V.ft  18  19*/,  3168 

1'     9"  =    'Aft  17Vt  18Vt  3017 

1'  10^  =:  "/«ft  l6Vii  18  2880 

1'  11"  =  -/uft  15"/«  17V«  2766 

2'     ty  =  2  ft  15  16Vi  2640 

2'     1"  =  "/uft  14V«  15«/»  2534 

2'     2"  =  "Aft  18"  A»  16Vit    '  2437 

2'     3"  =    Vift  13V«  14"A  2347 

2'     4"  =    V.ft  12Vt  14»A  2263 

2'     5"  =  »A,ft  12«/«.  137»  2J?5 

2'     6"  =    Vfft  12  18«A  2112 

Primary  Aeeount  9.    Rails. 

82.  IVeislits  of  rails,  in  pounds. 

per  yard;  50  60  70  80  90  100 

per  sinele- 

track  mile ;  176,000  211,200  246,400  281,600  816300  352,000 

Weight,  in  pounds  per  single-track  mile 

=     2    X    1760    X    wt  in  lbs/yd  of  rail. 

83.  Cost.  From  1888  to  1914,  the  price  of  rails,  at  mill,  ranged 
only  betw  $24  and  $32  per  ton  of  2240  lbs,  except  in  1897-8.  when 
it  fell  to  $18.00.  Freight  cost  is  usually  about  %  ct/ton/mlle. 
Second-hand  rails  usually  cost  a  little  more  than  half  as  much  as 
new  rails. 
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Frlmarj^  Acc«iiiit  10.   Otb«r  Trnck  llAteriaL 

84.  Joints  and  fastenlneii. 

IbB/track-mile  cts/lb        $/track-mlle 

An^le  plates,  15,000  to  20,000      ) 

Spikes,  0,000  to    7,000      [    2  to  2^        900  to  1400 

Tie-plates,  25,000  to  35,000      ) 

Bolts  and  nuts,  1,500  to    2.000  2%  to  3         35  to      60 

RaU  braces,  4,500  to    8,750  3to3V^        135  to    300 

1500  to  2500  rail  braces  per  mile  at  10  to  12  cts  each,  8  to  3.5 
Iba.  each. 

Rail  Joints,  $2.50  to  $5.00  per  Joint. 

The  two  angle  bars  together  {see  p823b)  will  weigh  from  20  to 
40  lbs  per  lin  ft. 

Tnmovts. 

85.  Swltehea,  from  $20  to  $30  per  set 

se.  The  cost  of  frogs  Increases  with  the  frog  number  (see  Turn- 
outs and  Crossings,  Part  II,  14). 

RIsid  fross,  Nos  8  to  10.  $20  to  $35  each;  spring-rail  frogs. 
$45   to   $55   each ;   crossing   frogs,   $225   to   $325.      Switch-stands,  i 
$5  to  $10  each. 

87.  Complete  tumovt»  $150  to  $200,  including  ties,  stand,  con- 1 
necting-rods,  rail  braces,  lamp  and  gard-rails. 

88.  Sldinsa*  from  $0.80  to  $1.20  per  lin  ft.  See  costs  of  items, 
ir95. 

Account  12.   Track  Layins  and  Surfacing. 

89.  Track-larlns  Inclades  unloading  the  ties  and  rails,  trim- 
ming earth  to  true  grade,  delivering  and  placing  ties  and  rails, 
curving  and  joining  rails. 

90.  Surfadns  Includes  shoveling  the  earth  in  between  the  ties, 
alining  the  track,  and  tamping. 

For  costs  of  laying  and  surfacing,  see  estimates  of  track-mile 
cost,  H  145. 

Track  Cost  per  mic 

81.  Practically,  each  mile  of  track  requires  its  5280  lin  ft  of 
ballast,  of  ties,  and  of  laying  and  surfacing,  and  its  10.560  lin  ft 
of  rails,  with  their  joints  and  other  fastenings.  Only  the  item  of 
turnouts  is  subject  to  notable  variation,  in  cost/mile,  as  betw  dlff 
lines  of  the  same  general  character;  and  this  item  (see  tables 
below)  is  relativly  insignlflcant ;  its  cost  ranging  usually  betw  only 
1  and  3%  of  the  total  track  cost. 

92.  Hence,  for  given  unit  costs  and  given  construction,  the  track- 
mile  cost  of  track  (given  in  our  tables,  below,  Q  05)  is  practically 
constant;  and  the  Une-mlle  cost  is  practically  =  tracJb-mile  cost 
X  number  of  tracks. 

•S.  Blements  alfectlns  cost.  With  given  material  unit  costs, 
the  track-mile  cost  of  ballast  depends  upon  the  ballast  cross  sec- 
tion; that  of  ties  upon  tie  size  and  spacing  (1(81)  ;  that  of  rails 
and  fastenings  upon  wt/yd ;  and  that  of  turnouts  upon  their  con- 
struction and  upon  the  number  required  per  mile. 

•4*  Increaslni;  cost.  Improvements  in  manufacture  (and  par- 
ticularly large-scale  mfr,  the  consolidation  of  small  plants  into 
larger  systems  under  common  control,  and  increast  effort  for  effi- 
ciency) have  resulted  in  material  reduction  in  unit  rail  costs;  but, 
as  aboye  noted  (f  83),  no  great  and  progresslv  reduction  has  taken 
place  since  1887 ;  and  the  unit  costs  of  the  other  Items  (notably 
that  of  ties,  following  the  growing  scarcity  of  timber)  have  been 
advancing.  Moreover,  increase  in  wts  of  rolling  stock  and  in  car- 
loadings  baye  called  for  increasing  solidity  of  construction.  Hence, 
the  tendency  of  track  cost,  per  track-mile,  is  upward. 
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85.  Table  of  appn»x  c««ts,  deduced  from  eighteen  statemeDts 
given  in  "Cost  Data**,  and  covering  a  total  of  over  48,000  track- 
miles.  Practically  all  of  the  mileage,  here  represented,  la  in  the 
western  United  States.     See  K  96. 


Dollars  per  track-mile 

%  of  total  track  coat 

Primary 
Account 

Probable 

Average 

Max 

Mln 

Max 

Mln 

ArertLgt 

11.  Ballast. 

8.  Ties. 

9.  Rails, 

10.  Joints,  etc, 
10.  Turnouts, 

12.  Laying  and 

surfacing. 

Track 

1200 

2000 

4500 

800 

150 

800 

9450 

500 
1000 
3000 

400 
80 

400 

5380 

800 

1470 

3255 

560 

136 

580 

6800 

13 
22 
60 
10 
3 

11 

7 
14 
40 

7 

1 

6 

12 
21 

48 
8 
2 

9 

100 

1.79        1.02        1.29  per  lin  ft  of  single  track.          | 

06.  Geognraphlcal  Tabulation^  compiled  from  "Cost  Data*'. 
Appi'alsd  track-TaWc  cost.s  for  Ave  Western  Ry  systems  included  lis 
the  summary  of  U  95,  and  having  a  combined  mileage  =  97%  of 
the  total  mileage  of  that  summary.  For  each  Item  (Ballast,  Ties, 
etc)  the  cost  is  here  given  (as  In  1195)  (1)  In  dMIars  per  track 
mile,  and  (2)  as  a  percentage  of  the  total  track  cost  of  the  given 
system. 


) 


I.  C.  C.  Account 

11 

8 

9 

G       State : 

Track- 
miles 

BaUast 
$         % 

Ties 
$          % 

Ralls 

1333     Wis 
1336     Mich 
1347     Minn 
R.R.; 
1862     N.  P. 
1374     Gt  N. 

Totals  &  avs 
Tot  track-miles 
ft  av  costs,  for 
18    statements, 
from  ir  95.           > 

10200 
10882 
10500 

7695 
8116 

47893 

►  48000 

566     10.2 
342       6.7 
896     12.9 

1355     15.4 
1295     13.9 

1095 
1025 
1665 

2070 
2300 

1576 
1470 

19.7 
20.2 
24.0 

23.5 
24.7 

"22^7 
21 

296( 
2634 
314< 

3T2< 
3824 

3182 
3251 

)     53.:i 

>  61.J? 

>  46.2 

)     42.3 
y     41.0 

I     46.8 
S     48 

842     12.1 
800     12 

I.C.C.  Account 

10 

12 

Track 
G        State;  miles 

Joints  ftc 

Turnouts 
$       % 

^V 

k;Surf 
% 

Track 

1333     Wis. 
1386     Mich. 
1847     Minn. 
R.R. ; 

1362     N.  P. 
1374     Gt  N. 

Totals  &  avs. 
Tot  track-mi 
ft  av  costs,  i 
18    statemen 
from  H  95.     : 

10200 
10882 
10500 

7695 
8116 

515     9.3 
353     7.0 
565     8.2 

638     6.1 
910     9.8 

662     8.1 

560     8 

116     2.1 
135     2.7 
132     1.9 

260     8.0 
111     1.2 

328 
602 
508 

860 
860 

610 
580 

5.9 

11.9 

7.3 

9.8 
9.2 

&8 
9 

5580 
5087 
6906 

8803 
9296 

0921 
6800 

47393 
les 
ror 
ts. 
> 48000 

14 
1.1 

7     2.1 

15     2 
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Primary  AccountM  13-15  Incluslv. 
Track  Stmctnreiu 

Prteiary  Accovnt  13.   Rishi-of-war  Fences. 
•7.  Barbed  wire  fence. 

Posts.  Wood  or  concrete,  10  to  80  cts  each.  Usually  15  to  20. 
Spaced  from  10  to  20  ft  cens.     Setting,  5  to  7  cts  each. 

Wire,  2.5  to  3.5  cts/lb. 

Barbd  wire  fence,  complete,  2.5  to  5.5  cts/Un  ft  of  fence. 

08.  Post  and  rail  fence. 

Posts,  6  to  7  Ins  X  2  to  3  Ins,  8  ft  long,  set  3  ft  in  ground, 
6  to  20  cts  each.     Set  at  8  to  9  ft  oena. 

Post  and  rail  fence.  5  to  12  cts/lin  ft  of  fence.  Usual  contract 
price.  In  Mass.,  with  one  coat  white  lead,  15  cts/lln  ft. 

Worm  fences,  7  rails  high,  about  one-fourth  less  than  post-and- 
rail. 

Picket  fence,  painted,  90  cts  to  $1.50/lln  ft.  Saml  Tobias 
Wagner,  Am  Soc  C  E,  Trans,  1913  Dec,  Vol  76. 

99.  Gaa-pipe  ralllniTt  with  cast  iron  posts,  Phlla  &  Reading  Ry, 
Phlla.     Contract  price,  attacht  to  walls,  58  to  75  cts/lln  ft. 

Primary  Account  14.    Sno^  and  Sand  Fences  and  Snowsheds. 

100.  Snow  fences,  from  10  to  20  cts/lin  ft. 

101.  Snow  sbeds  (not  to  withstand  avalanches)  $10  to  $20/lin 
ft ;  for  avalanches,  $4o  to  $70/lin  ft. 

Of  concrete,  Gt  North n  Ry  In  Washn ;  per  Ifn  ft  of  shed ;  8  cu  yds 
cone,  1500  lbs  steel,  $141.     Ry  Age  Oaz,  1911  Jan  13,  p  83. 

Prlntary  Account  15.    Crossings  and  Sl^ns. 

102.  The  line-mile  cost  of  crossings,  cattle-gards  and  signs,  will 
seldom  exceed  $100,  but  may  reach  $200  or  $300. 

Priniary  Accounts  16  to  20^  Incluslv. 
BuUdlnss. 

PrlBMUT  Account  10.    Station  and  Offlee  Bulldinirs. 
Stations. 

103.  Frt,  passr  and  combination  stations,  of  frame  or  brick; 
$1  to  $2/sq  ft  of  ground  coverd,  for  small,  plain  one-story  frame 
or  brick  buildings ;  $8.60  to  $5  or  over  for  larger  and  more  elabo- 
rate structures.    A  second  story  may  add  two-fifths  to  the  cost. 

104.  Columbia  Ave  passr  sta,  Phlla  &  Reading  Ry,  Phlla.  Main 
building,  ornamental,  two  stories,  170  X  150  ft ;  two  concrete  plat- 
forms, 800  ft  long:  umbrella  sheds;  four  baggage  elevators;  total 
cost,  $217,134  =  $8.50/8q  ft.  Three  smaller  and  semi-suburban, 
two-story  passr  stations,  with  tunnels  and  baggage  elevators,  in 
Phila^  $43,000  to  $63,000  each.  Saml  Tobias  Wagner,  Am  Soc 
C  E  Transns,  1913  Dec,  Vol  76,  p  1866. 

106.  Passr  stations.  Average  sisse,  in  towns  of  from  10,000  to 
15,000  population,  on  31  rys,  about  2000  so  ft.  (Comm,  Am  Ry 
Eng   ft  M   W   Assn,    1004.) 

106.  Platforms,  per  sq-ft : — cinder,  5  to  7  cts;  wood,  8  to  12 
cts;  concrete,  10  to  20  cts;  brick,  20  to  30  cts. 

107.  Track  scales,  from  $1200  to  $3000  each,  installed,  accord- 
ing to  size  and  capacity. 

PriBiarx  Account  17.    Roadway-  Bulldlners. 

108.  Section  houses;  $0.70  to  $1.30/sq  ft  of  ground  occupied. 
OUIette.    p    1121,    mentions    five    three-room    frame   section-houses 


i 


("Jap  tonseS"),  *of  very  cheap  construction,  about  $0.50  to  $0.60 
per  sq  ft.  Tool,  hand-car  and  material  store  houses,  $0.25  to 
$0.50  per  sq  ft  .    ooal^ 
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PHmarjr  Aee^vnt  18.     IVater  9tatioii«. 

109.  Water  tanks.  In  place,  complete,  from  $26  to  $50  per  1000 
gallons  storage  capacity. 

For  the  reproduction  cost  of  the  6t  Northn  Ry  In  Washn  <768 
line-milesj,  Mr.  H.  P.  Gillette  estimated  51  water  stations  (one 
eyery  15.1  miles),  at  an  av  of  $2700  each. 

110.  Missonri  Pacific  Ry.  Eng-Contr,  1913  Oct  22,  p  468.  Cost 
to  Ry  Co. 

105,000-gallon  cypress  tank    $1100    =  $  10.50/1000  gals. 
Steel  frame,  etc  1142 

2242 
Labor  834     3076  =  $  29.30/1000  gals. 

Pump-house 

Steam  pump  315 

Boiler  and  fittings  525 

Piping,  etc  767 

Lal»or,  etc  647     2254     $5880  =  $  51/1000  gals. 

54,000^gal  tank  $575     =  $  10.65/1000  gals. 

Steel  frame  795 

1370     =$  25.37/1000  gals. 

Primary  Account  10.     Fuel  Stations. 

111.  A  200-ton  coaling  sta  cost  $8775  =:  say  $44  per  ton. 

112.  For  the  reproduction  cost  of  the  6t  Northn  Ry  in  Washn 
(768  Une-mlles),  Mr.  H.  P.  Gillette  estimated  5  coal  chutes  (one 
every  154  miles),  67  pockets  In  all,  at  $1500  per  pocket 

113.  Fuel  station  of  steel  and  concrete.  Phlla  &  Reading  Rt, 
Phlla.  12  pockets,  to  cover  7  tracks.  Capacity,  2000  tons  coal,  250 
cu  yds  ashes,  8  cu  yds  dry  sand.     Contract  price : — 

Building,  drainage,  etc.  $48,090 

Coal-handling  machinery  22,200 

Ashes  and  sand     "     '*  10,860 

Sundries  15,820 

Total,  $96,970  =:  $48  per  ton  of  coal 

capacity.  Including  water  supply,  duplicate  machinery  thruout.  and 
electric  power.  Saml  Tobias  Wagner.  Am  Soc  C  B  Trans,  1913 
Dec,  Vol  76,  p  1877. 

See  also  Yards ;  Coal  pocket  yards,  H  124. 
Primary  Account  20.     Shops  and  SSnurlu-kouscs. 

114.  Engin-houscM,  per  stall ;  frame,  $900  to  $1500 :  brick  or 
eonc,  $1300  to  $2000.  To  total  cost  of  engin-bouse,  so  found,  add 
from  50  to  100%,  to  cover  turntable  (see  ll  115),  cinder-pit,  etc. 

115.  TnrntablcM.  Table  alone;  of  plate  girders,  70  to  85  ft 
long ;  deck,  $2000  to  $4500  each ;  for  thru  and  half -thru  plate  gird- 
ers, add  40  to  60%.  Foundations  (very  variable),  $2000  to  $5000. 
Electric  motor,  $900  to  $1200.  Total,  In  place,  ready  for  service, 
$6000  to  $10,000.     See  also  Transfer  Tables,  ^  119. 

lie.  Bfacklne  and  Repair  shops.  Frame,  $0.50  to  $1.00/aq  ft. 
Brick,  one-story,  $1.25  to  $1.50;  two-story,  $2.00  to  $2.50/sq  ft. 
Repair  shed,  $0.25/sq  ft. 

117.  A  complete  set  of  shops,  of  brick,  for  the  thoro  repair  of 
about  20  locos,  and  of  the  corresponding  number  of  passr  and 
®t^®^  cars ;  with  smith  shop,  foundry,  car-sbop,  boiler-shop,  copper 
and  brass  shop,  paint  shop,  store  rooms,  lumber  shed,  offices,  etc^ 
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completely  fnmiBht  with  power,  lallieB,  planing  machiues*  scales,  and 
all  other  necessary  tools  and  appliances,  say  $100,000  to  $150,000, 
exclusiv  of  ground.  A  large  yard,  of  at  least  an  acre,  should  adjoin 
the  buildings.  A  moderate  establishment,  for  the  repair  of  a  few 
locos  only,  $30,000  to  $40,000. 

118.  A  set  of  car  shops  for  the  Wabash  Ry,  at  Decatur,  111., 
7.906,  cost  $368,000.     O  1147.     It  Included 

Car  shop,  S8  X  464  ft,  at  2.7  cts/cu  ft ; 

Blacksmith  and  machine  shop,  80  x  294  ft,  at  3.0 

Storehouse,  with  2-story  office,  40  X  464  ft  at  5.5 

Wood  mill.  80  X  238  ft,  at  2.9 

Cabinet-makers*  shop  40  X  350  ft,  at  4.5 

Power  house,  60  X  108  ft,  at  3.4 

Bflvcellaneoiis. 

119.  Tranjifcr  tables,  $1000  to  $2000  each.  See  also  Turn- 
tables, V  115. 

120.  Ash  pita,  $10  to  $20  per  lineal  foot. 
PrintaiT  Accoant  44.     Shop  IHachlaery. 

121.  Machlacry.  A  comparison  of  five  locomotiv  repair  shops 
showd  costs  of  shop  machinery  ranging  as  follows : — $650  to  $950 
per  machine;  $450  to  $850  per  loco  handled  per  year;  $1.10  to 
$8.00/sq  ft  of  ground  co^erd  oy  buildings. 

YardM. 

122.  Freight  yards i  elevated,  with  concrete  retaining  walls. 
Prices,  exclusiv  of  track  work. 


Master  St. 

Berks  St. 

York  St. 

Capacity,  cars. 
Contract  price,  total, 
per  car, 

66 

$97,868 

1480 

55 

$70,350 

1,280 

104 

$67,059 

644 

123.  Car-eleanins  yards i  including  service  building,  car  repair 
Qd  paint  8' 
track  work  i 


and  paint  shop,  power-house  building  and  piping;  but  exclusiv  of 
\  ana  mechanical  equipment.     See  If  124. 


124.  Coal-pocket    yards.    Including    stables,    paving,    drainage, 
etc.      (See  also  Fuel  Stations,  IT  111.) 

Car  cleaning  yds  Coal  pocket  yds 

Capacity,                               230  Cars  20,000  Tons           1,170  Tons 

Contract  price,  total,          $53,327  $273,578                 $42,884 

per  unit.          $232  $14                         $37 

Phila  &  Reading  track  elevation,   Phlla.   Sam'l  Tobias  Wagner, 
Am  Soc  C  E  Trans,  1913  Dec,  Vol  76,  p  1874. 

For  Primary  Account  21,  Grain  elevators, 

"  "  **  22,  Storage  warehouses, 

•*  "  "  23,  Wbarvs  and  docks, 

**  "  "  24,  Coal  and  ore  wharvs, 

see  table  of  line-mile  costs,  H  129. 

Primary  Account  26. 

Telegnraph  and  Telephone  Lines. 

125.  Poles,  $1.50  to  $3.00  each.     Galvanized  iron  wire,  4   to  5 
cts/lb. 

12«.  Single-wire  line,  $100  to  $200/mile  of  wire. 
127.  Estimated    reproduction    costs.    In   Washington.      H.   P.   Gil- 
lette.    Gt  Northn,  $74/iine-mlle ;  N.  Pac.  $151/llne-mile. 
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Pxintary  Aeeomit  27.     Slffsala  and  Interloekers. 

128.  Average  Interlocking  signal  plant,  $8,000,  incladin^ 
over.  4  derails,  4  high  sigs  and  6  dwarf  sigs.     G  1287. 
See  also  Signals,  p  903. 


129.  Tabulation  of  Costa  of  Stractnres  in  | 

per  line-mile. 

Ref 

1310 

O 
1321 

G 

1332 

G 
1334 

G 
1336 

G 
1347 

G 
1362 

G 
1374 

Total 
MU^ge 

Oreg. 

RR  or 

Gt.N. 

N.P. 

RR.& 

Wis 

Mich 

Minn 

N.P. 

GtN. 

&av 

State 

Wash 

Vash 

Nav 

Sys 

Sys 

eoats 

Line-miles 

768 

1645 

500 

7000 

7818 

7596 

5875 

6635 

37922 

Item  No.  t 

16 

20 

18,  19 

1813 
834 
306 

971 
666 
245 

305 
165 
218 

553 
548 
255 

526 
276 
132 

796 
916 
306 

1138 
675 
448 

495 
550 
390 

720 

294 

21-24 

35 

13 

952 

261 

87 

636 
717 
166 

112 
260 
255 

672 
253 
227 

911 
110 
363 

853 
427' 
200* 

780 
312 
116 

645 
369 
115 

75S 
412 
211 

26,  27 

44 

14 

Total 

61 
196 
245 

3765 

153 

179 

79 

3812 

78 
46 
50' 

1489 

123 

242 

50' 

2923 

97 
142 

50* 

2597 

269 

241 

60' 

272 

186 

92 

390 

270 
112 

3336 

214 

211 

73 

4048 

4019 

3473 

) 


For  GENERAL  ACCOUNT  II.    EQUIPMENT. 
See  UK  132,  etc. 


GENERAL  ACCOUNT  III.     GENERAL  BXPBNDITUBSS. 

130.  Under  this  head  may  be  clast  snch  expenses  as  that  of 
effecting  company  organization,  inclading  necessary  legislation  ;  that 
of  obtaining  a  certincate  of  public  convenience  and  necessity  (re- 
quired in  some  states)  ;  that  of  obtaining  local  franchises  and  con- 
sents; that  of  compensation  to  "promoters"  (an  item  subject  to 
grave  abuse)  ;  and  those  connected  with  the  issue  and  marketing  of 
stocks  nod  bonds,  including  ofQcial  anthorization,  and  dlaoount  upon 
those  securities  which  must  be  sold  below  par.  Their  total  TarJes 
widely.  Mr.  Walter  Loring  Webb  ("Railroad  Construction".  1905. 
p  394)  says: — "It  has  been  estimated  that  about  2%  of  the  railway 
cnpital  of  Great  Britain  has  been  spent  in  Parliamentary  expenses 
over  the  charters." 

*As8umed  for  our  table, 

fltem  No.  Item. 

16,  Stations. 

20,  Shops  and  engin  houses. 

18, 19,  Water  and  fuel  stations. 

21-24,  Docks,  wharrs.  warehouses,  stock  yds,  grain  elevators. 

35,  Miscellaneous  buildings. 

13,  Fencing,  etc. 

26,  27,  Telegraph,  telephone  and  signals. 

44,  Shop  machinery. 

14,  Snow  and  Ice  protection.  ^  j 
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Prlnary  Aecoanta  78  (Law)  and  76  (Interest  during  construc- 
tion.) 

131.  In  BtatementR  of  actual  cost,  the  item  of  interest,  plus  legal 
expenses,  usually  ranges  between  2.5  and  5%  of  the  total  construc- 
tion cost  excluslY  of  rolling  stock ;  but,  in  estimates,  valuations  and 
appraisals,  the  estimators,  by  assuming  long  periods  of  non-re- 
inunerativ  conditions,  sometimes  arrive  at  much  higher  figures.  Thus, 
in  the  case  of  the  (>t  Northn  Ry  System.  G  1374,  where  the  cost, 
exclusiv  of  equipment,  amounted  to  $56,330/line-mile,  the  Chf  Engr 
estimated  Interest  at  $5690  per  line-mile,  and  legal  expenses  at 
f(563/line-mile ;  total,  $6253/liiie-mlle. 

OBlfBRAIi  ACCOUNT  II.    BQUlPHBHrT. 

Primary    Accounts    51    (Steam    Locomotlvs)    and    53,    54,    57 

(Freight-train  and  Passenger-train  cars  and  Work  Equipment.) 

132.  liOcomotiT  and  tender  (7  to  9  cts  per  pound) 
Passenger  and  switching-,  $10,000  to  $12,000  each 
AUantic  type,  and  freight-,  $15,000  to  $17,000    " 

138.   Cars 

Pullman-,  $12,000  to  S15,000    ** 

Passenger-,  $  6,000  to  S  8,000    " 

Baggage-,  $  4,000  to  $  5,000    " 

Freight-.  $      600  to  $      700    " 

134.  C?osts  per  llne-mile»  etc. 


T>lne- 
Mlles 

$  per  liif^mile                | 

Cars 

Total 

Locos 

Pssr 

Frt 

Work 
&c. 

Locos 
Acars 

G  1317  Spokane  Falls, 
G  1314  Gt  N,  Wash,  repr, 
G  1330  N.  P.,  Washn,  repr 
G  1317  Gt  N  Sygtem, 
G  1829  N.  P.  System, 
G  1335  Wisconsin,  Pence, 
G  1336  Michigan, 
G  1847  Minnesota, 

131 
768 
1645 
6635 
5876 
7090 
7813 
7596 

37,553 

546 
1740 
2243 
1512 
2210 
1625 
1155 
2250 

1750 

256 
930 
972 
614 

864 

750 

2408 

872 

1126 

528 
3030 
3444 
3070 
3650 
4363 
2527 
6175 

125 
260 
319 
224 
324 
127 
90 
175 

1465 
5960 
6978 
5415 
7048 
6865 
6180 
9472 

6985 

Total  mileage, 
Average  costs. 

3920 

189 

Line- 
miles 

%  of  total  rolling  stock  cost     | 

Locos 

Ctars                   1 

Pssr 

Frt 

Work 

G  1317  Spokane  Falls, 
G  1314  Gt  N,  Wash,  repr, 
G  1330  N.  P.,  Washn,  lepr 
Q1317  GtN  System, 
G  1329  N.  P.  System 
G  1335  Wisconsin,  Pence, 
G  1336  Michigan, 
G  1347  Minnesota. 

Total  mileage, 
.Average  costs. 

131 
768 
1645 
6635 
5875 
7090 
7813 
7596 

37,553 

37.4 
29.2 
32.1 
27.9 
31.4 
23.7 
187 
23.7 

25.0 

17.6 
15.6 
13.9 
11.3 
12.3 
10.9 
39.0 
9.2 

16.1 

36.4 

50.8 
49.4 
56.7 
52.0 
63.6 
40.9 
65.2 

56.2 

8.6 
4.4 
4.6 
4.2 
4.3 
1.8 
1.4 
1.9 

2.7 

( 


For  GENERAL  ACCOUNT  III.     GENERAL  EXPENDITURES 
See  fH  ISO.  131. 
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TOTAI.  COSTS  PER  MIUBS 

Property  IiiTeatmeiiti 

138.  From  the  Interstate  Commerce  Commission**  27th  Aniiiial 
Report  on  the  Statistics  of  Railways  In  the  United  States,  for  the 
year  ended  Jnne  30,  1914.  Washington,  1915,  Statement  No.  44  A. 
pp63-4,  we  dedace  the  fallowing  data  respecting  "property  InTcst- 
ment"  in  "road  and  equipment*  for  the  roads  represented  In  the 
statement 

Class    I.     Roads  having  annl  operating  reyennes   >   |1«000,000; 
Class  II. 

from  $100,000  to  $1,000,000. 

FV>r  definitions  of  eastern,  southern  and  western  districts,  see 
Fig.  2.  ^ 


Class  I                                     1 

Eastern 

Southern 

Western 

Tot  u.  a 

Track-miles 
Property  investment, 
$  per  track-mile; 

32,121 
138,000 

33,418 
67,000 

106.964 
61,700 

171.908 
77.000 

Class  II 

Tot  Op*g 

Non-op*g 

u.a 

Track-miles 
Property  investment. 

$   per   track-mile; 

18.367 
43,300 

180,870 
73,800 

37.584 
76,000 

227,404 
74.200 

136.  For  the  Hn«-mlle  property  investment  of  the  189,870  opermt- 
Ing  track-miles  represented  in  the  foregoing  statement,  we  have 
(sec  Statistics  of  Rys  in  U.  S.,  pp  12  and  13)  : 

Total  track-miles  operated  in  U.  &        387,208 

=  =  say  1.5 

Total  line-miles  operated   In   U.    S.  256.547 

Hence 

Hne-mile  property  Investment  =  1.5  X  $73,800  ^  |^llQ,,7pO, 
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137.  Funded  Debt.  The  funded  debt  (1014)  of  the  aass  I  and 
Class  II  roads  and  their  nonoperatlng  subsidiaries  (a  total  of 
243,790  line-miles),  as  given  on  p  32  of  "Statistics"  for  1914, 
amounts  to  $11,566,541,553,  or  $47,400  per  line-mile.  Assuming 
(see  V  136)  1.5  track-miles  for  each  line-mile,  we  have:  F\indvd 
debt,  per  track-mile  =  $47,400/1.5  =  $31,600. 

Total  constm  eoats*  per  lliic*iiille  St  per  traek-ndle. 

1S8.  The  following  table  indicates  (mostly  in  round  numbers) 
the  range  of  total  construction  costs  (including  right-of-way,  un- 
less otherwise  stated)  per  line-mile  and  per  track-mile.  The  track- 
mile  costs  are  lower  tnan  would  be  those  of  single-track  lines  of 
the  same  character. 

Dates  given  ("E-C,  1907  Jun  26,"  etc)  refer  to  Engineering- 
Contracting. 

For  characteristics  of  lines,  see  list  of  Gillette  data,  If  21. 

Tot.constm  cost 
in  $/mile  of 

line  track 

6  1336;  F>-C,  1907  Jun  26.  Steam  rys  of 
Michigan.     Estimate,  1900.  18,161         13,050 

G  1347 :  E-C,  1009  Mar  8.  Rys  of  Minnesota. 
Reproduction  cost.  44,700         32,500 

6  1336 ;  EC,  1907  Jun  26.  Rys  of  Wisconsin. 
Appralsd,  1903-4.  22,000         15,800 

G  1334 ;  B-C,  1910  Jan  19.  Rys  of  Wisconsin. 
Appraised,   1907,  27,600         19,200 

G  1374 ;  EC,  1908  May  6.  Gt.  Northn  system. 
Estimate  of  reproduction  cost  56,500        46,100 

G  1303-1319 ;  E-C,  1009  Dec  8.  Gt  Northn  Ry 
lines  in  Washn, 

G1303;  Original  cost,  44,412         41,000 

G1310;         "  *'       plus  improvements,  40,848         40,000 

G  1319 ;  Reproduction  cost,  66,753         53,600 

G 1307 ;  Spokane  Falls  &  Northn  branch. 
Estimated  constrn  cost,  17,000         14,500 

G  1308 ;  Washn  ft  Gt  Northn  branch.  36,500         33,300 

G  1306 ;  Fairhaven  Southn  branch.  Original 
constrn,  22,565         

G  1362 ;  E-C,  1908  Apl  15.  Northn  Pac  sys- 
tem. Appraisal.  (Right-of-way  =  $18,344/line- 
mile),  59,514         45,800 

G  1321 ;  E-C.  1910  Jan  12.  Northn  Pac  Ry 
lines  in  Washn.  Original  cost  plus  improve- 
ments, 38,895         29,000 

G  1329 ;  Reproduction  cost.  Mr.  Gillette's 
estimate,  54,277         40,600 

G  1353 ;  EC,  1907  Jul  24.  Chicago.  Mil- 
waukee ft  St.  Paul  Ry  in  S.  Dakota,  14,726         13,650 

G1331;  Oregon  R  R  ft  Nav  Co's  lines  in 
Washn.  Original  cost  (including  betterments 
undistributed),  26,319         23,200 

G 1382 ;  Estimate  of  reproductn  cost,  27,122         23,900 

G  1291 ;  Branch  of  St.  Louis  Southwestern 
By  in  Texas.     Excluslv  of  land,  17,320         15,400 

G  1289 ;  Winchester  ft  Beattyvll  RR  in  Ky.         12,200         10,850 

G1290:  Lumber  ry  in  northwestern  Penn.  P»0ft4^^,^  0,004 
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139. 


nerelal   -vmhten,    and    ▼aluatlons    for 


per  mile  of  single  track,  as  determlnd  by  the  I.C.C. 
Bulletin  21 ;  Tables  1  and  2 ;  1902-1905. 


See  also  top  of  next  pa^e. 


) 


Alabama, 

Alaska, 

Arizona, 

Arkansas, 

California, 

Colorado, 

Columbia   (Dist), 

Connecticut, 

Delaware, 

Florida, 

Georgia, 

Idaho, 

Illinois, 

Indn  Terr, 

Indiana, 

Iowa, 

Kansas, 

Kentucky, 

Louisiana, 

Maine, 

Maryland, 

Mass., 

Michigan, 

Minnesota, 

Mississippi, 

Missouri, 

Montana, 

Nebraska, 

Nevada, 

New  Hampshire, 

New  Jersey, 

New  Mexico, 

New  York, 

North  Carolina, 

North  Dakota, 

Ohio. 

Oklahoma, 

Oregon, 

Pennsylvania, 

Rhode  Island, 

South  Carolina, 

South  Dakota, 

Tennessee, 

Texas, 

Utah, 

Vermont, 

Virginia, 

Washington, 

West  Virginia, 

W^isconsin, 

Wyoming, 


Miles  of 

single 

track 

4,669 

28 

♦     1,751 

4,126 

6,263 

4,976 

32 

1,018 

336 

3,556 

6,305 

1,462 

11,623 
2,532 
6,918 
9,859 
8,811 
3.253 
3,899 
2,022 
1,421 
2,119 
8.660 
7,811 
3.480 
7,711 
3,267 
5,821 
987 
1,276 
2,278 
2,505 
8,297 
4,075 
3,191 
9,197 
2.611 
1,737 

11,023 

212 

3,175 

3,047 

3.481 

11,848 
1,780 
1,063 
3,932 
3,356 
2.837 
7,049 
1.248 

213.932 


Commercial 
Value  $ 

32,200 
8,600 
39,000 
30,200 
56,000 
39,950 

174,300 

103,500 
51,500 
22.500 
24.800 
62,900 
69.300 
31.400 
54,250 
35,000 
40.500 
47.850 
31.600 
39.600 
93.100 

118,000 
32,100 
59,800 
31.000 
40.200 
60.100 
45,200 
44.300 
62,400 

146,400 
34.500 

108.300 
27,800 
38.700 
74,900 
30.000 
43.600 

128.900 

121.400 
23,800 
16,300 
37.700 
20,100 
50,800 
35.200 
53.800 
54,500 
71,000 
40,400 
80,400 


Valuation  for 
assessment 

for  taxation 
purposes 

11,550 

3.810 
8.410 

14.900 
9.960 

77.800 
118,300 

6.150 
10,000 

6,920 
36.600 

24.000 
5.850 
6.800 

23.800 
7,400 


22.700 

8.570 
12.670 
11,230 

7,920 

14,000 

17,800 

101,700 

3,400 
27.700 
17.100 

6.930 
14,600 

4.560 


74,700 

9.280 

4,700 

16.900 

8.020 

11,600 

25.700 

16.100 

7.770 

10.100 

30,900 

6,000 


52.600,  , 
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*'By  'Commercial  value*  Is  meant  the  estimate  placed  upon  the 
worth  of  a  property  regarded  as  a  business  proposition."  p  8.  "An 
effort  was  made,  also,  to  test  the  results  submitted  in  this  report 
("Commercial  value")  by  the  formal  or  Implied  valuations  of  rail- 
way properties  made  by  state  officials."  ("Valuation  for  assess- 
ment*'), p.  13.    Prom  Census  Bulletin  21. 

See  "The  Valuation  of  Public  Service  Corporation  Prop- 
erty," by   Henry  Earle  Rlggs,   Am  Soc  C  E,  Trans,   1011 
June,  Vol  72,  p  15,  Table  1. 
140.  Costs  per  mile  of  nvmt   elajRs  RIU.     The   following  fig- 
ures of  cost  per  mile  of  first-class  railroads  are  condenst  and  classi- 
fied from   R  R  Gaz  of  1906.     They   include  preliminary   surveys, 
clearing  right  of  way,  grading,  roadbed,  ties,  rails,  ballast  and  side 
tracks,  in  shape  for  operation,  but  not  real  estate,  stations,  rolling 
stock  and  signals.    «  =  single  track,    d  z=  double  track. 

Six  first  class  railroads  In  eastern  U.S.,  with  steel  bridges,  con- 
crete abuts  and  piers,  80-Ib  rail,  and  stone  or  };ravel  ballast. 
Year         Miles  of       $  per 
built       line    sid*gs  line-mile         Conditions 

1902  9.06  6.45  26,300  River  line.  Considerable  bill-side 
cut  &  fill  In  earth  &  loose  rock. 
Culverts,  C  I  pipe  &  cone.  No 
tunnels.    Few  bridges. 

1903  15.77  8.61  37,014  River  line.  Heavy  side-hill  work, 
earth  and  loose  rock.  3  river 
crossings. 

C      1901     30.08     6.64     60,628       River  line.    Sinuous  alinement.    3 

crossings   of  river   300-500*   wide. 

4  tunnels  =  1.33  miles  total. 
D     1003       3.60    0.00     76,336       Detour  ar*d  city.     Sand  and  gravel. 

Heavy  work  at  4-track  R  R  cross- 
ing. Highway  crossings.  2  deep 
ravines. 

E     1899       1.57     0.00  105,186       Connection    betw    2    main    lines. 

4-track  R  R  crossing.  Highway 
crossing.  Heavy  embankments. 
Extensiv  bridging  &  grade-changes. 

F      1898     11.00    0.00     50,000       Detour  nr*d  city.    4  overhead  and 

5  nnderhead  triink-Iine  R  R  cross- 
ings. Heavy  cuts  &  fills ;  long 
hauls.   3  stream  crossings. 

First  class  branch  line  in  Texas : 

1903  12.13     1.52     19,649       75-lb  rail.   Mostly  tangent  on  level 
to  a  ridge.    R  R  crossing.    Few  open- 

1904  ings.  No  side-hill  cuts.  Consider- 
able fill.    Earth ;  some  loose  rock. 

Through  trunk-line  work,  east  of  Chicago. 
A      1903     10.72     ....     78,000       Low-grade    line;    85-lb    rail;    2/3 
a  excavated    In    rock ;    1/3    clay    & 

loam. 
B     1903       4.10     2.35     40,700       Ohio.   Mine  branch.    Earth  &  solid 
a  rock.      Ravine    crossing;     Single- 

track,  timber-lined  summit  tunnel, 
475'  long ;  pipe  culverts ;   timber  ' 
trestles. 
C  1903-4     12.48     0.50    40,000       W  Va.    Bituminous  coal  country. 

a  River  to  river ;  crossing  summit. 

D  1902-3       8.10     ....    154,000       W  Va.    Cut-off.    Tunnel  4120' long. 
d  0.3%  grade  eastbound  ;  0.8%  west- 

bound. 
E  1908-5     51.84  25.00  100,000       Ohio.      Low-grade     line.      Heavy 
d  grading  &  masonrv.    Grade-cross- 

ings generally  avoided. 
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141.  Eng  News,  1909  Dec  2,  p  623,  reprints,  from  Archlr  m 
KisenbabnweBeii,   a   table  from   wblcb   we   select   tbe  following: 

"Construction  capital" 

in  millions  $  per 

Date  Miles*  of  dollars  mUe* 

Europe  1904-1908t  181.893  23.588  130.000 

Germany                   1907  35.058  3,840  108.500 

France                      1905  28,973  3,620  122,000 
Ot  Britain 

&  Ireland              1904  22,630  6,085  271.000 

Canada  1907Jun30  22,447  1,295  58.000 

Cuba                              1905  1,534  66  43.100 

Track  Ejlevatlon.  • 

142.  In  1907  to  1911.  tbe  Pbiladelphia  &  Reading  Railway 
Co.  eliminated  grade-crossings  on  its  line  betw  Green  St  and  Waynr 
June.  Philadelphia,  4.3  line-miles.    The  work  included 

3,365  ft  of  4-track  steel  viaduct,  27,180  tons, 
11  signal  bridges. 
67,500  cu  yds  third-class  masonry  in  retaining  walls, 
151,800       '*       concrete  "        in  abuts  and  walls 

430,400        "       embankment. 
4,322,000  ft  lumber  in  temporary  trestles. 

16  stations   and   other   buildings    (including   Columbia   Are 
station,  H  104,  costing  |217,134), 

30.1  miles  of  permanent  single  track, 
46  industrial  connections  reconstructed, 
7  miles  telegraph,  telephone  and  electric  light  conduit, 
139,620  cu  yds  excavation  for  street-grade  changes, 

18,306  feet  of  sewers,  $276,679, 
104,312  sq  yds  of  street  driveway  and  sidewalk  paving. 
The  total  estimated  cost  was  $7,659,740,  or  say  =  $1,785,000  per 
line-mile  =  $255,300  per  track-mile. 

Sam'l  Tobias  Wagner,  Am  Soc  C  E,  Trans,  1913,  Dec,  Vol  76. 

Elevated  and  Subway  RRs. 

143.  elevated  railroads.     Per  mile ;  total. 

G  1376-1379.  New  York  and  Brooklyn.  Double-track,  exdusir 
of  equipment,  $300,000  to  $350,000  per  double-track  mile.  (No 
real  estate  cost.) 

144.  Subway. 

G  1392.  New  York.  A  half-mile,  double-track,  cost  the  contrac- 
tors about  $800,000,  made  up  approx  as  follows : — 

Earth  excavation    410,000 

Rock             ••            5.000 

Concrete    90,000 

Steel    120,000 

Underpinning,    etc    125,000 

Other  items  60,000 

$800,000 
For  itemized  and   total  cost  per  mile  of  surface  electric  lines, 
see  II  146. 

•Whether  line-mlles  or  track-miles  is  not  stated, 
flncludes  Netherlands,  1897,  with  1658  miles,  $138  million. 
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146.  Snrfaee  electric  nUUroada.  The  dlMreponclefl,  betw  the 
otnls  of  the  foUowlqg  statements  and  estimates,  are  explalnd  partly 
ty  the  wide  diffs  betw  the  given  per-mile  costs  of  certain  items,  and 
>artly  by  the  omission,  from  some  of  the  statements  and  estimates, 
>f  items  included  in  the  others.  The  more  important  of  tiiese 
>mitted  items  are  noted  beiow.  Owing  to  diffs  of  classification 
>etw  the  several  authors,  we  have  been  obliged,  in  some  cases,  to 
resort  to  assumption  in  proportioning  the  costs. 

Q  1417.  First-class  third-rail  suburban  line,  62.5  miles  long,  of 
which  6.6  miles  were  laid  in  city  streets.     Ezclusiv  of  real  estate. 

G  1418.  Estimate.  Interurban  trolley  R  R,  based  upon  experience 
in  New  England  in  1902.  ExdnaiTe  of  buildings,  power  and  equip- 
ment. 

O  1419.  Third-rail  line.  (The  total,  for  an  otherwise  similar  trol- 
ley line,  was  $882  less  per  line-mile).  ExcIusIt  of  land,  arading, 
bridges,  trestles  and  culverts.  "Electric  Railways,**  by  Sydney  w. 
Ashe,  1907. 

G  1438.  ESrtlnate.  8  miles  of  double-track  trolley  line.  Bxclusiv 
of  grading,  bridges,  trestles  and  culverts.  "Street  Railways,**  by 
C.  B.  Falrchild.  1^2. 

O  1440.  Estimate.  Max  cost  of  4-track  third  rail  suburban  R  R. 
Exclusiv  of  engineering.  "Electric  Railway  Economics,"  by  W.  C. 
Oottschall.  1903. 


Dollars  per  single-track  mile           | 

Primary  accounts 

G1417 

G1418 

G1419 

G1438 

G1440 

1  Engineering, 

1000 

600 

1000 

1000 

2  Land  for 

transpt'n  purposes, 

1000 

2088 

20000 

3  Grading, 

1536 

7280 

6000 

6  Bridges,  trestles 

and  culverts. 

2481 

2350 

12000 

8  Ties, 

1540 

1426 

1980 

1267 

1848 

9  Rails, 

3600 

3466 

3819 

7000 

5100 

10  Other  track  material. 

965 

686 

1000 

800 

11  Ballast, 

1856 

1500 

1760 

2376 

4125 

12  Tracklaying 

and  surfacing. 

725 

1056 

600 

1584 

1650 

13  Right-of-way  fences. 

280 

640 

467 

16  SUUoQ  ft  offc  bldgs. 

212 

226 

'JO  Shops  ft  enrinhouses, 
44  Shop  machinery* 

384 

4834 
1417 

26  Teleg  ft  teleph  lines. 

144 

400 

150 

27  Slgs  ft  interlockers. 

560 

1600 

600 

29  Power  plant  hidgs,     \ 
45       "        "      mach*y.  ( 

3144 

8275 

20791 

18000 

30       "     Bubstabldgs,      1 
46       "         "       apparat,) 

1482 

3000 

81       "     transm*n  systs, 

1232 

1100 

1404 

560 

2500 

32       "     distrlb         "     . 

3209 

2200 

2600 

1130 

7000 

33       "     line  poles  ft  flxtrs. 

650 

450 

1607 

86  Pavhig, 

14079 

Other  items. 

Permanent  constrctn. 
Equipment : 
54  Pau'r-train  cars. 

4680 
28980 

270 

2304 
24534 

1500 

4400 

26173 

62028 

82623 

2440 

5500 

12437 

8000 

57  Work  equipment, 
Perman*t  constrn  ft  eq*p*t. 

1442 

81420 

26173 

30034 

75907 

90623 

i 


For  total    per-mlle   costs   of   elevated    RRa   and   subways,    see 

n  148,  144.  Digitized  by  LjOOgle 
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EAILKOAD  STATISTICS 

Table  1.    In  the  United  States. 

(From  Reports  of  the  Interstate  Commerce  Commiasum.) 
Claw      I.  Roads  baring  an'l  op'g  revenues  over  fl.OOO.MO;  ,^^-^. 

rin«    11        "  '*         "       "  from    ilOO.OOO  to  $1,000,OW, 

Class  in.       "  "        "      "  "     J«ss  than  $100,000. 

For  years  ending  June  30      1900  1991  CimSal 

Plant  "^"^ei 

Line-miles  built  in  one  year. 4.051  5,588  ♦tg-jU 

Line-miles  in  op'n  at  end  of  year.  192,556  227,455  .|U'jJ| 

Track-miles  in  op'n  at  end  of  year  258,784  327,975  3J»,ii3 

Rolling  stock  in  operation ,        .» 

Number  of  locomotives 37,663  55.388  ^^^^^i 

&II 

Number  of  passenger  cars 34.713  43,973  •39.859 

••    baggage,  express  and  •ttiW7 

postal  cars iJ,w 

"          "    ''1S:   .r!'....'^"    1.416.125         2.082,621       -^2^.356 
"  **    unclassified  cars    *^^'^ 

Classes  I 
11  &  III 
"    all  cars   1,450,838        2,126,594       •2,515.629 

Oonstraetlon    Cost    of   Rood  ^jf??^ 

and  Eqrnlpment*  *  "«„ 

Total,  in  millions  of  dollars. 10,263             13.030          ,M6,9r 

No.  of  line-miles  represented 181,437           210.793            235,^ 

Cost  per  line-mile,  f..... 56,567             61,816              71,7/w 

ClsasesI 
Operation  For  One  Year.  *  V^,» 

?SS"'^f'?A"?''''"-'''^'""— '    "W"     ».«wi9     ..JJtfi 

Gross  earnings  from  operation, t. .. 

per  line-mile • --  ,  U,*  x476 

."      all   sources,   i 7,722  11,383  12.3W 

s:J«rt«•^Kt^*    S:So1?     «      S:g 
??i?'=r-^1o{^fSSiS?::     ?:|f|      Sg      Jg 

Other  eamfngs  ^  total  earnings  0.0245  0.020O  O.O^M 

Tot  earn's  -5-  const  &  equipt  cost  0.1365  0.1841  Q.I7^ 

Expenses,  per  line-mile,  $. . .......  4,993  7,687  8,944 

Expenses  -^  constr  &  equipt  cost. . .  0.0883  0.1244  0.12W 

Expenses  -i-  gross  earnings 0.6465  O.WW  u./^^ 

Net  earnings  per  line-mUe,  $ 2.729  3.696  3^^ 

Net  earnings  -h  const  &  equip  cost  0.0483  0.0598  0.04» 

"Excluding  switching  and  terminal  companies. 

|?r^'t"^SG^o^S.^fng" -IS^'i.  C.  C.  report,  for  1900  «.d  1907.  »d 
as  "Operating  Revenue"  in  I,  C.  C.  report  for  1914. 
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Table  2.    Class  I  Roads  in  the  United  States,  by  Districts, 

1914. 

Am^rcgates  of  such  of  the  reports  of  Class  I  roads  as  were  considered 

sufficiently  complete  for  inclusion. 

Class  I  roads  are  those  having  an'l  op'g  revenues  over  $1,000,000. 

Eastern     Southern     Western 

District       District       District  Total 
Plant. 

Lineiniles  in  operation 32,121          33,418        105,964  171,503 

Construction  cost  of  road  and 

equipment,  per  line-mile,  $  133,941  64,135  60,205  74,781 
Operation  For  One  Year. 

Gross  cam's  per  line-mile.  $         22,195          11,074           9,632  13,157 

Expenses  per  line-mile,  $...          16,801            8,038            6,539  9,479 

Expenses  -i-  gross  earnings. .          0.7570         0.7258         0.6789  0.7205 

Table  8.    Items   of   Operatlnip   Expenses   for   Maintenance   and 

Operation  of  Class  I  Railroads,  for  year  ending  June  30,  1914. 

Condenst  from  Report  of  Interstate  Commerce  Commission  for  1914, 
Statement  No  42  A,  pp  59-60. 

Compare  Train  Operation  Cost,  p   1082. 

Average  line-mileage  operated*  225,445.43. 

$  per  Per  cent 
Total  $          line-mile     of  total 
Maintenance  of  Way  and  Structures: 

Superintendence   20,914,050            93  0.977 

Roadway  and  Track: 

Ballast 7,109,605            32  0.332 

Tics   65,769,736           292  3.074 

Rails    18,720,319             83  0.875 

Other  track  material 21,109.628            94  0.987 

Roadway  and  track* 146,481,436          650  6.846 

Track  Structures: 

Tunnels,  bridges,  etc 37,147,465          165  1.736 

Crossings,  signs,  fences,  etc 8,567,305            38  0.400 

Signals,  telegraph,  etc 16,320,242             72  0.763 

Buildings,  fixtures  and  grounds. .       37,389,272           166  •        1.747 

Docks  and  wharves 3.246,420            14  0.152 

Miscellaneous    20,907,115            93  0.977 

Total,  Maint  Way  &  Structures. .     403,682,593         1792  18.866 

Maintenance  of  Equipment: 

Superintendence 15,063,195            67  0.704 

Repairs 

of  locomotivs   175,869,571           780  8.219 

of  cars   214,981,597          954  10.047 

of  floating  equipment 943,622              4  0.044 

of  work  equipment 4,886,329            22  0.228 

Renewals  of  equipment 17,547,413             78  0.820 

Depreciation  of  equipment 73,737,457          327  3.446 

Miscellaneous    17,171,090            76  0.803 

ToUl,  maint  of  Equipment 520,200,274         2308  24.311 

Tra£5c  (Agencies,  advert'g,  etc) 62,366,351          276  2.914 

Table  concluded  on  next  page. 

'Applying  ballast,  ties,  rails  and  other  track  material;  track  mainte- 
nance; care  of  roadbed;  general  cleaning;  patrolling  and  watching; 
changing  alinement  and  grades;  bank  protection;  filling;  train  service, 
etc. 
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Table  3,  concluded  from  p  1131. 

$  per      Per  ceni 

Total  $  line-mile     of  total 
Transportation: 

Superintendence  and  despatching..  44,962,961  199  2.101 

Station  employees   147,350,812  654  6.8«6 

Yard  conductors  and  brakemen 60,559,700  269  2.830 

Yard  enginmcn 35,028,591  155  1.637 

Yard  loco  fuel 33,594.011  149  1.570 

Yard  and  station  operatn,  misc 69,452,990  308  3.246 

Road  loco,  fuel .'  201,637,470  895  9.423 

Road  enginmen 127,247.552  564  5.947 

Road  loco,  other  expenses 61.328,588  272  2.866 

Road  trainmen   137,270,401  608  6.415 

Train  supplies  and  expenses 39,430,240  175  1.843 

Operatn  of  interlockers  and  signals  11,374,397  50  0.532 

Train  operation,  misc 8,740,448  39  0.409 

MisceUaneous    96,003,219  425  4.487 

Total,  Transportation 1,073,981,380        4762  50.192 

General  (Admin'n,  insnce,  &c)....       79.525.390  353  3.717 

Total,  Maint  and  operation....    2,139,755,988        9491  100.000 

Each  of  these  expense  items  is,  however,  subject  to  wide  Tariatxon, 
not  only  as  betw  different  roads,  but,  on  the  same  road,  from  year  to 
year.  A  road  with  many  bridges,  deep  cuts,  high  embankments,  etc,  to 
be  kept  in  repair,  will  hare  heavier  maintenance  of  way  cost  than  one 
which  has  but  few  of  these;  and  this  item  may  be  relativly  small  one 
year,  and  twice  as  great  the  next.  Fuel  may  be  cheap  on  one  road,  and 
dear  on  another;  and  this  of  course  materially  affects  the  cost  of  motiv 
power.  And  so  with  the  other  items.  Some  times  the  annual  cost  of 
maint  of  way  exceeds  that  of  motiv  power  and  cars  together.  At  others, 
the  cost  of  conducting  transportation  is  fully  half  the  total  expense. 

Train-mile  cost  (see  p  1081.  t  6)  in  the  United  States  for  1911.  ac- 
cording to  the  Report  of  the  Interstate  Commerce  Commission  for  1911. 
averaged  as  follows: 

^  Train-mtle 

Gross  annual  operation  cost        coal 

On  railroads  of  Class      I,  not  less  than.  $1,000,000  $1,555 

"       "        n,  between $1,000,000  and  $100,000    $l!349 

"         "      "      III,  not  over  ....  $100,000  $1,410 

When  a  road  does  a  very  large  business,  of  such  a  character  that  the 

trains  may  be  heavy  and  the  cars  full  (as  on  coal-carrying  roads)  the 

train-mile  cost  is  large,  and  vice  versa,  altho,  on  coal  roads,  half  the 

train-miles  are  run  with  empty  cars. 
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1134  TUBEB. 

PBESBBVATION  OF  TIMBER. 

Alt.  1.    (a)  The  decaj  of  timber  is  caused  Vy  the  , 

ftotivities  of  fungi    The  uunute  spores  of  one  ol  Ihese  funsi*  i , 

on  a  pieoe  of  wood,  send  out  fine  threadst  vhich  enter  the  wood  eefii  t»» 
soon  give  o£F  a  complex  compound  called  a  fennent  or  enigFmeb  «liidb» 
solves  certain  parts  of  the  vrood  fibre.  The  dissolved  fibre  eerm  ai  fcor 
for  the  fungus.  The  threads  throw  out  branches  and  Bttb-brandwa  ih 
soon  the  timber  is  permeated  by  a  mass  of  such  threads*  the  svowiog  pea 
of  which  (sive  off  ferment.  The  action  of  the  fennent  changme  the  ehai» 
and  physical  properties  of  the  wood,  rendering  it»  in  aome  caaea,  fikefana 
charcoal,  in  others  white,  soft  and  stringy,  and  the  wood  ia  eaid  to  bsntta 
or  decayed.  Eventually  some  of  the  thieads  grow  out  from  the  aatbm 
of  the  Umber,  and  form  toadstook  and  other  exoraeoenoea.  Under  tkes 
are  found  cavities  oontaining  thousands  of  sporesb  which,  when  ripe,  at 
blown  off  into  the  air  and  settle  upon  other  timbcos.  where  the  pncos  ii 
repeated.  Mobture  and  heat  are  favorable  to  the  growth  cl  the  f  una.  si 
are  also  the  starches,  sugars  and  oils  found  in  the  oella  of  the  aMmcoa  }M 


) 


entirely  immersed  in  salt  or  fresh  water,  the  fungi  eannot  thrive^  8i|k 
oonfined  in  timber  with  air,  ferments,  producing  dry  rotf  aa  whersbevsi 
are  enclosed  ait^tight  in  brickwork,  etc.;  and  where  green  timber  is  paiotad 
or  varnished,  or  treated  with  creosote,  etc.  The  sap  then  not  only  piereaa 
the  thorough  penetration  of  the  oil,  etc,  but  may  cause  the  greater  psrtot 
the  wood  to  rot  although  its  firm  outer  shell  ^ves  it  a  deceptive  appiaaam 
of  strength,  (b)  Sap  should  therefore  be  first  removed  by  seaeonlaCI 
i  e,  either  by  drying  the  wood  in  air  at  natural  or  higher  tempentan 
or  by  first  steammg  the  wood  under  pres  so  as  to  vaporiae  the  sap,  sat 
then  removini^  the  latter  by  means  of  a  vacuum.  Thoron^  aeaaoningcf 
i^ge  timbers  in  dry  air  at  ordinary  temperatiues  may  rsqoira  years;  add 
too  rapid  kiln-drying  cracks  and  w«tkens  the  wood.  But  it  is  qnesuooabli 
whether  steaming  and  vacuum  remove  sap  as  thoron^hl;y  as  do  the  siove 
dry  processes,  (c)  Alternate  exposure  to  water  and  atf  is  very  destroctm- 
It  causes  wet  roU 

Art.  2«  Sea-worms*  The  Hmnaria  tenbrant  works  from  near  luc^ 
water  mark  to  a  little  below  the  surface  of  mud  bottom;  the  teredo  nemim 
within  somewhat  leas  limits.  The  teredo  is  said  to  be  rendered  leas  aetiis 
by  the  presence  of  sewage  in  water. 

Art.  3.  (a)  The  best  timber-preserving  processes  are  praeticallyiiaelcsi 
unless  tboron|rhly  well  done.  If  the  gain  in  durability  will  not  vsi; 
rant  the  expenditure  of  tune  and  money  read  for  this,  it  is  more  eeonomirsi 
to  use  the  wood  in  its  natural  state,  (b)  The  woods  beat  adapted  ts 
treatment  are  those  of  an  open  or  porous  texture.  They  abeorb  the  <i 
etc  better  than  the  denser  woods;  and  their  eheapness  rendera  the  uas  of 
•he  treatment  more  economlcaL  (e)  Most  of  the  proceeses  in  ommmnn  oa 
seem  to  render  wood  less  combustible,  (d)  After  treatment  by  any  fvoeM 
the  wood  should  be  well  dried  before  using. 

Art.  4.  (a)  Creosote  oil,  or  dead  oil,  isthebestlmown  pteaei  latita 
Against  sea-worms  it  is  effeoiive  for  15  to  25  years,  and  Is  the  only  knoos 
protection,  (b)  As  temporary  escpedients.  piles  are  sometimes  coveted  etik 
sheet  metal,  or  with  broad-headed  nails  driven  close  together.  Theee  rvt  or 
wear  away  in  a  few  yeare.  Oak  piles,  cut  In  January,  and  driven  with  the  bait 
on,  have  resisted  the  teredo  for  4  or  5  yean;  and  gypreas  pilea,  well  ehsned 
for  9  years,  (c)  For  ordinary  exposures  on  land,  8  to  10  Iba  of  ereoaots  od 
per  cub  ft  are  reqd  —  say  670  to  830  lbs  per  1000  ft  board  msaame  •-  90 
to  40  lbs  per  cross  tie  of  4  oub  ft.  For  protectkm  sadnst  sea-wotxns  10  to 
12  lbs  per  cub  ft  suffice  in  climates  like  those  of  Great  Britain  and  tw 
Northern  U  S;  but  in  warmer  watera  where  the  teredo  Is  very  aotiveii  froa 
14  to  20  lbs  per  cub  ft  are  used.  Large  timben  may  not  require  satomdoi 
throughout,  and  thus  may  take  less  per  cub  ft.  But  see  (i)  aed  end  of  Ait 
hf^'  J«^.9^^o«oto  oil  weighs  about  8.8  lbs  per  U.  &  galkm.  (e)  Tie 
sticks  slu>uld  be.reduced  to  Uieir  intended  final  dimenskias  and  framed  frf 
framing  is  reqd)  before  treatment;  eqiecially  if  for  exposure  to  teredo,  iHiiek 

n^iSS^J^^^  hy  Dr.  Hermann  von  Schrenk,  read  before  the  Amerieas 
Badway  Engineenng  and  Maintenance  of  Way  Association,  Haieh.  190L 


I  Bore  to  attadc  any  ^pqiB  which  (aa  by  Babsequent  eottlog)  aie  Mt  isnpiro* 
ioted.  (f)  Greoaoted  ties  have  reznained  sound  after  22  years'  exposure. 
tie  creoBote  proteeta  the  spikes  from  rusticg.  (s)  Spruce  aud  tamarack, 
wins  to  their  irregular  density,  are  unsuitable  for  oreoeoting.  (h)  Creosots 
snders  wood  stiffer  and  slightly  more  brittle.  In  hot  weather  it  exudes  to 
xna  extent  and  discolors  the  wood.  Its  smell  excludes  it  from  dwellingB. 
l>  It  does  not  wash  out  from  the  wood,  but  often  fails  to  penetrate  the 
eart-woild.  Then,  if  any  sap  remains,  decay  begins  at  the  eenter.  See 
ad  of  Art  1  (a).  Bumettizing  the  oen  of  the  stick  (see  Art  7)  and  using  a 
oatiiig  of  creosote  outside,  has  long  been  sufloiBested  as  the  best  possiote 
lethocL  It  is  the  principal  feature  of  the  Ailardyce  process.  This  is 
lieaper  than  thorousdn  ereosoting.  In  the  Btttgers  process,  which  has 
een  SMCceiwfully  employed  for  ties  in  Germany  since  1874,  the  creoeote  and 
solution  of  sin9  chlonde  are  injected  simultaneously.  (J)  In  the  creo* 
ealnate  process  *  the  preservative  fluid  consists  of  creosote  dS  per  cent, 
irmaldehyde  2  per  cent,  and  melted  resin  00  per  cent. 

Art.  A«  (a)  Mineral  solutions  are  inferior  to  creosote,  even  on  land; 
Dd  ttseleoB  in  running  water  or  against  seatworms;  but  they  approximatel;y 
ouble  the  life  of  inferior  timber  nnder  ordinary  land  exposures;  and  their 
beapnees  permits  Uieir  use  where  that  of  creoeote  is  too  expensive,  (b) 
ttey  render  wood  harder;  and  brittle  if  the  solution  is  too  strong. .  They 
re  liable  to  be  washed  out  by  rain,  etc  Hence  the  outer  wood  decays  first. 
ee  Art  4  0)  Art  8  Cb)  (c)  (d).  (c)  A  committee  of  the  American  Soc  of  Civ 
\ntsr»,f  after  eollating  a  large  number  of  experiments,  recommended  Bor> 
.enfalnsCArt  7)  for  damp  exposure*  as  that  of  cross  ties,  damp  floors, 
be;  and  iCyanlsIng  (Art  6)  for  comparatively  dry  situations  with 
jcptstnm  to  ah:  and  sun-light,  as  in  bridge  timbers,  for  which  it  is  better 
lilted  than  Bumettizing  becanse  it  seems  to  weaken  wood  less.  In  such 
xpoaures  it  preserves  wood  sometimes  for  20  to  30  years. 

Art.  &•  (a)  Kyanlzing  consists  in  steeping  the  wood  in  a  solution  oC 
tb  ol  bi-eUonde  of  mercury  (corrosive  sublimate)  in  100  tbs  of  water,  (b) 
t  is  usual  to  allow  the  wood  to  soak  a  day  for  each  inch  of  the  thickness  or 
sast  dimension  of  the  piece,  and  one  day  In  adcUtion,  whatever  the  sise. 
c>  Gen'l  Cram  found  the  process  very  unhealthy,  "salivating  all  the  men  " : 
>ot  Mr.  J.  B.  Francis,  at  Lowell,  and  Mr.  H.  BisseU.  of  the  Surtem  R  K  of 
iBflB.  had  little  or  no  trouble  in  this  respect.  The  sublimate,  however, 
rhich  is  very  poisonoua  is  apt  to  eflBoresce,  and  the  use  of  the  timber  is  thus 
endued  dimgerous.  (d)  The  process  is  valuable  for  timber  placed  in 
moderately  diunp  situations,  but  the  salt  is  liable  to  be  washed  out  by  run- 
linS  water.  Kyanixed  spruce  fence  posts,  planted  4  ft  in  the  ground,  at 
xjiwdl.  Mass,  in  1850,  were  examined  in  1891,  and  most  of  them  were  found 
wry  sound  both  above  and  below  the  surface  of  the  ground. 

Art.  7«  (a)  Bumettizlniir  consists  in  immersire  the  wood  for  several 
OUTS  in  a  solution  of  2  lbs  chloride  of  sine  in  100  lbs  of  water,  under  a 
«res  of  from  100  to  800  lbs  per  sq  inch. 

Art*  8.  Other  preventives*  (a)  Steeping  in  a  solution  of  sulphate 
>f  copper  (blue  vitriol)  has  been  extensively  used,  but  does  not  seem  to 
jtve  been  jpermanently  successful.  The  blue  vitriol  washes  out  readily. 
b)  In  the  Barschall  or  Hasselmann  process.^  introduced  in  Germany 
a  1887,  in  the  U  S  m  1899.  the  wood  is  boiled,  at  a  temperature  from  21^ 
o  284®  Fahr.  and  under  a  pressure  of  from  10  to  45  tbs  per  sq  Inch,  in  a 
olutlon  of  iron,  copper  and  aluminum  sulphates  and  "Kainit,''^a  sulphate 
i  magnesia  and  potash,  mined  at  8tassf urt.  Germany.  The  solution  is  said 
o  carry  off  the  sap  (timber  being  more  readily  treated  by  this  process  when 
reen  than  when  eeasoned),  while  the  eopper  destroys  the  funid,  and  the 
roa  fbrms  an  insoluble  compound  with  the  celluloee  or  woody  fibre.  It  is 
laimed  that  the  process  greatly  hardens  the  wood,  especially  the  softer 
arieties,  rendering  them  suitable  for  ties,  without  impainng  their  strength, 
lastieity  or  i^liabuity.  (e)  The  WellhoQse  process  injects  first  a  eolu- 
ion  of  chlonde  of  sine  with  glue,  and  then  one  of  tannin  (both  undsr 
nasure),  in  order  to  diminish  the  subsequent  waidiingout  of  the  chlorids. 
n  a  later  modification,  the  sine,  glue  and  tannin  solutions  are  Injected 
eparately.    Several  millions  of  ties  have  been  treated  in  this  way.    The 

e  See  **  A  Proposed  Method  for  the  Preservation  of  Thnber."  by  F.  A 
Cummer.  Transaetiooa,  Am  Soe  C  £,  Vol  XLIV,  Deeember.  1900. 
t  See  Trtwaactiona,  Am  Soe  C  E.  July.  Aug  and  Sept,  1880. 
i  Bailxoad  Oasette.  Fsbruary  9. 1900. 
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prooeas  b  not  reoommended  for  sub-aqueous  use.  (d)  Prooceees  in  wiuA 
the  wood  is  treated  by  painting  or  eoaklns*  are:  Caibolineum  Amenn 
(C.  A.  Wood  Preserver)  and  Carboltneum  Avenaiius  (Tmr-oU.  chlorine,  etc . 
licni  Salvor  (Tar-oiU  etc),  Woodiline  and  Spirittine  (ohemicat  solutionBi  ana 
a  distiUate  of  pine  used  by  the  Pennsylvania  Railroad  Co.  for  car  vui. 
(e)  Fence-posts  etc  seem  to  be  preserved,  to  some  extent,  by  having  <'d<^ 
their  lower  ends  dipped  in  tar  well  boiled  to  remove  the  ammonia,  whii^ 
last  is  destructive  to  wood.  The  upper  end  must  be  left  untarred  to  \ei 
the  sap  evaporate,  (f )  Attempts  at  wood  preservation  by  means  of  Taper 
of  creosote  etc  have  proved  failures,  (g)  While  wood  remains  thoroucW 
saturated  with  petroleum  it  does  not  decay.  But  unless  the  suppb* » 
kept  up  the  oil  evaporates  and  leaves  the  wood  unproteeted.  (li)  Gottoe^ 
wood  ties  laid  upon  a  soil  containing  about  2  per  cent  carbonate  of  lo&e. 
1  per  cent  salt  and  0.5  per  cent  each  of  potash  and  oxide  of  iron,  on  tb> 
Union  Pacific  R.  R.  in  1868,  were  found  in  1882  "  as  sound  and  a  (CKxi  dal 
harder  than  when  first  laid,"  altboufh  such  ties  in  other  soils  lasted  bci 
from  2  to  6  years,  (t)  The  use  of  solutions  of  lime  and  of  aalti  and  ehu- 
ring  the  surface ;  are  sometimes  found  useful  in  damp  situations. 

*  See  Report  by  O.  Chanute  to  the  American  Railway  Ensinoetins  »Bd 
Maintenance  of  Way  Association,  March,  1901. 


Digitized  by  CjOOQ  IC 


STRENGTH   OF  TIMBER. 


1137 


Art.  4.    UIHinate  Hvermge  tensile  or  cobealve  strenirtii  of 
Timber, 

Being  tke  least  weights  in  pounds  whicli,  if  attached  to  the  1  jwer  end  of  a  vert  ro4 
3o«  inch  square,  firmly  upheld  at  its  upper  end,  would  break  it  bj  tearing  it  apart 
For  large  timbers  we  recommend  to  reduce  these  constants  %ioy^  part. 


Tb«  ■treagtlM  In  sll  Umm  tabiM  may 
rsmdlly  be  ooe-thlrd  part  iMirs  or  lass 


Alder 

Ash,  English 

*"  Am<?rican(anthor)a 
Birch 

"■    Amer'n  blacks 

Bay-tree .» 

Beech,  English 

Bamboo 

Box 

C«dar,  Bermnda. 

**       Guadaloupe  , 

Chestnut 

•'■  horse 

Cjprus 

JSlder 

Kim....-  


Fir,  or  Spruce. 

Hawthorn... 

Uasel 

Holly  

Hornbeam  ^ 

Hickory,  Amer'n.... ...... 

Lignum  Vitss,  Amer'n.. 

Lancewood 

Larch,  Scotch 

Locust 

Mwple 


Lbs  per 

sq.  inch. 


14000 
16000 
16500 
l&OOO 
7000 

laooo 

11500 

6000 

20000 

7600 

0500 

13000 

10000 

6000 

10000 

60O0 

13000 

10000 

10000 

18000 

16000 

20000 

11000 

11000 

23000 

7000 

18000 

10000 


Mahogany,  Honduras 

^  Spanish.. 

MangroTe,  w£ite,  Bermuda.. 

Mulberry 

Oak,  Amer'n  white 

•*       «        basket 

red 

**    Dantzic,  seasoned 

**    Riga  

"    English-   

**    liTe,  Amer'n 

Pear.. .'.. 

Pine,  Amer'n,  white,  red,  ) 

and  Pitch,  Memel,  Riga*  j 

Plane 

Plum 

Poplar.. 

Quince 

Spruce,  or  Fir. - 

Sycamore 

Teak 

Walnut 

Yew 


Acr<MM  tile  armin.  Oak.. 

u         u        •«  Poplar 

"         •*        •♦  Larch,900to 
"         "        "  Fir,  A  Pines 


Lbs  per 
sq.  inch. 


8000 
16000 
10000 
12000 


10000 


10000 

10000 

11000 
11000 
7000 
7000 
10000 
12000 
15000 
8000 
8000 


1800 
1700 
650 


TBB8S  AKI  ATXRA0K8.  The  Strengths  vary  much  with  the  age  of  the  tree ;  ths 
locality  of  its  growth ;  whether  the  piece  is  from  the  center,  or  fh>m  the  outer  por* 
tions  of  the  tree ;  the  degree  of  seasoning ;  straightnessof  grain ;  knots.  Ac,  Ac,  Also 
rnasmuch  as  the  constants  are  deduced  from  experiments  with  good  specimens  of 
email  sixe,  whereas  laree  beams  are  almost  invariably  more  or  less  defective  from 
knots,  crookedness  of  fibre,  Ac,  it  is  advisable  in  practice  to  reduce  these  constants 
Bs  recommended  above. 

•  EflTeet  of  Tapping  Trees  for  Turpentine.  Preliminary  experi- 
ments by  the  Forestrv  Division  of  the  U.  S.  Department  of  Agriculture  upon 
k>ng-leaf  pine  from  Alabama  indicate  that  (contrary  to  the  generally  received 
impression)  "  turpentine  timber,"  i.  e.  the  timber  of  trees  that  have  been 
"boxed"  (robbed  of  their  turpentine),  while  it  has  slightly  less  tensile  and 
shearing  strength,  is  from  20  to  30  per  cent,  stronger  in  compression  (whether 
with  or  across  the  grain)  and  under  transverse  .strain.  In  the  '*  turpentine  tim. 
ber,"  however,  the  resin  collects  in  spots,  gumming  the  tools,  and  thus  renderina 
the  timber  harder  to  work  than  that  of  trees  which  have  not  been  deprived  of 
their  turpentine.  The  specimens  tested  were  taken  mostly  at  heights  of  from  7 
lo  33  feet  above  ground.  (Circular  No.  8.  Issued  1892.)  Boxed  and  unboxed 
Umber  are  fluently  called  *'bled"  and  "unbled"  respectively. 
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Art.  i.    CompreMlTe  slrentrtlM  of  Amertean  woods,  wto 

mtmly  amd  earefnlljf  uasonsd.  Approximate  aTeragM  deduced  from  niaor  exppfi 
Bents  made  with  the  U  S  Oort  testing  machine  at  Watertown,  Maw,  by  Mr.  S  P 
Sharpies,  for  the  oensos  of  1880.  SeiMoned  woo<ls  resist  cmshing  much  brttci 
than  green  ones;  in  many  eases,  twice  as  welU  This  mnst  be  allowed  for  wfasi 
building  bridges,  Ac,  of  timber  recently  cnt.  Difforent  specimeni*  of  th»  saoM  woos 
vary  greatly ;  ftvqaeotly  as  6  to  8,  0,  or  more. 


Efld- 

I  iri»«.  * 

Thmmtmtst^n  In  kH  tbflM   ,v_  _„_ 

lmh\n   mtf  rr*flilf    vary  M     ™{Z 

Eiiuab  ■!  ■0Q^p-thil^tJ  |i»rl  raoni    "i  *  ■'^ 


iih^  rod  mid  whtte»«^« 

IxppH...*.^ «-^^,«^, 

BAic/l » .^„,,M  ,...,„..  ..^^„ 
ftire4.-.,.»,  „*^*... .,  ,„..., 
Bmkfjfe... ,«,»  ^» ........ 

Bnttemuf  ,„...„ „ 

0Hilonin9r>ii  (sjcatiiore). 
Dei/ar,  nnk, ,  ...„., 

"  wl]ite(nrlH<rvit{e') 
Qttafpa  {InAian  bpapj.„ 

CltiTTf,  wiM«.« ......*» 

Clf x/n  <jL*. .^,«,„ 

ChjfM  ^ree,  K*»ntncky»««. 

C>T»'««r,  l*al(l -.,,.„„ 

^si,  Arri'ri  or  urhltCi.... 

**    fBci ^    „„ 

Et^mhf'k  « •«...««. 

Bickojy, ..*,  ,.. .-.<«.„,. 

£.i^iiitjM  rtfir^....,„„k 

iand**i,  Artii^rk'ttn .^. 

Iriteuj/,  blni  k  Hitil  yp-Elnw 
li.m.^v .,. 


6S00 
-UOQ 
TOiX> 
BOOG 
44110 
&400 
©TOO 

4400 

8000 
&3(J0 
62<>0 
6CIO0 

fiHlTO 

77IKI 

S4«iO 

innoo 
5O0Q 

TOtW 
BOlK» 


Side- 

■qio* 


eoQi 

noo: 

1300 

eoo 

700 

1300' 

TOO 

600 
70I.J 

IT«N> 
•.Hll> 


ft  ■tTfBftbfl  Tn  an  tbnv 
1  BKJ  urcadtlf  nry  *.« 
1  M  one  third  phrt  more 


1,11  tO 

6£i0' 
2lk>0 
mi>[)  l30lyC» 

fm.    900 

IfldlO,    £JMM) 

nn0|  «30o 


3000 

14' HP 

10cX> 
2*300 
144)11 
1600 
2fl00 
KKll 

II^INJ 

:j«-o.j 
noo 

4'1H'M> 


Oregon  «*«... 

*      sugar  and  blacks 

"      white  and  rpd»«. 

OoArpWliltP^,  pcifltior  Irtinl 

Rw-acnp white,  red 

and  black. „.,,,». 

"    scrub  nod  boakf^t.^ 

"    rhciitaut  audiire„ 

Fin  a;  whit* „„^  .^« 

**     K«fd  or  Narwray    .. 

**     piteh   and  Jersey 

srnib  •^..*,.. 

**     Georgto  >. 

Pnplar 

SajtmrfrnM  „,.„.,......* ^ 

Spriicr,  Idark 

"       white 

Slftt^mor^  {biiftoiiwiHMl)„ 
W^/wK^blark 

**      whke     d.urii'r 

ii«it)„ _. 

irittow 


TWO 


fiTCN» 


6000 
64i00 


s^la. 


ieoo,^Mi 
idooUnt 

fiOOlM 
600,  l«l 


lOQD 

laoot 

tDO,li 


1MB 


B  It  appeam  tnat  geasfm^d  white  and  yellow  pfnes,  sproce,  and  c 

which  are  the  woods  most  employed  in  the  United  States  for  bridfres,roofh,«te^cntft 
endwise  with  Itom  5000  to  7U(MI  D>s  i>er  sq  inch,  in  short  MockSf  areragv'.  fi'OO 

Bnt  it  Is  well  to  bear  in  mind  that  In  practice  perfectly  equable  pressure  is  nrr^} 
secured.  In  a  few  trials  on  sidewise  compression,  with  fairly  seasoned  white  piM 
blocks,  6  Ins  high,  5  Ins  long,  and  2  Ins  wide,  we  found  that  under  an  eaually  dU- 
tribnted  pressure  of  6000  lbs  total  or  fiOO  lbs  per  sq  inch,  they  compressed  about  firo0 
^  to  ^  Inch;  which  Is  equal  to  fh)m  %  to  V£lnch  per  foot  of  height;  or  ttom  j% 
to  A  or  the  height;  the  mean  being  abont  %  inch  to  a  foot,  or  X  of  the  beigbL 
Under  10000  lbs  total, or  1000  lbs  per  sq  Inch, Ihej  split  badly;  and  in  some  cas«f 
)eu:ge  pieces  flew  off. 

The  tensile  or  ooheslre  strengths  of  pine  and  oak  arerage  about  10000  tw  per  sq 
Inch,  or}^tM  mnch  as  average  cast-iron,  or  nearly  double  their  resistance  to  cnish> 
Ing.  The  tensile  strength  does  not  change  with  the  length  of  the  piece;  so  that  in 
toictlce  we  may  take  its  safe  strain  at  from  1000  to  2000  lbs  per  sq  inch,  depending 
upon  the  diaracter  of  the  structure,  Ac.  without  regard  to  the  length,  except  wh«n  I 
this  is  so  great  that  two  or  more  pieces  have  to  be  spliced  together  to  make  it ;  thus  j 
weakening  the  piece  very  mnch. 

^  Sped  mens  4  centimetres  (IJN  Inch)  squtre,  S2  centimetres  (1SL6  Ins)  kng. 
When  the  length  exceeds  10  times  the  least  side,  see  Wooden  Pillars,  I 

f  Specimens  4  centimetres  (1^7  inch)  square,  16  centimetres  (6^  ins)  long;  Ui<i 
vpon  platform  of  testing  machine.  Pressurs  applied  at  their  mid-length,  Inr  meaiM 
of  an  Iron  punch  4  centimetres  square,  or  Just  covering  the  entire  width  of  tb« 
specimen,  and  one-fourth  of  its  length.  The  first  colnmn  (headed  ^'jOI'*)  gives  th« 
loads  producing  an  Indentation  of  .01  Inch.  The  second  column  (headed  ^J**)  glwi 
those  producing  an  indenUtioo  of  .1  Inon. 
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Table  of  safe  oiileflceiit  loads  ft»r  liorlBOiital  rec> 
tanirnlar  beams  of  white  pine  or  spruce,  one  Ineli  broad, 
supported  art  both  ends,  and  loaded  at  the  center;  toir^thei 
with  theli  deflections  under  said  loads. 

The  Mtfe  load  is  here  ODe-dxtb  of  the  breaking  load. 

For  the  neat  loails,  deduct  ^  the  wtor  the  beam  Itself.  The  deJUctitmi, 
boweyer,  are  the  actutd  ones;  the  wta  of  the  beams  baTlng  been  introduced  in  cal* 
calating  them. 


m^^wmm^  applied  saddenljr  will  double  the  deflections  In  the  table :  m 
when,  for  Instance,  if  a  load  Is  held  by  hand,  just  touching  a  beam,  the  hold  should  be 
suddenly  loosed. 

Cantlon.  Inasmuch  u  this  table  was  based  upon  well  seasoned,  straight 
grained  pieces,  free  trova  knots,  and  other  defects,  we  must  not  in  practice  take 
more  than  about  two-thirds  of  the  loads  in  the  table  for  a  safety  of  6  in  ordinary 
building  timber  of  fair  quality ;  and  with  these  reduced  loads  should  not  reduce 
the  deflections. 

Observe  also  that  our  table  Is  for  safe  center  loads,  bat  it  is  plain  that 
in  practice  we  cannot  always  apply  the  term  in  its  utmost  strictness ;  otherwise 
the  load  would  have  to  be  sustained  by  a  mere  knife-edge,  at  the  v?r>  center  of 
the  beam.  Now,  in  the  cat^e  of  Rem.  p.  1140,  if  we  attempted  to  sustain  the  center 
load  of  6075  lbs  upon  such  a  knife-edge,  it  would  at  onc4»  cut  the  beun  in  two.  If 
we  even  applied  it  along  3 or 4  ins  of  the  length,  it  would  cut  into  it,  and  we  should 
not  have  a  safety  of  6  against  crushing  the  top  of  the  beam  until  as  in  the  case  of 
the  ends  we  distributea  the  load  along  full  40  ins  of  length,  or  about  32  ins  for  a 
•afety  of  4. 

The  safe  load  is  here  ^  of  tliebreakgone;  and  thela8tat450  Ibsatthe 
center  of  a  beam  1  inch  square,  and  1  fuot  clear  length  between  its  supports.  For 
mere  temporary  purposes,  \/^  part  may  be  added  to  the  loads  in  the  tuble,  thus  mak- 
ing  them  equal  to  the  \i  of  the  breakg  load.  But  in  important  structures,  subject 
to  vibration,  %  part  should  be  deducted  from  the  tabular  loads,  thus  reducing 
them  to  1/^  of  the  breaking  load.  This  is  especially  neoeasary  if  the  timber  is  not 
well  seaHuiied. 

With  the  safe  loads  In  this  table  a  beam  may  bend  too 
much  for  many  practical  purposes.  When  this  is  the  case,  we  may,  by  reducing 
the  loads,  reduce  the  deflections  in  nearly  the  same  proportion. 

All  the  loads  in  the  Table  are  superabundantly  safe  affalnnt  shenrlns. 
4||^alnst  crushing^  at  the  ends,  Ac,  see  **  Cantlons  "  below  tho  Table. 

Original. 
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fief 
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BTRENOTH  OF  TIMBBB. 


(OrighuL) 

D«th 
of 

}l»a  18  fljBpan  2U  ftfSiMai  26  ft|B|»ii  80  ft|B|)«i »  ft|3i»n  40  ft|irL  ij 

heaaa. 

load 

def 

load 

def. 

load 

d«C 

lOttd 

deClloMl 

dec 

lo^ 

dllk2 

lUB. 

lbs. 

iOB, 

Sm. 

lu. 

Bm. 

ins. 

3b*. 

taslBM. 

fts. 

ins 

ftr 

« 

160 

1.4 

186 

1.8 

106 

2.9 

90 

4.6 

77 

6.6 

07 

9.2 

12 

7 

204 

1.2 

184 

1.6 

147 

2.6 

122 

8.9 

106 

6.8 

tt2 

7j6 

It 

8 

287 

1.0 

240 

IJt 

192 

2.1 

160 

8.2 

1S7 

4.6 

120 

6.4 

16 

9 

888 

.92 

804 

1.2 

243 

IJ> 

202 

2.8 

174 

*JD 

152 

Sl6 

U 

10 

417 

.82 

376 

1.0 

800 

1.7 

260 

2.6 

214 

8.6 

188 

4.9 

2» 

11 

006 

.74 

464 

.93 

368 

1.6 

802 

2.2 

260 

8.2 

227 

4J 

22 

IS 

600 

.68 

640 

.86 

432 

1.4 

860 

%0 

806 

2.9 

270 

8.9 

21 

14 

817 

.68 

736 

.72 

688 

L2 

490 

1.7 

420 

2L4 

897 

3L3 

28 

16 

1067 

.60 

960 

.63 

768 

1.0 

640 

1.6 

648 

2.1 

480 

2.8 

32 

18 

1860 

.46 

1218 

.66 

972 

.90 

810 

IJS 

694 

1.8 

607 

2j6 

as 

ao 

1666 

.40 

1600 

.60 

1200 

.79 

1000 

1.2 

867 

1.6 

750 

2.2 

40 

22 

2017 

.87 

1816 

.46 

1462 

.72 

1210 

la 

1087 

IJS 

907 

2j0 

44 

2t 

2100 

.88 

2160 

.41 

1728 

.66 

1440 

.96 

1284 

14J 

1060 

1.8 

46 

26 

2817 

.81 

25*26 

.88 

2018 

.60 

1684 

.88 

1449 

1.2 

1268 

1.6 

fit 

28 

8267 

.28 

2940 

.36 

2362 

.66 

1960 

.81 

1680 

11 

1470 

1.5 

66 

ao 

8750 

.26 

3876 

.33 

2700 

.60 

2260 

.76 

1928 

1.1 

1687 

1.4 

60 

32 

4267 

.26 

3840 

..% 

3072 

.46 

2560 

.71 

2194 

1.0 

19-M 

1.3        64 

84 

4817 

.23 

4335 

.29 

3468 

.44 

2890     .671 

2477 

.92 

•2167 

1.2        68 

86 

6400 

.22 

4860 

.27 

3888 

.43 

8240     .63 

2777 

.86 

2130 

IJ         72    . 

White  oak,  and  best  Southem  piteli  pine  wiU  bear  loads  ^ 

greater. 
For  east  Iron,  molt  the  loadii  In  the  table  by  4.6;  and  for  wronafct  by 

6.8.    Vor  theM  new  loads,  mult  the  delb  by  .4  for  caet;  and  by  .8  for  wnraibt. 

ir  the  load  Is  equally  dl«trlbnled  over  the  «p«n,  it  aiay  be  twioe  as 
creat  as  the  center  one,  and  the  defs  wUl  be  11^  Umes  those  in  the  table.  If  the 
loads  In  the  table  be  equally  distributed  along  the  whole  beam,  the  deh  will 
be  but  flve-eigbths  as  great  as  those  In  the  table.  Whan  man 

accuracy  Is  reqd,  half  the  wt  of  the  beam  itself  must  be  dednelted  fh>m  the  center 
load;  and  the  whole  of  it  (h>m  an  equally  distriboted  load.  The  wt  of  the  beam,  in 
the  last  column,  supposes  the  wood  to  be  but  moderately  leaaoned,  and  therefdie  to 
w^b  28.8  lbs  per  cub  ft. 

iTses  of  the  forecolnar  table.  Sx.  1.  What  most  be  the  breadth 
<>f  a  hor  rect  beam  of  wh  pme,  18  Ini  deep,  rappcrted  at  both  ends,  and  of  SO  ft  dear 
length  between  its  soppoits,  to  bear  safely  a  load  of  6  tons,  or  11200  lbs  at  its  center f 
Here,  opposite  the  depth  of  18  ins  in  the  table,  and  in  the  column  of  20  feet  lengthA, 
we  And  that  a  beam  1  inch  thick  will  bear  1216 lbs;  consequently,  i^  »  S.28  iaa, 

the  read  breadth ;  for  the  strength  is  in  the  same  proportion  as  the  breadth. 

Ex.  2.  What  will  be  the  safe  load  at  the  center  of  a  Joist  uf  white  pine.  18  ft  leog, 
8  ins  broad,  and  12  ins  deepf  Here,  in  the  col  for  18  ft,  and  opposite  1*2  ins  in  depth. 
we  find  the  safe  load  for  a  breadth  of  1  inch  to  be  600  Ibe;  consequently,  600  X  3  >• 
1800  lbs,  the  load  reqd. 

Rbx.  Cantlons  In  the  nse  of  the  above  table.  Vor  instance,  in 
placing  very  heavy  loads  ui>un  short,  but  deep  and  strong  beams,  we  must  take  care 
that  the  beams  rest  for  a  sufficient  dist  on  their  supports  to  prevent  all  danger  fr^a 
erttahing  at  the  ends.  Thus,  if  we  place  a  load  of  6076  Bm  at  the  center  of  *  beam 
of  4  feet  span,  18  ins  deep,  and  only  1  inch  thick,  each  end  of  the  beam  sustains  a 

vert  oruBhing  ibioe  of  ^  —  8067  Bm,  and  that  sidewlse  of  the  yrain,  in 

which  position  average  white  pine,  spmoe,  and  hemlock  crash  under  about  806 
lbs  per  sq  inch,  and  do  not  have  a  safety  of  6  until  the  pressure  h  reduced  to  about 
188  B»  per  8q  Inch.  Therefore  our  beam,  in  order  to  have  a  safety  of  6  against 
crushing  at  its  ends,  must  rest  on  each  support  3U37  -i-133s:23sqin8;orl6ra 
safety  of  4  nearly  16  sq  ins.  When  a  pressure  is  equally  distributed  side- 
wise  (that  is,  at  right  angles  to  the  general  direction  of  the  flbrea)over  the  entire 
pressed  surface  of  a  block  or  beam  (to  ensure  which,  the  opposite  surface  must  be 
supported  throughout  its  entire  length)  the  resulting  compression  mi^t  reediW 
escape  detection  unless  actually  measured.  But  when  a  considerable  pressure  is 
applied  to  only  a  portion  of  the  surface,  as  of  cans  and  sills  where  in  contact  with 
the  heads  and  feet  of  posts,  or  at  the  ends  of  loaded  Joists  or  girders,  the  com- 
pression becomes  evident  to  tho  eye,  because  the  pressed  parts  sink  below  the 
unpressed  ones,  lu  consequence  of  the  bending  or  breaking  of  tlie  adiaoent  fibres. 
What  in  the  first  case  (especially  ir slight)  would  be  called  coni] ^^^ 
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in  the  second  be  called  emaliliiir  I  o^^n  when  neither  might  be  ao  great  aa 
to  be  unsafe. 

Owing  to  the  resistance  which  said  adjacent  fibres  oppose  to  being  bent  or 
broken,  it  is  plain  that  a  given  pressure  p«r  nq  ineh,  or  p«r  nq  loot,  Ac^ 
will  cause  somewhat  less  oompression  or  crushing  when  appUed  to  only  a  part  of 
a  surfiuse,  than  when  to  the  whole  of  it. 

Tlie  writer  Iiim  seen  40  half  seasoned  hemlock  posts,  each  12  ins  square, 
footine  at  interrals  of  5  ft  from  center  to  center,  upon  nuiilar  12  X 12  inch  hem- 
lock sills,  to  which  they  were  tenoned,  and  which  rested  throughout  their  entire 
length  on  stone  steps.  Each  post  was  mdually  loaded  with  82  tons,  or  equal  to 
aay  500  lbs  per  sq  inch ;  and  their  feet  all  crushed  into  the  sills  Arom  \itoyi inch. 
Their  heads  crushed  into  the  caps  to  the  same  extent.  In  nraetlee  the  pres- 
sure at  the  heads  and  feet  of  posts  is  rarely,  if  eTor.  perfectly  equable ;  ana  the 
same  remark  applies  to  the  ends  of  loaded  Joists,  girders,  dc,  in  which  a  slight 
bending  will  throw  an  exoeas  of  pressure  upon  the  inner  edges  of  their  supports. 
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WOODEN  COLUMNS. 

See  eolamnfl  In  n^eneral,  pp  405  Ac, 

For  steel  and  Iron  eolnmns,  aee  pp  1189  &o. 

lAmt  of  Referencen. 

(1)  The  Elasticity  and  Resistance  of  the  Materials  of  Engineering;  by  Wm. 

H.  Burr.     New  York,  John  Wiley  A  Sons. 

(2)  Economic  Designing  of  Timber  Trestle  Bridges,  by  A.  L.  Johnson, 

C  E;  Washington,  1896-1902. 

(3)  Cambria  Steel  Co;   Handbook,  1907. 

(4)  Carnegie  Steel  Co;   Pocket  Companion,  1903. 

(5)  Passaic  Steel  Co;   Manual,  1900. 

(6)  Trans  Am  Soc  Civ  Engrs;  Vol  15,  July,  1886. 

(7)  Trans  Am  Soc  Civ  Engrs;   Vol  54,  June,  1905. 

(8)  Acts  and  Resolves  of  the  Massachusetts  Legislature;    1907. 

(9)  New  York  Building  Code;   Approved  Oct  24,  1899;  with  amendments 

to  April  12,  1906. 

(10)  The  Materials  of  Construction;    by  J.  B.  Johnson;    New  York,  John 

Wiley  &  Sons,  1906. 

(11)  "Testa  of  Metals,  etc,"  Watertown  Arsenal;  year  ending  June  30.  1881. 

(12)  "Tests  of  Metals,  etc,"  Watertown  Arsenal;  year  ending  June  30,  1882. 

(13)  American  Architect  and  Building  News;  April  9,  1892,  March  10,  1894. 

( 14)  Am  Ry  Eng  &  M  of  W  Assn,  Comm  of  —  ;  Procs,  Vol  VII,  1906,  p  694. 

1.  The  strengths  of  wooden  columns  increase  with  the  degree  of  neaAon- 
inir-  As  in  other  columns,  eccentricity  of  loadtnic  greatlv  diminishes 
the  strength,  and  it  is  seldom  possible  to  determine  closely  the  degree  of 
eccentricity. 

2.  Let  all  stresses  be  in  pounds  and  all  dimensions  in  inches,  and  let 
P  —  total  load  (supposed  axial)  on       r    »  least  rad  of  gyr  of  cross  sec ; 

col ;  Z)  »  diam,  or  least  side,  of  crass  sec; 

a    «  area  of  cross  section  of  col ;  L  —  length  of  column  ; 

-p  —  P/a  —  avge  unit  load  on  col ;  K  ^  L/r  —  length  ratio,  or  slender- 
s     —  max  unit  stress  in  any  cross  sec ;  ness  of  col,  in  terms  of  r; 

Be  »  unit  stress  at  elastic  limit ;  k  ■■  L/D  «•  length  ratio,  or  ^en- 
8s  «■  max  unit  stress  in  a  short  col ;  derness  of  col,  in  terms  of  Z>. 

8.  Wooden  columns  aie  nearly  always  solid  and  rectanfrnlar,  and 

most  frequently  square,  in  cross  section.  Hence,  instead  of  the  least  radius 
of  gyration,  r,  it  is  convenient  to  use  the  least  side,  D.  For  values  of  D/r 
and  of  (Z>/r)^  see  pp  353  a,  353  6. 

4.  In  solid  square  or  rectanirulA*'  columns, 

D  -   1/12  r;        Z)»  -  12r«.  _ 

For  the  slenderness,  we  have :  *  —  L/D  ^  Lf(\/ 12  r)  —  K/\/l2:  and 
fc»  -  /C2/12 ;       ita  -   12  A;2. 

Hence,  the  Bank  In  e  and  strali^ht-llne  formnlas  become, 
respectively  : 

P  8  a 

Ranklne  formula  ;  p  —    —   —    z—, i-   —    ^— ;— ,  „. — rs  . 

a  l+w/Ca         l+12mifc« 

Stralgrht-line formula ;   p  =-  P/a  —  ««— c/C  —  «.  — A;c|/i2, 
where,  as  in  t  2: 

p    ->  mean  unit  load  on  column  :     na,  c  »  coefficients ; 

s     —  max   unit  stress  in  cross  section  ; 

Sg  »  max   unit  stress  in  cross  section  for  short  blocks  ; 

K  «  L/r  —  unsupported  length  -i-  least  radius  of  gyration  ; 

k    "  L/D  "  unsupported  length  -f-  least  side ; 

F    •"  safety  factor  »  ultimate  load  -s-  permissible  load. 

5.  The  table,  pp  1144-5,  gives  valnes  commonly  nsed«  with  these 
two  formulas,  for  the  coefficients  in  connection  ^th  wooden  columns.  For 
liflt  of  authorities  quoted,  see  above.  * 

See  diagram,  Fig  1.  of  values  of  p/s.  ^.g.,.^^,  ,^  L^OOg  IC 
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H^tcs  •o  tabic,  pp  1144-«. 

where,  as  in  ^  2: 

p    »  mean  unit  load  on  column  ;    m,  c  —  ooeflkienta ; 

•     —  max    unit  atreas  in  croaa  aeetion ; 

■b  ■>  max    unit  atreas  in  craaa  aectioo  for  abort  blodca : 

K  B  Lfr  <-■  unaupported  lensth  -«-  leaat  radiuM  of  m/miam.  ; 

k    —  LfD  —  unsupported  length  -s-  leaat  nde : 

F    —  safety  factor  «■  ultimate  load  -s-  penniasible  load. 

(a)  Smith.  Flat  ends,  firmly  fixed.  For  it  >  25.  F  -  5;  f or  ifc  >  22^ 
F  -  i^ib.     (F  -  ult  -!-  permissible  load.) 

1.  Green,  half-aeasoned.     *'Good  merchantable  lumber." 

2.  Selected,  reasonably  straicht.  air-aeasoned  under  cover  2  yrs  axftd  ofver. 

3.  Avge  sticks,  cut  from  lumber  in  open  air  service  4  yrs  or  over. 
Coeffs  based  upon  1200  tests  of  full-siaed  columns,  1861-2.     To  guard 

against  deterioration  and  defects,  Mr.  Smith  recommended  the  third  set  ui 
values:     s  -  5000;       1/(12  m)  -  250. 

(b)  Burr.  For  good  avge  lumber.  F  —  ult  -4-  pennias  load.  F<-^ 
railway  structures,  F  —  8 ;  for  temporary  structures,  under  static  loads. 
F  -  4. 

(d)  Forestry.  Square  columns.  F  »  7.  1/(12  m)  -  700  -h  151:. 
hence  p  —  Pfa  —  •  .  .,„  "4. "15  jt'  ~-¥~k^  "^^  allow  for  weathering,  add 
0.5  inch  to  each  cmss-sectional  dimension  required  by  formula. 

(e)  Cambria.    Sea  note  (d)  Forestry,  above. 

Yellow  pine  Othtrs 

F  F 

ClaaB  A.     Moisture  18*^.     Freely  exposed 

(trestles,  uncovered  bridgea,  etc),       6.0  5.0 

"    B.  •*        15*^,.     Roofed,  not  side- 

sheiterod    (covered  bridges,  etc).       4.3  4.3 

"     C.  "        12<^.     Endoaed  but  not  heated,      3.6  4.2 

"    D.  **       \Q%.     Encloaed  and  heated,  3.2  4.U 

(f)  Worcester.  Jb  >  50  k  >  id 

V  P 

Long-leaf  pine 600  1000 

Spruce,  white  pine 300  700 

White  oak 600  1000 

Hemlock... 250  60O 

For  earh  increase  of  10.  in  k,  deduct  100  from  p.  See  Columns  in  General. 
p4986.  ^34. 

(ff)  Boston.  A;  >  30  A;  >  10 

P  V  P 

I^ng-leaf  pine   700  60  900 

Spruce,  white  pine  490  35  630 

White  oak 330  45  510 

For  each  increase  of  5,  in  k,  deduct  y  from  p. 

(h)  Carneirle  and  Passaic.  For  long  posts,  F  —  5 ;  for  short 
posts,  F  '  4.     F  —  ult  -(-  permiSB  load. 


6.  J.  B.  Johnson,  (10)  for  his  parabolic  formnla  (Coluinns  in 
General,  «:  28.  p  408). 

gives,  as  nltlmate  values: 

(10)  p367,  (10)pp683^. 

k  —  length  -t-  least  wide;              flat  ends  Partially 

s^  -  elastic  limit.                             A;  >  60  Dry              seaaoiml 

a,     12  c^  ««     12  Cp         «,     12  c, 

I^ng  leaf  yellow  pine ^ 4000    0.8  6000     1.6)     -^^nn     in 

Short  leaf  yellow  pine .3300    0.7  /     **^     ^^ 

White  pine S-WO    0.6  3600    0.72       250O     0.3 

White  oak 3500    0.8  - 
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towlwjdIjAM  and  experiments. 

7.    The  aooompanyiDC  diagram,  Fig  2,  shofws  a  compariaon  of  formnlM 
for,  and  experiments  upon,  yellow  pine  colamns,  as  followa: 

p  ^  mean  unit  load  on  column  ;         k  ■■  length  -f*  least  tide, 
Formalas. 
VUimate. 

1.  Rankine ;  C.  Shaler  Smith p  -  5400  -s-  (1   +  0.004  P) 

2.  Rankine  :  C.  Shaler  Smith p  -  8200  -f-  (1   +  0.00333  V) 

3.  Rankine;  C.  Shaler  Smith p  -  6000  -i-  (1^+  0.004i:<) 

4.  Rankine:  U.  8.  Division  of  Forestry    p  -  7000  X  ^^J?  i^L  ^ut  i^ 

5.  Parabolic  ;  J.  B.  Johnson,  p  367   p  -  4000  —  0.8  *» 

6.  Parabolic;  J.  B.  Johnson,  p  083   p  <-  4500  —  1.0  A>.  Partially 


7.  Parabolic;  J.  B.  Johnson,  p  684   p  -  6000  —  1.5  A«.  Dry. 

8.  Straight-line;  Wm.  H.  Burr. Jt  <  20.  p  -  4400  —  0 

*  -  20  to  60,  p  -  5800  —  70  ik 

9.  Straight-line;  Jas.  H.  Stanwood.  A;  <  20.  p  -  4250  —  0 

*>20,p  -  4250  -  43:^1; 
10.  Stepped  ;  Edward  F.  Ely, 

Jb  -  0  to  15,  to  30.  to  40.  to  45,  to  50.  to  60 
p  -    4.000    3.500  3,000  2.500  2,000.  1,500 

Permissible. 

8   Baltimore  A  Ohio  R  R  Co, 

{k^  -  40)    For  *  <  17,  p  -     900-0 

For*  >  17,  o  -   1200  -  18*. 


9.  Boston  building  code *  -  0-10   10-15     15-20     20-25     25-30 

(*n«  -  30) p  -    900      850        800         750         700 

10.  New  York  building  code  {k^  -  30)       p  -  1000  -  18  k. 


Experiments. 
Ultimate. 

4*  Average  of  12  endwise  oompreasion  tests  (11)  pp  54  etc,  on  fili«rt 
yellow  pine  blocks,  from  1.5  X  1.5  inn,  3  ins  long,  to  10  X  10  ins.  20 

ins  long  ;  X;  from  2  to  3.75,  average  —  2.36 ;  p.  average,  8.105  ibs  per  s*q 
inch :  in  10  of  the  tests,  p  ranged  from  7,394  to  10,250  lbs  per  aq  ineh. 
The  other  2  were 

1.5  X  1.5  ins,  3  ins  long,  p  »  5533  ;   failed  at  knots. 

1.5  X  1.5  ins,  3  ins  long,  p  —  6355  ;   season  crack,  nearly  dividg  spec'n. 

#  Tests  of  yellow  pine  posts,  5.5  ins  square,  80  to  320  ins  long,  at  Water- 
town  Arsenal,  (12)  pp  377-«. 

Each  item  is  the  average  of  from  2  to  4  tests. 

Columns,  each  composed  of  two  or  more  sticks,  bolted  together,  showed, 
in  neneral,  no  greater  strength,  in  pounds  per  square  inch,  than  did  the 
single  sticks  of  which  they  were  built  up. 

A     Riga  and  Dantsic  firs.  13  ins  sq,  20  ft  long.     Kirkaldy. 

Mr.  Smith's  formulas  represent  his  1200  tests  of  full-siie  oolumns. 

The  formula  of  the  U.  S.  Division  of  Forestry  closely  represents  the 
results  of  50  tests  by  that  Division. 
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IBON  AND  STEBL. 


RE^VIKEHEinnil  FOB  IROM  AMD  8TEEI.. 

(See  alflo  Bridge  Specifioatiom.) 
Divest  of  Speeiflcatlons  adopted,  8ttb|ect  to  letter  ballot,  at  4th  Anmd 
Meeting  of  the  Amerleaii  Section  of  the  Internatloiial  Am— ciatl— 

for  Testlns  Materials,  Jane  29,  1901.    Adopted  hj  letter  ballot,  Augu^ 
1901,  ezoept  wrougbt  iron,  on  vhich  action  was  dererred. 

Process  of  Hanafiictare. 

Wrought  iron ;  paddled,  charcoal  hearth,  or  rolled  from  fagota  or  pilea  oiade 
firom  wrought  iron  scrap,  alone  or  with  muck  bar  added. 

Steel  castings.    Open-hearth,  crucible  or  Bessemer  prooesa. 

Steel  forgings.    Open-hearth,  crucible  or  Beaaemer  process. 

Steel  Kails.  Bessemer  or  open-hearth.  Ingots  shall  be  kept  Tertfeal  in  pJi- 
heating  furnaces.  No  bled  ingots  shall  be  used.  Sufficient  material  shall  be  dit* 
carded  from  the  tops  of  the  ingots  to  insure  sound  rails. 

Steel  Splice  Bars.    Bessemer  or  open-hearth. 

Boiler  Plate  and  Rivet  SteeL    Open-hearth. 

Structural  steel  for  bridges  and  ships.    Open^bearth. 

Structural  steel  for  buildings.    Open-bearth  or  Bessemer. 

Test  Pieces. 

For  flat  plates,  the  specimen  shown  in  Fig.  J  shall  be  naed. 
For  large  rounds,  test  specimen  as  shown  in  Fig.  K.    The  center  of  the 
men  shall  be  half  way  between  the  center  and  the  outside  of  the  roand. 
Whenever  possible,  iron  shall  be  tested  in  full  sise,  as  rolled. 
Test  specimens  shall  be  cut  from  bar  as  rolled. 
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Tests. 

HtelLtiiiir  tests.  The'tpeclmen  shall  be  slightly  and  eveolf  nicked  on  one 
side,  and  bent  back  at  this  point  through  an  angle  of  180°  by  a  succession  of 
light  blows. 

llot  iMndlnir  tests.  Specimens  shall  be  heated  to  a  bright  red,  and  bent 
by  pressure  or  by  a  succession  of  light  blows  and  without  hamiueriiig  on  heud. 

Cold  bendliigf  tests.  Specimen  to  be  bent  by  pressure  or  by  a  succession 
of  lisht  blows. 

Yield  point.  The  yield  point  shall  be  determined  by  careful  observation 
of  the  drop  of  the  beam  or  halt  in  the  gage  of  the  testing  machine. 

Drop  tests.  The  drop  testing  machine  for  rails  shall  have  a  tup  of  2000 
pounds,  the  striking  face  of  which  shall  have  a  radius  of  not  more  than  5  ins ; 
and  the  test  rail,  not  more  than  6  feet  long,  shall  be  placed  head  upwards  on 
solid  supports  3  ft  apart  The  anvil  block  shall  weigh  at  least  20,000  lbs,  and  the 
supports  Bhadl  be  a  part  of,  or  firmly  secured  to,  the  anvil.  Height  of  drop  from 
15  ft  for  45  B)  rail  to  19  ft  for  85  lb  and  orer.  One  test  piece  shall  be  selected  , 
front  every  fifth  blow. 

Homoipeneltjr  tests  for  Are  box  steel.  A  portion  of  the  broken 
tensile  test  specimen  is  either  nicked  or  grooved  A  inch  deep,  in  three  places 
alMMK  2  ins  spart  and  on  opposite  sides.  It  is  then  clamped  in  a  vise  and  broken 
off.  by  light  hammer  blows,  bending  away  fh>m  each  groove  in  succession.  The 
speciuieu  must  not  show  any  single  seam  or  cavity  more  than  ^  inch  long. 

Hotes  te  table,  pp  1158  and  115S. 

(a)  To  be  bent  flat 

(b)  Specimen  to  be  bent  about  a  bar  of  diameter  equal  to  its  own  diameter  or 
thickness. 

fc)  Specimen  to  be  bent  about  a  bar  twice  its  ^ameter. 

(d)  Llongation,  min,  per  cent,  in  sections  less  than  0.654  lbs.  per  linear  ft, 
grade  A, 19;  B,  15;  C,  ll 

(e)  Nicking  test    Max  per  cent  granular  surface,  irrade  A,  10;  B,  10;  C,  15. 
m  Hot  bending  test    Bar  to  be  oent  without  cracKing  on  outside  of  bend. 

To  oe  bent  flat  in  each  grade;  ISO*'  in  grades  A  and  B,  and  sharply  to  90° 
in  C.  Grade  A,  heated  yellow  and  suddenly  quenched  in  water  between  80*^ 
and  90^'  P,  to  bend  flat  ISO^.  Also,  heated  bright  red,  split  at  end,  and  each  part 
bent  back  19fP,  Punched  and  drifted  to  hole  at  least  0.9  diam  of  rod  or  width  of  bar. 

(g)  Phosphorus,  pieces  for  physical  test,  0.06  for  each  grad& 

(n)  Sulphur,  pieces  for  physical  test,  0.09  for  each  grade. 

(i )  Bending.  Specimen  1  inch  X  H  1"<^^  ^  ^°^  ^^^  around  a  diam  of  1  inch 
wit  bout  fracture  on  outside  of  bent  portion. 

(j)  Bending.  Specimen  1  inch  X  }i  inch  to  bend  cold,  without  fraotare  on 
oulsi<le  of  bent  portion,  around  a  diameter  of  ^  inch. 


(k)  Same,  around  diam  of  1!^  in?. 

0)-  


V .  /  Same,  around  diam  of  134  ins  if  not  less  than  20  ins  diam ;  around  a  diam 
of  1  inch  if  less  than  20  ins  diam. 
(ra)  Same,  about  a  diameter  of  1   inch. 
(n)      "        •*  "       "  y^    " 

(p)  Deduct  1  per  cent  for  each  ^  inch  in  thickness  aboTc  %  inch,  and  2}^  per 

cent  for  each  —  inch  below  -  inch. 
10  Id 

(q)  Bending.  Rivet  rounds  to  be  tested  of  full  size,  as  rolled.  Plate  speci- 
mens shall  be  1}4  2oB  wide.  For  plates  not  over  %  inch  thick,  the  thickness 
shall  be  the  same  as  that  of  the  plate,  and  the  specimen  shall,  where  possible, 
have  the  natural  rolled  surface  on  two  opposite  sides.  For  plates  thicker  than 
^  inch,  the  specimen  may  be  ^  inch  thick.  Shall  be  subjected  to  both  cold  and 
quenched  bending  tests.  For  tne  quenched  test,  the  material  is  to  be  heated  to 
a  light  cherry  red  (as  seen  in  the  dark)  and  quenched  in  water  of  temperature 
between  BfP  and  90°  Fahr.  Samples  shall  bend  flat  without  fracture  on  the 
outside  of  bent  portion.    Bending  may  be  done  by  pressure  or  by  blows. 

(r)  For  pins,  the  elongation  shall  be  5  per  cent  less.  Center  of  test  specimen 
1  inch  from  surface. 

(8)  Eye-bars  shall  be  of  medium  steel.  Full-sised  tests  shall  show  12>^  per 
cent  elongation  iu  15  ft  of  body.  Min  tensile  strength,  55,000  Jba.  per  sq  in. 
At  least  %  of  eye-bars  tested  shall  break  in  the  body. 

(t)  Same  as  (q)  but  omitting  quenching  test  n;  .mv^^  h  I  ^ooo  IP 

(u)  See  Homo^eity  Test,  in  text,  above.  ^'^"^^^  ^^  "^OOg IL 
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not«B,  p.  1151. 

IMiiSftff 

Allowable  percentage  of 

MetaL 

Carbon. 

Phos- 
phorus. 

Sal- 
phar. 

Mangan- 
eses 

IVrought  Iron. 

Grade  A 

Max. 

Mar. 

Max. 

Max.  Min. 

Max.MlB 

Grade  B 

Grade  C 

5TEKL  Castings. 

Hard 

.   0.40 
0.40 
0.40 

a08g 
0.08  g 
0.08  g 

0.05  h 
0.05  h 
0.05  h 



Medium ..... 

Soft 

Stbbl  F0R01N0& 

0.10 
0.06 
0.04 

0.04 

0.10 
0.06 
0.04 

0.04 

'.'ZZZZ 

'4.00  100* 
4.00  100 

CarboD,  not  anoealed.... 
Carbon,  annealed 

• 

Carbon  oil  temoerad 

Nickel,  annealed.. 

Nickel,  oil  tempered 

)TKRL  Rails. 

50  to  59  lbs.  per  rard 

60  to   69  *'     "      "    .... 
70  to   79  "     "      «    -... 
80  to   89  •*     "      "    

Max.  Min. 
0.45  0.85 
0.48  0.38 
0.50  0.40 
0.53  0.48 
0.55  0.45 

0.10 
0.10 
0.10 
0.10 
0.10 

0.20 
0.20 
0.20 
0.20 
0.20 

1.00  a7o 

1.00  0.70 
1.05  0.75 
1.10  0.80 
1.10  0.80 

:::::::::::j 

90  to  100  "     "      "    «... 

$TRRL  Spltcb  Bars  ......^.. 

Max. 

0.15 

0.10 

0.60  0.80 

>PEN     Hrarth     Boilrr 

Plate  and  Rivrt  Steel. 

Flange  or  Boiler  Steel ... 

acid  basic 
0.06  0.04 
0.04  0.03 

a04  0.04 

ao5 

0.04 
0.04 

0.6p  OM 

0.SO  aso 

0.80  0.30 

Fire  Box  Steel  „ 

Extra   Soft    Steel    for 
Boiler  Bivets.. 

iTRDCTURAL    STRBL    FOR 

Bridges  and  Ships. 
Rivet  Steel 

acid  basic 
0.08  0.06 
a08  0.06 
0.08  0.06 

0.06 
0.06 
0.06 



Soft  Steel 

Medium  Steel 



Buildings. 
Rivet  Steel 

Max. 
0.10 
0.10 

Medium  Steel 

"gl 

ze'd'Br^V -"1 
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See  notea,  p.  1151. 


Tensile  Testa. 

Cold  Bending 
Tests, 

Strength.  lbs.  per  sq.  in. 

Elaatie  Limit 

and 
Yield  Point 
&».  per  8q.  in. 

Elonga- 
tion. 
Per- 
centage 
in  8  ins. 

Con- 
traction 
of  Area. 

Per- 
ceutage: 

Angle 
ofBend. 

How 
Bent 

ii 

Max. 

Min. 
50,000 
48,000 
48,000 

Yield  Point 
Min. 
25,000 
25,000 
25,000 

Min. 
25d 
20  d 
20d 

Min. 

o 
180 
180 
180 

a 
b 
c 

A    f 



vi 

8S,000 
70,000 
60,000 

88,250 
81.500 
27,000 

15 
18 
22 

20 
25 
SO 

i 
i 

1 

90 
120 



ATerage. 
58,000 
75,000 
75,000 

85,000 
80,000 
90.000 

Arerage. 

29,000 

87,500 

37,500 

Elastic  Limit 

Avge. 
28 
18 
23 

21.6 
24.5 
22.5 

80 
82.5 

42.5 
42.5 
47.5 

180 
180 
180 

180 
180 
180 

1 

m 
n 

0 



47,600 
60,000 



See  Drop  Test,  in  text,  aboro. 

64,000 

Min. 
54,000 

Min. 
82,000 

Min. 
25 

180 

a 

65,000 
62,000 

56,000 

55,000 
52,000 

46,000 

Max.  and  Min. 
Birenglh. 

25  p 
26p 

28p 

180 
180 

180 

»,q 
».q 

Q 

60,000 
62.000 
70,000 

60.000 
52.000 
60.000 

)    K  Tensile 
r   Strength.   ' 

rs, 
28p 
25  p 
22p 

180 
180 
180 

a,t 

60.000 
70,000 

50,000 
60,000 

}  'i^"^  { 

r. 
22p 

180 
180 

hyA  lOi 

a,t 
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DicMiof 
**  Mimalketareni*  Stand»rd  r 

as  adopted  by  the  Aaao^tatlon  of  

tarers,  Aug  9,  1895,  aad  revued  to  Feb  6,  1903. 


SpecifleatiOBS**  ibr  St««l, 
AmerleMi  Steel  Mannltee- 

Iq  effect  July  31.  190& 


Words  tn  parentlieMa,  in  Roman  type,  as  (May  be  open-liC«rcai 

or  Bessemer),  apply  only  to  structural  steel.  Words  in  parentheses,  in 
Ualice,  as  (four),  {two),  to  be  substituted  for  the  preceding  words  (Two>, 
(one),  for  special  open-hearth  plate  and  rivet  steel.  Otherwise,  anci  except 
where  especially  stated,  the  provisions  apply  to  both  steels. 


(May  be  open-hearth  or  Bessemer.) 

**  Tests  and  laspeetions  shall  be  made  at  the  plaoe  of  numufscture 
prior  to  shipment." 


Test  pieees. 
Standard  test  pteee  Iter  sheared  plates. 


See  Fig  J,  p  ll5a 


Test  pieees  from  other  material,  either  as  above  or  plsned  or 
turned  parallel  thruout  length  of  piece. 
In  all  cases  two  opposite  sides  of  test  piece  to  be  rolled  svrAifecs  if 

possible. 

**Rlyet  rounds  and  small  bars  shall  be  tested  of  full  aiae  aa 
roUed." 

'*  Two  (four)  test  pieees  shall  be  taken  from  each  melt  (or  blow)  of 
6nished  material,  one  (two)  for  tension  and  one  (tvoo)  for  bending;  but  in 
case  either  test  develops  flaws,  or  the  tensile  test  piece  breaks  outside  of  the 
middle  third  of  its  gaged  length,  it  may  be  discarded  and  another  test  piece 
substituted  therefor." 

"When  material  is  to  be  annealed  or  otherwise  treated  before 
use,  the  specimen  representing  such  material  shall  be  similariy  treated  before 
testing."  Otherwise,  the  material  "shall  be  tested  in  the  condition  in  which 
it  comes  from  the  rolls." 

"Every  finished  piece  of  steel  shall  be  stamped  with  the  (blow  or) 
melt  number,  (and  steel  for  pins  shall  have  the  blow  or  melt  number  stamped 
on  the  ends).  Rivet  (and  lacing)  steel,  (and  small  pieces  for  pin  plates 
and  stiffeners),  may  be  shipped  m  bundles  securely  wired  togethm-,  with 
the  (blow  or)  melt  number  on  a  metal  tas  attached." 


1  phosphorus  and  snlphnr,  per  cent. 


Maxima 

Structural 

for  buildings,  train  sheds,  highway  bridges,  etc  . 

for  railway  bridges 

Special 

flange  or  boiler  steel 

extra  soft  and  fire  box  steel 


Phosphorus 
(TlO 

ao6 


0.06 
0.04 


Sulphur 


0.04 
0.04 


Meehanieal  Properties. 


Bending  testi 

180**  without   fracture   on 

outside  of  bent  portion 

to  a  diam  ~ 

Ult     tensile     strength    in 

thousands  of  lbs  per  sq 

in 


Elongation  (for  deductions 
etc  see  below)  

Elastic  limit 


Structural  Steel 


Rivet 


48  to  58 


bri< 


idge  ! 


dium 


55  to  65 


60  to  70 


1.400,000  +  ult  strength 


Special  Steel 


Extra 

soft* 


Fin 
box 


Ot 

45  to  55 
28% 


Ot 

52  to  62 
26% 


Flange 
or  boiler 


Ot 

55  to  65 

25% 


Not  less  than  half  the  ultimate  strength 


«BoiIer  rivets  to  be  of  "extra  soft "  steel.  t  Cold  or  quenoh  beoda 

^'  -  thickness  of  test  piece. 


IBON  AND  STEEL. 
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Eloni^Atioii,  in  roundB  %  in  or  le^s,  measured  in  a  length  —  8  X  diam 
of  section  tested ;  in  other  oases,  zoeasttred  in  length  of  8  ins.  From  the 
specified  elongations ;  dedactionfl  to  be  made  as  follows  on  aoooimt  of 
tbiekness:  for  eaclB  Increase  of  %  inch  aliove  %  Inch,  1% :  (min 
20%  for  eye-bar  material,  18%  for  other  structural  material):  for  each 
«leerea*e  of  Ha  inch  below  i^ie  inch,  2.5%:  (for  pins,  5%;  elongation 
measured  "  on  a  test  piece,  the  center  of  which  shall  oe  one  inch  from  the 
surface  of  the  bar.") 

Pereentagre  of  allowed  vartatfon  tn  welstai  or  cro—  see- 
tioD  of  iitaeared  plates. 

Wlien  ordered  to  wetgrl^^ 


Weight  oer  so  ft 

^    19.fi  IhA 

<  12.5  lbs 

Width,  ins 

Variation.    %r*tr.t.ttttttTr^" 

<76 

±  2.5 

75  to  100 
+  6,-3 

<100 
+  10,-3 

<100 
±2.6 

<100 

±  5 

iriieii  ordered  to  ffagre*  percentage  of  excess  in  rectangular  plates. 
(Plates  >  0.01  inch  light,  oonsid«^  up  to  gage.) 
1  cu  in  rolled  Fteel  assumed  •-  0.2833  1>> 


Thickness 
ins. 


%to%t 
%sto^« 
%sto% 

% 


<50     60  to  70      >70 


Width,  ins. 
<75     75  to  100     100  to  115      >  115 


10 
8.5 
7 


15 

12.5 

10 


20 
17 
15 


.10 

..  8 

..  7 

..  6 

..  5 

..  4.6 

..  4 

..  3.6 


14 
12 
10 

8 

7 

6.5 

6 

5 


18 
Id 
13 
10 

0 

8.5 

8 

6.5 


17 
13 
12 
11 
10 
9 


In  other  cases, 'a  rariation   >  2.5%  in  weight  or 
sufficient  cause  for  rejection. 


section  will   be 
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LlOO  IBOir    AND  STEEL. 

Iron  to  weakened  bj*  extreme  cold. 

The  belief  (origiDating  with  Styffof  Sweden)  is  gaining  groand  that  iron  tnd 
■teel  are  not  rendered  more  brittle  bp  iniente  eold^  out  that  the  great  nnmbcr  ti 
breakagea  of  raila,  wheela,  azlea,  Ao,  in  winter,  is  owing  to  the  more  aeTere  blow* 
inddeat  to  the  frnen  and  unyielding  nature  of  the  earth  at  that  period  of  the  yf«r. 
But  Sandberg*8  experiments  show  conclusively  that  althongh  those  metals  may  per 
haps  bear  as  much  deadjf  force,  gradmuUjf  applied,  in  winter  as  in  summer,  yet  their 
resistance  to  impuUtf  or  tuddem  force^  is  not  mors  than  H  or  ^  as  great  in  sevrrv 
cold :  which  renders  them  less  flexible  and  leas  stretchy.  It  Is  probable  thai  thtt 
fiict  does  not  recelTe  as  much  attention  as  it  should,  in  proportioning  iron  bridges,  Ac 

Some  experiments  with  good  wrouc^t  iron  showed  that  even  at  'I3P  Vmh,  or  onlf 
99  colder  than  fireeaing  point,  there  «w  »  loai  of  atreogth  of  ftom  2^  to  4  ^ 
sent. 

Malleable  Cast  Iron.  Experiments  by  Mr.  D.  L.  Bamea,  of  Chicago,  on 
a  large  number  of  samples  of  a  single  malce  of  ** malleable"  cast  iron,  gave  in 
most  cases  tensile  strengths  ranging  from  24000  to  82U0O  lbs.  r«r  soua  e  inch, 
with  an  averaee  of  aijout  28000  lixi  The  higher  figun^a  were  obtaineo  generally 
with  the  smnllest  bars  i about  3  X  ^  inch)  and  the  lower  with  the  laraest  bars 
(about  8  X  1  inch).    Pieces  planed  on  all  four  sides  averaged  only  about  240()ri  ibv 

Cr  square'inch.   This  may  explain  the  difference  in  favor  of  the  smaller  seciion«, 
which  tlie  original  '*  shall "  forma  a  larger  portion  of  Uia  wliole  croaa  seccioa. 

CAST  IROH. 

Tensile  8trength.......^..-^^.....^....M.^......^  14,000  to  10,000  fta  e  par  ad  indh 

Compressive  strength  (average  about  100,000)..  90,000  to  180,000  "        ••  ^  - 
Transverse  strength,  bar  1  in  sq,  1  ft  span, 

center  load  2500  ns.   Deflection,  minimum, 

0.15  inch. 

Elastlo  limit.. ....^^oibout         6,000  Iba  per  aq  Inch 

Modulua  of  Elasticity.. "     16,000,000  <«     ••         •• 

S^Melileatlona* 

Tensile  strength. 

Bureau  of  Water,  Philadelphia 16,000  to  20,000  fta  per  n  Inek 

Water  Department,  St  Louis,  Mo 18,000  «       •*        « 

Transverse  strength. 
Bureau  of  Water,  Philadelphia. 
1  in  sq,  66  ins  span,  center  load  600  lbe» 

1  in  sq,  86  ins  span,      "         **    750  lbs.    Deflection,  minimum,  0.4  to  OJ  lik 
Water  Department,  St  Louia,  Ko. 
8  in  X  ><S  in  (Iftla  flat)  18  Ina  apan,  center 
load  lOiDO  to  125a  Iba.    Minimum  deflection  0.8  to  %  indi. 

Welsh t  of  Cast  Iron. 
Aaeamlnir  450  Ibe  per  cnb  ft,  specific  gravity  7.2,  a  cab  incJi  welgfai 
0.2604+  lbs ;  and  a  pound  contains  3.83995+  cub  ins. 

Table,  paff  e  875 :       D  =  thickness  or  diameter,  in  inches. 

Wt  of  plate,  1  fl  square,  in  lbs  =  87.6     D  (Exact)  Log  W  » 1.574  0818  +    Log  D 

«'    **  sq  bar,  1  a  long,  iu  lbs  =    8.126  DS  (Exact)  Log  W  s=0.494  8000  +2LogD 

•'    "  rd  bar.  1  a  long,  iu  *bs  =i    2.45487  DA  Log  W  «  ^888  94u0  +  2  Log  U 

•«    '«ball,  in  lbs  «   0.136854  DS  Log  W»  1.184  655! +8  Log  D 

Weight  of  a  aptaerleal  shell  »  weight  of  ball  having  outar  diam  of 

shell  minus  weight  or  ball  having  ita  inner  diam. 

Weiffht  of  pattern.  A  casUng  weighs  20  X  weight  of  pattern  of  per- 
fectly dry  white  pine.  If  not  perfectly  dry,  although  well  aeasoned,  for  SO, 
Bubstitute  19  or  18. 

For  lead,  at  700  lbs  per  cub  fL  multiply  weight  of  oast  iron  hy  L56B ; 


For  copper,  at  650  lbs,  multiply  by  1.222 — -; 

For  braae,  at  600  lbs,  multiply  by  1.111 ; 

For  wronsht  Iron,  at  485  lbs,  multiply  by  L0777 


For  tin,  at  460  lbs,  multiply  by  1.022 ; 

Sine,  at  460  lbs  »  cast  iron. 


•High  grade  Irons  may  reach  80,000  to  40,000  ha  per  aq  inch,  tenaih. 
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TAB1.E  OF  WEIGHT  OF  CAST  IROlf . 

At  490  fts  per  eabic  foot ;  specific  graTity,  7.2. 


D 

=  Thickness  or 

diameter 

,  in  inches.    For  equlntlents  in 

feet,  see 

p22L 

1> 

Weifptatii,  in  pounds. 

D 

Welirlite*  i"  pounds. 

Plate 
Iftsq. 

Round 
bar 

Boll. 

Plate 
Iftsq. 

Tr 

Round 
bar 

Ball. 

1  J'l  J>nlg 

1  ft  long 

1  ft  long 

1  ft  long 

1IS2 

1.172 

0.0031 

0.0024 

Z% 

117.2 

80.62 

23.97 

4.161 

1/16 

2.844 

0.0122 

0.0096 

74 

121.9 

83.01 

26.92 

4.681 

8/32 

3.516 

0.0275 

0.0216 

0.0001 

8Z 

126.6 

35.60 

27.96 

6.242 

1/8 

4.688 

0.0488 

0.0383 

0.0008 

iz 

131.2 

38.28 

30.07 

5.846 

6/32 

5.899 

0.0763 

0.0599 

0.0U06 

/L 

135.9 

41.06 

82  25 

6.496 

3/16 

7.031 

0.1099 

0.0863 

0.0009 

i 

140.6 

43.94 

84.51 

7.191 

7/5J2 

8.203 

0.1495 

0.1174 

0.0014 

145  3 

46.92 

36.85 

7.934 

1/4 

9.375 

0.195:* 

0.1634 

0.0021 

4. 

150.0 

60.00 

30.27 

8.727 

9/32 

10.55 

0.2472 

0.1941 

0.0030 

154.7 

63.17 

41.76 

9.671 

6/16 

11.72 

0.3a52 

0.2397 

0.0042 

1/ 

159.4 

66.45 

44.88 

10.47 

11/32 

12.89 

0.3693 

0.2900 

0.U056 

BZ 

164.1 

69.81 

46.98 

11.42 

8/8 

14.06 

0.4394 

0.8451 

0.0072 

79 

168.8 

63.28 

49.70 

12.43 

13r32 

15.23 

0.5137 

0.4061 

0.0091 

7» 

173.4 

66.84 

62.60 

13.49 

7/16 

16.41 

0.5982 

0.4698 

0.0114 

i 

178.1 

70.61 

65.88 

14.61 

15/32 

17.58 

0.6866 

0.5393 

0.0140 

182.8 

74.27 

58.38 

15.80 

1/2 

18.75 

0.7812 

0.6136 

0  0170 

6. 

187.5 

78.12 

61.86 

17  04 

9/16 

21.00 

0.9888 

0.7766 

0.0243 

^ 

192.2 

82.08 

6447 

18.:$5 

5/8 

23.44 

1.221 

0.9587 

0.0388 

G 

196.9 

86.13 

67.66 

19.73 

11/16 

25.78 

1.477 

1.160 

0.0443 

ftZ 

201.6 

90.28 

70.91 

21.17 

8/4 

28.12 

1.758 

1.881 

0.0576 

i 

206.2 

94.63 

74.24 

22.69 

13/16 

80.47 

2.063 

1620 

0.0731 

210.9 

98.88 

77.66 

21,27 

7/8 

32.81 

2.893 

1.879 

0.0918 

215.6 

103.8 

81.16 

25.92 

16/16 

35.16 

2.747 

2.157 

0.1124 

220.3 

107.9 

84.71 

27.f.5 

1. 

37.50 

3.125 

2.454 

0.1363 

6. 

225.0 

112.5 

88  36 

29.45 

1A6 

39  84 

3.528 

2.771 

0.1636 

IZ 

234.4 

122.1 

95.87 

3:129 

1/8 

42.19 

3.965 

3.106 

0.1941 

12 

243.8 

182  0 

103.7 

37.45 

8/16 

44.58 

4.407 

3.461 

0.2283 

% 

263.1 

142.4 

111.8 

41.94 

1/4 

46.88 

4.883 

3.836 

0.2663 

7. 

262.5 

153.1 

120.3 

46.77 

6/16 

49.22 

5.383 

4.228 

0.3083 

H 

271.9 

164.3 

129.0 

51.96 

8/8 

51.56 

5.908 

4.640 

0.3545 

i 

281.2 

175.8 

188.1 

57.52 

7/16 

63.91 

6.458 

5.072 

0.4050 

290.6 

187.7 

147.4 

6.547 

1/2 

56.25 

7.031 

6.522 

0.4602 

8. 

300.0 

200.0 

157.1 

09.81 

9/16 

58.59 

7.629 

5.992 

0.5202 

1/ 

809.4 

212.7 

167.0 

7G.57 

6,8 

60.94 

8.252 

6.481 

0.5861 

318.8 

225.8 

177.3 

83.74 

11/16 

63.28 

8.899 

6.989 

0  6652 

yi 

328.1 

239.3 

187.9 

9135 

3/4 

65.62 

9.570 

7.617 

0.7.^?08 

9. 

337.5 

253.1 

198.8 

99.40 

13/16 

67.97 

10.27 

8.063 

0.8119 

i^ 

346.9 

267.4 

210.0 

107.9 

7/8 

70.31 

10.99 

8.629 

0.8988 

79. 

356.2 

282.0 

221.5 

116.9 

15/16 

72.66 

11.73 

9.213 

0.9917 

yi 

865.6 

297.1 

233.3 

126.4 

2. 

75.00 

12.50 

9.818 

1.091 

375.0 

312.5 

245.4 

136.3 

1/8 

79.69 

14.11 

11.08 

1.308 

1^ 

384.4 

328.8 

257  9 

146.8 

1/4 

84.38 

15.82 

12.43 

1.553 

393.8 

344.5 

270  6 

157  9 

8/8 

89.06 

17.63 

13.84 

1.827 

403.1 

861.1 

28:i.6 

160.4 

1/2 

98.75 

19.53 

15.34 

2.131 

11. 

412.5 

378.1 

297.0 

1M1.5 

6j8 

98  44 

21.63 

16.91 

2.466 

H 

421.9 

395.6 

310.6 

194.1 

8/4 

103.1 

23.68 

18.56 

2.836 

431.2 

418.8 

324  6 

2«»7.4 

7/8 

107.8 

25.83 

20.29 

3.240 

^ 

440  6 

481.6 

838.9 

221.2 

& 

112.6 

28.12 

22.09 

3.682 

1 

460.0 

460.0 

853.4 

235.6 
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WEIGHT  OF  CAST.IROM  PIPES  per  mnnlnft  ffb^t. 

AMnming  the  weight  of  caat-lron  at  460  Ibe  per  cnb  ft,  or  .2004  lb  per  cob  inch.  Ne 
allowance  is  nere  made  for  the  spigot  and  faucet- joints  need  in  water-pipes.  As 
these  are  now  commonly  made,  they  add  to  the  weight  of 

each  length  or  section  of  pipe  of  anT  siie,  abont  as  mnch  as  that  of  8  inches  i» 
length  of  the  plain  pipe  as  giren  in  the  table. 

Fop  leitd-pipe  mult  by  1.6;  <wpper,  mnlt  by  IS;  hrmam^mOd  l-9tk  i 
welded  Iron*  mult  by  1.U<k57,  or  add  one  fifteenth  part. 


Hi 

THICXKX88  or 

PITS  IN 

ZN0HX8. 

Ll 

)< 

H 

H 

H 

H 

X 

1 

Wt  Id 

Wt  Id 

wt  to 

iyi\  iH  ]    8 

WliD 

WtiQ 

WtiD 

WfciB 

Wl  Id 

Wt  la 

Wt  IB 

Wt  lo.Wl  Id  Wt  la 

LiM. 

Lb«. 

Lbs. 

Lb*. 

Lbs. 

Lb*. 

Lbt. 

Lb*. 

Lbs. 

Lb*. 

Lb^ 

Lba.  1  Lte. 

1 

8.07 

5.07 

T.88 

9.99 

11.9 

16.8 

19.7 

18.5 

17.7 

8-Jl 

M.9 

47.4I    fla.l 

'^ 

8.09 

6.00 

8.81 

11.5 

14.8 

18.8 

12.1 

88.8 

80.8 

m,^ 

40.8 

ftl.Tl     C4.8 

4.30 

6.91 

9.84 

18.1 

16.6 

89.5 

84.6 

89.1 

88.8 

8f  9 

44.8 

5a.o'    «8J 

H 

4.93 

7.84 

11.1 

14.6 

18.5 

11.6 

r.i 

S1.8 

86.9 

12^ 

4SJ» 

•0.3      7U 

s. 

5.&S 

8.78 

12J 

16.8 

10.8 

84.8 

J9.5 

84.6 

40.0 

*U  7 

M.7 

•4.«i     78.7 

8 

«.I5 

9.89 

18.5 

17.7 

Ml 

86.9 

88.0 

87.4 

48.1 

41' fl 

5&4 

«L9 

88.7 

e.7« 

10.6 

14.8 

19.1 

84.0 

89.1 

84.6 

40.1 

46.1 

fc?l 

bB.i 

n.t 

8U6 

h 

7.87 

11.5 

18.0 

90.8 

85.9 

81.8 

86.9 

48.9 

49.1 

5f.8 

«J7 

n.ft 

•tJ 

8. 

7.98 

18.5 

17.8 

18.8 

87.7 

88.4 

89.4 

45.7 

51.8 

^  i 

884 

81.8 

88.4 

^ 

8.00 

13.4 

18.5 

S.8 

89.6 

85.5 

41.8 

48.4 

554 

8.' 3 

10.1 

88.1 

101. 

9.11 

14.8 

19.7 

tf.4 

81.4 

•7.7 

44.3 

61.8 

58.4 

8(.» 

73.8 

•0.4 

108. 

H 

9.88 

15.8 

30.9 

189 

83.1 

89.8 

46.8 

64.0 

613 

8!'.  3 

n.ft 

94-7 

118. 

4. 

10.8 

16.1 

11.1 

18.5 

85.1 

48.0 

49.3 

66.7 

64.6 

TL'7 

aj.8 

•9.0 

118. 

^ 

11.1 

17.1 

13.4 

80.0 

869 

44.1 

51.7 

M.5 

67.7 

Ttl 

M.9 

lOt. 

188. 

11.7 

18.0 

11.6 

81.5 

88.8 

46.3 

64.1 

68.3 

70.7 

Tl'i 

r«.6 

18ft. 

18BL 

1^ 

18.8 

18.9 

158 

88.1 

40.6 

48.5 

56.6 

66.0 

73.8 

K  t 

978 

lit. 

ML 

ft. 

18.9 

19.8 

87.1 

84.6 

48.5 

50.8 

69.1 

67.8 

76.9 

872 

98.0 

lie 

180. 

18.8 

89.8 

n.8 

80.1 

44.8 

58.8 

61.5 

70.6 

80.0 

9i»« 

w.t 

m. 

141. 

14.8 

81.7 

89.5 

87.7 

46.1 

54.9 

64.0 

78.8 

83.0 

94  0 

10*. 

18ft. 

lA 

W 

14.8 

83.6 

80.8 

89.8 

48.0 

67.1 

«.4 

76.1 

86.1 

rti 

]0T. 

19. 

UL 

c. 

16.4 

83.5 

31.0 

40.8 

49.8 

50.1 

68.9 

78.9 

89.1 

»:k 

J 11. 

184. 

168. 

H 

18.8 

85.4 

815 

a.8 

53.5 

68.5 

78.8 

84.4 

95.8 

107. 

ni. 

14S. 

101. 

7. 

17.8 

87.1 

88.9 

48.9 

57.9 

87.8 

18.7 

89.4 

vn. 

Il.n 

]«. 

l&l. 

m. 

H 

19.1 

89.1 

88.4 

50.0 

80.9 

71.1 

83.7 

96.6 

106. 

lUi. 

TtJ. 

16*. 

187. 

8. 

90.8 

80.9 

41.8 

53.1 

64.8 

76.4 

88.8 

101. 

114. 

ir 

14>9. 

1«. 

191. 

H 

81.5 

82.8 

44.8 

56.1 

68.8 

80.7 

93.5 

107. 

180. 

181. 

]*>*. 

m. 

897. 

9. 

xa.8 

84.8 

48.8 

SS.8 

71.0 

85.1 

98.4 

111. 

188. 

14P 

K-i. 

186. 

HI. 

H 

840 

88.4 

49.8 

61.8 

75.7 

89.8 

108. 

118. 

18X 

147 

ICL 

194. 

Stf. 

10. 

8S.1 

88.8 

51.7 

65.8 

79.4 

93.8 

108. 

118. 

188. 

164 

]■«. 

IDS. 

88k 

H 

88.4 

401 

54.1 

68.4 

83.0 

97.9 

118.1 

139. 

14A. 

ICI, 

177. 

HI. 

81k 

11. 

17.6 

42.0 

58  6 

71.5 

86.7 

101. 

118. 

184. 

151. 

1*- 

l^'-V 

880. 

WL 

H 

28.8 

4.1.8 

59.1 

74  6 

90.4 

107. 

113. 

140. 

157. 

m 

VJX. 

8flL 

HBh 

•t. 

80.0 

45.7 

81.^ 

77.7 

94.1 

111. 

118. 

146. 

168. 

181. 

l^H. 

887. 

878. 

U 

815 

40.4 

88.4 

88.8 

101. 

189. 

188. 

16C 

175. 

W 

314. 

864. 

894. 

L 

85.0 

531 

71.4 

89.4 

109. 

in. 

148. 

188. 

188. 

»- 

W9. 

871. 

814. 

i. 

37.4 

58.7 

76.8 

96.1 

118. 

187. 

158. 

179. 

900. 

«: 

314, 

88L 

B. 

88.1 

80.4 

81.8 

101. 

114. 

145. 

187. 

190. 

111. 

S^. 

25^ 

806.' 

888. 

I. 

41.3 

84.1 

86.1 

108. 

131. 

154. 

in. 

891. 

ns. 

9tb 

m. 

888. 

878. 

H. 

44.8 

87.8 

91.0 

115. 

139. 

168. 

187. 

til. 

»7. 

Ui. 

»*. 

840. 

898. 

9. 

47.3 

71.5 

96.0 

111. 

146. 

171. 

197. 

888. 

949. 

ITh, 

903. 

86T. 

41L 

MO. 

49.7 

75.1 

101. 

127. 

158. 

180. 

907. 

884. 

881. 

180. 

ai7. 

87ft. 

431. 

St. 

51. 1 

78.9 

108. 

133. 

161. 

188. 

817. 

94ft. 

r4. 

819. 

x^x 

808. 

461 

u. 

SI.8 

83.8 

111. 

139. 

168. 

198. 

117. 

tfS. 

886. 

816. 

Ml. 

400. 

47L 

0. 

57.1 

88.3 

118. 

145. 

175. 

806. 

CM. 

187. 

M. 

880. 

anv. 

488. 

49L 

M. 

59.6 

88.9 

111. 

151. 

183. 

114. 

146. 

178. 

811. 

8iS. 

.17!>. 

444. 

511. 

». 

0-i.O 

93.6 

128. 

158. 

190. 

118. 

»6. 

n9. 

888. 

867, 

rwi, 

on. 

631. 

as. 

81.5 

97.3 

131. 

184. 

198. 

881. 

188. 

800. 

835. 

170 

4("(l, 

470. 

65a 

ti. 

88.9 

101. 

1.35. 

170. 

805. 

140. 

176. 

811. 

848. 

884 

iiri, 

486. 

670. 

aa. 

89.4 

105. 

140. 

178. 

112. 

148. 

9M. 

888. 

869. 

89T. 

*Mi 

618. 

580 

». 

71.8 

109. 

145. 

181. 

no. 

tf7. 

895. 

884. 

878. 

4H. 

4.»: 

6881 

886 

10. 

74.2 

111. 

150. 

188. 

117. 

888. 

805. 

845. 

884. 

414 

(/It. 

647. 

886 

81. 

78  7 

116. 

I5.S. 

IK. 

04. 

175. 

8i5. 

358. 

897. 

4*» 

4^>. 

804. 

6«. 

S4. 

79.1 

110. 

160. 

201. 

tit. 

183. 

815. 

887. 

408. 

461. 

4*Ji. 

081. 

886 

M. 

•41.8 

lis. 

185. 

207. 

149. 

91. 

885. 

878. 

411. 

4CS 

:irttf. 

088. 

6B6 

II. 

81.1 

127. 

170. 

lis. 

157. 

800. 

345. 

889. 

434. 

iV- 

rii. 

•M. 

106 

s.y 

8'S..J 

131. 

175. 

219. 

184. 

809. 

854. 

400. 

448. 

4»; 

s-w. 

088. 

nL 

M. 

810 

M4. 

180. 

125. 

171. 

818. 

884. 

411. 

468. 

•K. 

SS4. 

088. 

746 

41. 

101. 

156. 

910. 

182. 

815. 

870. 

418. 

47& 

ft.18. 

im. 

Ml. 

ns. 

814. 

48. 

m. 

178. 

339. 

S8. 

869. 

411. 

488. 

544. 

80ft. 

mt. 

*». 

860. 

886 

For  wiormlBtf  balldln«a  by  ateaaii  it  usnally  sulBoos  to  aUow  1  sq  (I 
of  cMt  ur  wmught  pipe  surface  for  each  120  cub  ft  of  space  to  be  wanned ;  and  1  aik 
ft  of  boiler  for  each  iOUU  cub  ft  of  such  space.  ^^ 
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Table  of  Weight  of  WROUGHT  IBOM  and  STEEI*. 

At  485  ttw  per  cubic  foot ;  specific  gntTlty,  7.76.    See  page  1161. 


D' 

-  Thickness  or 

Jiameter 

in  inches.    For  equivalents  in  feet,  see 

p22L 

D 

1 
Wetstatii,  in  pounds.        1 

D 

Welfrhts,  in  pounds. 

Plate 
Iftsq. 

XT 

Round 
bar 

Ball 

Plate 
iftsq. 

Square 

Round 
bar 

Ball. 

1  ft  long 

1  ft  long 

1  ft  long 

1  ft  long 

1132 

1.263 

0.0033 

0.0026 

m 

126.3 

82.89 

25.83 

4.485 

1/16 

2.526 

0.0132 

0.0103 

z4 

131.4 

36.57 

27.94 

5.045 

3/82 

8.789 

0.0296 

0.0232 

0.0001 

7b 

136.4 

38.36 

30.13 

5.650 

1/8 

5.052 

0.0626 

0.0413 

0.0003 

j2 

141.5 

41.26 

32.40 

6.301 

6/32 

6.315 

0  0822 

0.0646 

0.0006 

7B 

146.5 

44.26 

84.76 

7.000 

S/16 

7.578 

0.1184 

0.0930 

0.0010 

P. 

151.6 

47.36 

37.20 

7.750 

7/82 

8.841 

0.1612 

0.1266 

0.0015 

156.6 

50.57 

39.72 

8.051 

1/4 

10.10 

0.2105 

0.1653 

0.0023 

4. 

161.7 

53.89 

42.32 

9.406 

9/32 

11.87 

0.2664 

0.2092 

0.0033 

1^ 

166.7 

57.31 

45.01 

10.32 

5/16 

12.63 

0.3289 

0.2683 

0.0045 

^ 

171.8 

60.84 

47.78 

11.28 

11/32 

13.89 

0.3980 

0.3126 

0.0060 

176.8 

64.47 

50.63 

12.31 

3/8 

15.16 

0.4736 

0.8720 

0.0077 

181.9 

68.20 

63.57 

13.39 

13/32 

16.42 

0.5558 

04866 

0.0099 

kZ 

186.9 

72.04 

56.58 

14.54 

7/16 

17.68 

0.6447 

0.6063 

0.0123 

/B 

192.0 

75.99 

69.68 

16.76 

15/32 

18.95 

0.7400 

0.6812 

0.0151 

197.0 

80.04 

62.87 

17.03 

1/2 

20  21 

0.8420 

06613 

0.0184 

5. 

202.1 

84.20 

66.13 

18.37 

9/16 

22.73 

1.066 

0.8370 

0.0261   i 

\^ 

207.1 

88.46 

69.48 

19.78 

5,9 

25.26 

1.316 

1.033 

0.0;i59 

y. 

212.2 

92.83 

72.91 

21.27 

11/16 

27.79 

1.692 

1.250 

0.0478 

/% 

217.2 

97.31 

76.42 

22.82 

3/4 

30.31 

1.896 

1.488 

0.0620 

1| 

222.8 

101.9 

80.02 

24.46 

13/16 

82.84 

2.223 

1.746 

0.0788 

% 

227.3 

106.6 

83.70 

26.16 

7/8 

86.86 

2.579 

2.025 

0.0986 

/8 

232.4 

111.4 

87.46 

27.94 

16/16 

87.89 

2.960 

2.325 

0.1211 

237.5 

116.3 

91.30 

29.80 

1. 

40.42 

3.368 

2.645 

0  1470 

6^ 

242.5 

121.3 

95.28 

31.74 

1/16 

42.94 

3.802 

2.986 

0.1768  , 

x/ 

252.6 

181.6 

103.3 

35.88 

1/8 

46.47 

4.263 

3.348 

0.2092  t 

7a 

262.7 

142.3 

111.8 

40.36 

8/16 

47.99 

4.750 

3.730 

0.2461  1 

% 

272.8 

153.5 

120.6 

45.20 

1/4 

60.52 

5.268 

4.183 

0.2870 

7. 

282.9 

165.0 

129.6 

50.41 

6/16 

68.06 

5.802 

4667 

0.3328 

x^ 

293.0 

177.0 

139.0 

56  00 

8/8 

66.57 

6.368 

5.001 

0.3820 

Za 

303.1 

189.5. 

148.8 

62.00 

7/16 

58ul0 

6.960 

5.466 

0.4:165 

% 

313.2 

202.3 

158.9 

68.41 

1/2 

60.63 

7.578 

5.952 

0.4960  ; 

8. 

328.3 

215.6 

169.3 

75.24 

9/16 

63.16 

8.228 

6458 

0.5606  I 

x^ 

333.4 

229.2 

180.0 

82.52 

6/8 

66.68 

8.894 

6. 986 

0.6806  i 

j2 

343.5 

243.3 

191.1 

90.25 

11/16 

68.20 

9.691 

7.633 

0.7062 

/A 

353.6 

2.'>7.9 

202.5 

98.46 

8/4 

70.73 

1031 

8.101 

0.7876 

9. 

363.7 

272.8 

214.3 

107.1 

18^6 

78.26 

11.06 

8.690 

0.8750 

\i 

373.9 

288.2 

226,3 

116.3 

7/8 

75.78 

11.84 

9.300 

0.9687 

'A 

884.0 

304.0 

238.7 

126.0 

16/16 

78.81 

12.64 

9.930 

1.069 

7< 

394.1 

320.2 

251.5 

136.2 

2. 

80.83 

13.47 

10.68 

1.176 

\6. 

404.2 

336.8 

264.5 

147.0 

1/8 

86.89 

15.21 

11.96 

1.410 

\x 

414.8 

353.9 

277.9 

168.3 

1/4 

90.94 

17.06 

13.89 

1.674 

Q 

424.4 

371.8 

291.6 

170.1 

8/8 

95.99 

19.00 

14.92 

1.969 

74 

434.5 

389.2 

805.7 

182.6 

1/2 

101.0 

21.06 

16.68 

2.296 

11. 

4446 

407.5 

820.1 

195.6 

6/8 

106.1 

23.21 

18.28 

2.668 

X/ 

454.7 

426.3 

334.8 

209.2 

8M 

111.1 

25.47 

20.00 

8.056 

7S 

464.8 

445.4 

849.8 

223.5 

7/8 

116.2 

27.84 

21.86 

8.492 

7* 

474.9 

465.0 

865.2 

238.4 

Iw 

121.3 

30.81 

23.81 

3.968 

i£ 

486.0 

485.0 

380.9 

263.9 
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WEIGHT  OF  FLAT  IBOK. 


irtai  on  ft  in  lenvili  of  FLAT  1IOI.I.BD  IBOM,  At  4S«  l%s  per 
i»iC  foot.    For  CMk  iron,  dednct  Jv  part;  for  steel,  add  ^ ;  for  copper,  add 

or  cMt  brasi,  add  ^ ;  for  lead,  add  y^ ;  for  zinc,  dedoct  ^j. 


THICKKXaS  IN  J3XCBMB. 


H    I   t.l<  I     M     I  H« 


.41M 
.M88 
.5210 
.5730 
.8Z50 
.6771 
7iW 
.7812 


1.013 
l.OM 
I.IM 

i.im 

l.l'iO 
I. .103 
1.354 
l.MM 
1.4o8 
1.511 
1.563 
1.614 
1.6M 
1.719 
1.771 
1.823 
1.875 
l.»27 
l.97» 
2.031 
2.083 
2.116 
2.188 
2.210 

2.m 

2.3  U 
2.396 
2.448 
2.500 
2552 
2.604 
2.657 
2.706 
2.761 
2.813 
2.864 
2.916 
2.989 
8.021 
8.073 
8.125 
3.177 
3.229 
3.281 
3.333 
8.386 
3.438 
1.489 
3.542 
3.594 
8.646 
8.698 
8.750 
8.802 
8.854 
8.906 
8.958 
4.010 
4.062 
4.114 
4.166 
4.219 
4.270 


.6250 
.7033 
.7810 

.9375 
1.015 
1.091 
1.172 
1.26 
1.328 
1.406 
1.484 
1.562 
1641 
1.719 
1.797 
1.875 
I  954 
2.091 
2.109 
2.188 
2.286 
2.343 
2.421 
2.500 
2.578 
2.656 
2.734 
2.812 
2.891 
2.968 
.1.048 
3.125 
3.201 
3.282 
3.360 
3.438 
3.516 
.1.594 
3.672 
3.750 
3.828 
3.906 
3.984 
4.063 
4.143 
4.218 
4.296 
4.375 
4.452 
4.533 
4.608 
4.686 
4.764 
4.845 
4.923 
&.000 
5.079 
5.157 
5.SS5 
5.318 
5.391 
5.469 
5.547 
5.625 
5.703 
5.781 
5.869 
5.937 
6.015 
6.093 
6.171 
6.250 
6.827 
6.406 


.9375 
1.042 
1.146 
1.250 
1.354 
1.458 
1.562 
1.666 
1.771 
1.875 
1.979 
2.083 
2.187 
3.292 
2.396 
2500 
2605 
2.7'I8 
2.812 
2.916 
8.021 
3.125 
8.229 
3.333 
.1.438 

3  542 
3.U6 
3.750 
3.854 
3.958 

4  062 
4.166 
4.T71 
4.875 
4.479 
4.584 
4.687 
4.791 
4.896 
5.000 
5.104 
5.206 
5.318 
5.417 

5  521 
6.625 
5.729 
5.833 
5.938 
6.042 
6.146 
6.250 
6.354 
6458 
6.562 
6.666 
6.771 
6.875 
6.979 
7.088 
7.188 
7.292 
7.396 
7.500 
7.604 
7.708 
7.812 
7.916 
8.021 
8.125 
8.229 
8.SSS 
8.488 
8.M1 


1.042 

1.172 
1803 
1.4S2 
1.562 
1.692 
1.823 
1.053 
2.083 
2.214 
2.SU 
2.474 
2.605 
2.735 
2.865 
2.995 
8.125 
8.257 
8.385 
3.516 
3.646 
8.777 
8.906 
4.035 
4.168 
4.297 
4.427 
4.5.^7 
4.687 
4.818 
4.917 
5.080 
5.210 
5.340 

5  470 
5.600 
5.730 
5.860 
5.990 
6.120 
6.250 
6.380 
6.510 

6  640 
6.770 
6.906 
7.030 
7.160 
7.91 
7.490 
7.555 
7.680 
7.S10 
7.940 
8.075 
8.205 
8.333 
8.456 
8.595 
8.725 
8.855 
8.985 
9.116 
9.245 
9.375 
9.505 
9.635 
9.765 
9.895 

10.02 
10.16 
10.« 
10.41 
10.55 
10.67 


1.: 

1. 

1.563 

1.719 

1.875 

2.031 

2.188 

S.S44 

2.500 

2.656 

2.812 

2.968 

3.125 

8.282 

8.438 

8.594 

3.750 

8.908 

4.062 

4.218 


7-16 


1.458 
1.640 
1.823 
t.006 

2.188 
2.370 
2.550 
2.735 
2.916 
3.098 
8.281 
3.463 
3.646 
3.829 
4.011 
4.1SS 
4J75 
4.560 
4.739 
4^21 


I    X    I     X    I    J 


4.375  &.105 
4.533  6.288 
4.6^      6.468 


4.812 
6.000 
6.156 
5.312 
5.468 
6.621 
5.782 
5.936 
6.006 
6.25 
6408 
6.564 
6.7J0 
6.876 
7.032 
7.188 
7.344 
7.500 
7.656 
7.812 
7.968 
8.126 
8.286 
8.436 
8.592 
8.750 
8.904 
9.066 
9.216 
9.372 
9.528 
9.690 
9.846 
10.00 
10.16 
10.81 
10.47 
10.68 
10.78 
10.94 
11.09 
11.36 
11.41 
11.56 
11.72 
11.87 
12.08 
12.18 
12.84 
12.50 
12.66 
12.81 


6.65 
6.633 
6.016 
6.198 
6.380 
6.562 
6.745 
6.9J6 
7.113 
7.291 
7.476 
7.658 
7.840 
8.022 
8.304 


8.75tf 
8.933 
9.114 
9.397 
9.480 
9.668 
9.8a 
10.03 
10.30 
10.89 
10.68 
10.75 
10.98 
11.13 
11.31 
11.48 
11.66 
11.86 
13.0S 
13.21 
13.40 
13.68 
13.76 
13.94 
18.13 
1S.S1 
13.49 
13.67 
13.86 
14.04 
14.31 
14.40 
14.58 
14.76 
14.94 


1^86 

1.875 

2.0W 

2.292 

3.500! 

3.708 

3.916 

8.135 

8. 

8.542 

3.750 

SJ68 

4.16» 

4.37: 

4.683 

4.792 

6.000 

6.210 

6.416 

6j6S5 

6.883 

6.042 

6.35 

6.458 

6.666 

6.875 

7.088 

T.391 

T.500 

7.708 

7.917 

8.126 

8.333 

8.642 

8.750 

8.958 

9.167 

9.876 

9.688 

9.793 

10.00 

10.31 

10.43 

10.68 

10.88 

11.04 

11.36 

11.46 

11.66 

11.87 

13.08 

13.39 

13.60 

13.71 

12.93 

18.18 

18.83 

18.64 

18.76 

18.96 

14.17 

14J7 

14.68 

14.79 

16.00 

16.31 

16.43 

16.63 

16.84 

16.04 

16.36 

16.46 

16.66 

16.87 

17.08 


3.083  I 

3.344  1 

3605 

8.125 

SJ»\\ 
8.«4«| 


4.61 
4.948 
6.210 
6.470 
6.730 
6.990 
6.250 
6.514 
6.770 
7.083 
7.291 
7.554 
7.812 
8.070 
8.333 
8.591 
8.854 
9.114 
9.374 
9.636 
9.894 
10.16 
10.13 
10.68 
10.94 
11.39 
11.46 
11.73 
11.96 
13.34 
13.50 
13.76 
18.03 
18.38 
18.64 
18.81 
14.06 
HM 
14.66 
14.84 
16.11 
16J6 
16.63 
16.88 
16.16 
16.41 
16.M 
16.91 
17.19 
17.46 
17.71 
17.97 
18.38 
18.49 
18.76 
19.00 
19.37 
19.61 
19.79 
30.04 
30.83 
30.66 
30.83 
31.10 
31.84 


2U>I2 
3.1-15 
S.43S 
8.750 
4.062 
4J75 
4.688 
5.000 
5.312 
5  624 
5.936 
6.^0 
6.564 
6.876 
7.18S 
7.500 
7.816 
8.124 
8.436 
8.750 
9.066 
9.3T2 
9.684 

10.00 

10.31 

10.63 

10.94 

11.36 

11J6 

11.87 

12.19 

12.50 

12.81 

13.18 

13.44 

18.76 

14.00 

14.37 

14.69 

15.00 

16JI 

15.62 

15.98 

16.26 

16.67 

16.87 

17.18 

17.50 

17.81 

18.18 

18.43 

18.74 

19.06 

19.38 

19.69 

30.00 

30.80 

39.61 

30.94 

31.36 

31 J6 

31 JB 

32.18 

33.60 

33.81 

98.13 

98.44 

98.74 

94.06 

34J6 

94.68 

36.00 


3.9W     s-ni 

a.  aw 

I." 

1.646 

i.:tf 

4^12 

4>i 

4J73 

iOM 

4.740 

5ii# 

S.106 

1   y-zi 

;     &.470 

1    <^ 

5.sa 

tjtm 

6.196 

T.M 

C56i 

T.3« 

6.936 

TJ)» 

T.291 

fJOl 

7658 

J*  754 

8.oca 

9i4i 

Bjm 

tj^-a 

8.750 

10.49 

9.130 

10  43 

9.478 

I0.SS 

9Mi 

ll.S 

10.31 

IIJI 

10.68 

12.08 

10.94 

I=-56 

I1J9 

12.« 

ll.« 

13J8 

13.06 

ixn 

1X.40 

14.14 

13.76 

UM 

19.13 

15/» 

19.49 

15.42 

18.86 

15-« 

14.33 

16.35 

14.58 

16.M 

14.96 

I'iM 

1&.41 

17J9 

16.68 

17J2 

16.04 

18JS 

16.40 

18.7J 

16.  n 

19.U 

17.13 

19Ji 

17.60 

39.6I 

17.86 

30.41 

18.38 

30JI 

18.8* 

HM 

18.98 

HM 

19.» 

sroi 

19.69 

33J6 

30.04 

3U2 

20.43 

8J8 

30.78 

Mti 

31.16 

34.16 

31  JO 

94J8 

31.86 

MM 

33.34 

Ma 

38.63 

MM 

33.98 

MM 

S8J3 

36.61 

38.70 

37iM 

94.06 

27  JO 

94.43 

27  J2 

94.80 

M» 

36.16 

MTi 

36.63 

39.17 

36JB 

9M 

36.34 

80.09 

36.63 

80.41 

36.96 

»M 

VM 

KM 

37.70 

S1JT 

36.08 

SIM 

38.48 

83J6 

98^89 

8191 

39.16 

ttJI 

39.63 

an 

»M 

KI1 

hkw  aso  btbsl. 


11«1 


ir«i«lii  of  1  ft  In  lenfftb  of  FI.AT  ROI^I^D  IBOH,  at  480 
per  cable  foot— (Continaed.) 


IIM 


i; 

T'BTcmrsBA  th  Twrma. 

M< 

K 

8.16 

H 

5-16 

H 

7-16 

H 

H 

H 

H 

1 

Wi 

S.163 

ijta 

8.488 

8.8«8 

10.81 

13.97 

16.18 

17.89 

81.68 

35.04 

30.26 

84.68 

u 

S.U8 

4.S75 

6.A84 

8.760 

10.94 

1S.1S 

16.31 

17.60 

ilM 

36.36 

30.63 

86.00 

s 

S.2U 

4.4W 

8.842 

8.au 

11.07 

18.28 

16.60 

17.71 

23.14 

36.56 

31.00 

86.43 

S.SS9 

4.4TO 

8.717 

8J68 

11.20 

18.48 

16.87 

17.93 

22.40 

36.88 

81.34 

86.83 

1^ 

S.M 

4^1 

8.786 

9.083 

11.8A 

18.50 

16.86 

18.13 

32.66 

27.18 

81.73 

98.85 

u. 

i.»l 

4.fi8S 

8.878 

9.108 

11.48 

18.75 

18.84 

18.33 

22.90 

27.60 

83.06 

88.66 

3i 

LS18 

4.6M 

8.8M 

9.X71 

IIM 

18.91 

16.82 

18.64 

28.18 

27.83 

82.44 

87.06 

H 

S.SU 

4.088 

7.03t 

9.S76 

11.73 

14.08 

16.40 

18.76 

83.44 

28.12 

3-2.80 

87.60 

U10 

4.740 

7.110 

9.479 

11.86 

14.21 

16.60 

18.96 

28.70 

28.44 

83.18 

37.93 

K 

a.3i« 

4.7»1 

7.18& 

9.683 

11.97 

14.37 

18.76 

19.16 

28.94 

28.74 

33.63 

38.33 

5 

xm 

4.844 

7.288 

9.888 

18.11 

14.63 

16.96 

19.87 

24.82 

29.06 

83.90 

38.76 

S.M8 

4.«W 

7.M4 

9.793 

13.34 

14.68 

17.13 

19.68 

24.48 

29.36 

34.36 

39.16 

» 

X.4Tt 

4.M8 

7.433 

9.898 

12J7 

14.8i 

17.32 

19.79 

34.74 

».68 

34.64 

89.58 

ir 

3.500 

6.000 

7.500 

10.00 

13.60 

16.00 

17.50 

80.00 

26.00 

80.00 

SJ.00 

40.0€ 

Weifrtai  of  Wroagtat  Iron  and  Hteel. 

Aasnanins  485  lbs.  per  cub  ft,*  specific  gravity,  7.76;  %  cable  inch 
W(i|{h8 0.280u7  lbs;  and  a poaiid  confjdos  S.6629  cubic  iuuhes. 


WeffTlit  of  a  /weight  of  ball  having)  _  /weight  of  ball  having 

spherieal  shell  **  \ outer  diameter  of  sbeU  /        (.  iu iier  diameter  of  shelL 


Welytato  of  equal  ma— ce. 

For  le«d,        at  700  lbs  per  cub  ft:  weight  =  1.44   X 
For  copper,  "  BflO  "    ••        *•  "       =  1.18   X 

For  braMM,      "  600  "    "         "  •'       =  1.0:i    x 

For  tin,  ♦•  460  "    ••         "  "        =  0.948  X 

For  sine  or  ,. 
cast  Iron, 


'450 


0.928  X 


weight 
of 
'  wrought 
irou 


*  Very  pure  soft  wrought  iron  weighs  from  488  to  492  Itm  per  cubic  foot ;  avemge 
loUed  iroB  about  480.  At  480  lbs,  a  bar  1  iuch  square  weighs  exactly  10  lbs  per 
ysid  —  S^lbsperfoot 
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SHEET-IBOlf. 


Welgrhtfl  per  sqnare  foot  of  Kalvanised  sh««i  iron 

Adopted  by  the  American  GttlTsniied  Iroo  Aas'ii,  at  Pittabnrgli,  April,  1884^ 


SteBdard  Ita 


Ite. 

OaiMM 

Sqfl 

Se. 

OaaoM 

Sqfl 

Vo. 

0«MM 

Sqft 

arotr 

per 

»TDir 

P**" 

av«ir 

P» 

pcraqfl 

S240n«. 

paraqft. 

iMom*. 

per  .q  ft. 

tua^ 

29 

12 

2987 

24 

17 

8106 

19 

8S 

lOM 

28 

18 

2757 

28 

19 

1886 

18 

88 

043 

27 

14 

2560 

22 

21 

1706 

17 

48 

853 

26 

15 

2389 

21 

24 

1408 

16 

48 

-4€ 

25 

16 

2240 

20 

28 

1280 

14 

60 

587 

The  fTftlTanlmiiis  !■  simply  » tiilii  Him  of  mine  on  both  aidMof  tbc 

ataeet.  u  in  what  Ii  koowo  u  "  Unned  piktee,'*  or  "  tin  ; "  which  mre  In  realitj  ehcet  Irwa  akmiitg*f 
omted  with  tin.  ZIno.  like  tlo,  rceisu  oorroelon  from  ordiaary  atmoepherie  iaflaeocM,  mmek  btarr 
than  iron  :  and  henoe  the  qm  of  thew  neUli  m  a  proteetlen  to  the  iron.  A  veil  gelmaiid  not. 
of  e  good  pitob,  will  ■uflfer  but  little  from  6  to  C  yeeni'  expoenre  wlihoat  being  pftiatod.  It  wtu  iWa 
take  paint  rcadiij.  and  ahoold  be  painted.    It  Is  better,  howerer,  al  vaja  to  paint  tin  oaea  at  oasi 

Paint  does  not  adhere  weii  to  new  sine*  and  this  is  the  pnaciia: 

reaton  why  new  galvaniced  ronfi  are  not  Minted ;  bnt  tbia  may  be  remedied  by  Brat  br«e*l^  tbc 
tloc  orer  with  the  following:  One  part  of  chloride  of  copper,  1  part  nitrate  of  copper.  I  part  ai  ad 
ammoniac.  Diasolre  in  M  parte  of  water.  Then  add  1  part  of  oommereial  hydroehlorle  a«id.  Vbvs 
brushed  with  this  •coluUon.  the  sine  tnrna  blaek  ;  dries  within  It  vt  24  boors,  and  msy  tiMa  bo  pasted. 
Paint  of  some  mineral  oxide  of  a  brown  color  is  generally  need :  one  coat  being  appilod  to  bmak 
aides  in  tba  shop ;  and  the  other  after  being  put  on  Uie  roof.  Repainting  every  S  or  4  yaara  will  aaSM 
afterward.  Uogalvanlzed  iron  (called  black  iboii,  for  diatlnetlon)  la  also  Tory  eadariag  fcr  roef*.  tf 
well  painted  every  1  or  S  yeara.  The  chief  advaotaigeof  galTaoizcd  roofing  la  tbai  It  dooe  nmi  i«q«tn 
painting  so  often  aa  the  black.  The  galTaaiiIng  adds  about  ^•r  %1b  per  aqoare  fttot  of  ••rfleee.  ar 
about  ^  lb  per  sq  ft  of  sheet  aa  coated  on  both  aidee ;  without  regard  to  the  thlekaeae  ef  the  eteet. 
Paint  for  roofs  should  not  have  mneb  4rif«r.    See  Painting. 

The  sulphurous  ftames  from   ccNbl  are  very  eorrosiqre  ol 

BiTHKn  OALTAMnao  on  BLACic  taoir :  aa  may  be  seen  in  ahopa.  railroad  bndgca,  or  « 
roofed  with  either ;  If  efflcieoi  meana  are  not  provided  (or  carrying  oil  the  amokc :  and  u 
other  metals.    Thb  acio  or  oak  vutaaa  la  aafd  to  deatroy  the  line  of  galraolad  iroo. 

Plat  Iron  ia  usually  nalM  npon  a  abeeting  of  boarda ;  bat  the  atrength  ef  eon  . 
•brlatea  the  neceealty  for  ibia,  and  enables  It  to  atretoh  &  or  8  ft  from  pariin  to  purlta,  wltaoat  latar* 
mediate  support.  The  eorrogated  sheets  are  riveted  together  on  the  roof,  by  rlveca  of  galraaiwd 
wire  aboot  one-eighth  Inch  thick,  SOO  to  a  pound,  well  driven  (so  aa  to  ezdndo  rala)  S  or  4  lacbea 
apart,  all  around  the  edges.  The  rivet- holea  are  flrat  punched  by  maebioery,  eo  aa  to  Inasra  er^ari 
dence  In  the  several  sheets :  and  the  rivets  are  driven  by  two  men,  one  above,  and  oa«  bia aatb  ib« 
roof.  For  black  iron,  angalvaniied  nalla,  boiled  In  llnteed  oil  aa  a  partial  preservatlTe  fkma  rm«.  are 
aommonly  used ;  aa  alao  In  sbingiing  or  elating.  Oalvanlaed  onee,  however,  woaM  be  ben«'  la  dl 
theee  easea ;  or  even  oopper  ooea  for  slating  beoaoae  good  elate  ODduree  mnoh  looger  Una  cittar 
Ihinglea  or  iron,  and  therefore  it  becomes  true  economy  to  use  durable  metals  for  natcniac  It.  In 
none  of  these  caaes,  however,  are  the  nalla  fully  exposed  to  the  weather.        * 

The  sheets  of  Hat  iron  are  put  t4»vether  by  overlappiniT  *"*( 

LDiMo  THB  Boeea,  much  the  same  aa  ahown  by  the  flgpageUOfi.bead  Tin  ;  the  Joiata  wkieb  r«a 
.^..^  np  and  down  the  roof  being  the  aame  aa  at  a  a,  and  the  horisontal  oaea  aa  at  (  i : 

except  that  inasmuch  as  these  are  n..t  eoldered  la  the  Iron  aheeca.  the  joiat  te  n»4« 
abont  H  to  I  Inob  «lde,  instead  of  H  <DOl*f  the  better  to  provide  agataec  leaktac 
Cleats  are  uaed  as  In  tin,  with  t  naila  to  a  cleat.  Tbe  Iras  plates  are  beet  laM  aa 
abeeting  boarda ;  bnt  In  abeda.  ho,  ara  aometimcs  laid  dlreetly  on  rafkera,  ••«  man 
than  about  18  ins  apart  la  tbe  clear :  tbe  plates  being  allowed  to  aag  a  little  brtwwn 
tbe  raftera,  ao  aa  to  form  shallow  gotten.  In  each  caaes  It  la  well  to  eevel  off  the  tope  of  the  raftn* 
allghtly,  aa  In  tbia  fig. 

A  serious  «»Dleetlon  to  Iron  as  a  roof  eoverinar,  is  lu  ntpid  mn- 

densatlon  of  atmoapbenc  moiatnre ;  which  (klla  from  the  iron  in  drooa  like  T^u,  and  may  do  iojorv 
to  ceilinga,  floors,  or  articles  in  tbe  apartments  immediately  beneatn  the  roof.  Painting  daea  aoc 
appreciably  diminish  thla;  It  may,  however,  be  obviated  by  plasterloff. 

Cormfpated  sheet  iron.  The  size  of  sheets  cenerally  need  for  comtKatinx. 


la  90  inehea  wide  by  W  Inchea  long.    Oorrngatlon  redncea  tbe  width  to  Z7H  inches. 
J.  ...  ^  1^1^  upon  the  roof,  the  overlapping  of  about  7H  Inchea  along  th 

••eight 
of  tbe  entire  corrugated  sheet  Itself;  or,  the  weight  per  square  foot  of  roof  covered,  vtU 


rngated  sheets  ara  laid  npon  the  roof,  the  overlapping  of  about  2  4  Inchea  along  the  aldae.  aad  of  4 
'   -      along  their  enda,  dimlniabee  tbe  area  of  roof  oovered  by  aabeet,  to  abont  aevea>c' "  '" 


one*aeventh  greater  than  that  per  aqnara  foot  of  tbe  oorruf ated  abeet :  or.  tbe  weight  of 
Iron  per  aqnara  foot  of  roof  oovered  la  about  one-fifth  greater  than  that  of  tbe  flat  sheete 
It  Is  made. 


About  6  Inches  ara  usually  allowed  for  the  extension  over  the  eaves. 

The  weigbu  per  sqnara  foot  corresponding  to  tbe  difllerent  numbera  of  the  BIrmlaffham  wira  gnnge 
vary  somewhat  with  the  dilfprant  makers.  The  two  styles  of  oomigatkiB  given  In  the  table  belew 
&  X  1  )4  and  SM  '  K.  ere  tboee  most  frequently  used. 
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No. 
Bmgbm 
wirega. 

Thlfk- 
iiem 
in  ins. 

Wt  in  lbs  per 

sq  f  (  of  iheti*. 

1ft  in  9m  per 
sq  ft  of  roof. 

Black 
20 
22 
24 
26 

Black 
.085 

.U28 
.022 
.018 

Black 

1.84 
1.50 
1.20 
1.00 

Lead  cot'd 
or  galv'd 

2. 

1.6 

1.25 

1.12 

Black 
2.12 
1.73 
1.38 
1.15 

Leadcot'd 
or  gaWd 

2.3 

1.84 

1.44 

1.29 

EI 


Streni^tb  of  Corraffated  Iron.    Experlmenta  by  tlie  auilior. 

Fimt.    A  iihoet  d  <f,  of  BTo.  16  iron, 

(about  -j^  iDch  thick,)  27  ius  wide,  by  4  ft  long, 
witb  five  complete  corrugationB  of  5  ins  bv  1  incb, 
was  laid  on  supports  3  ft  9  ins  apart.  A  block  of 
wood  e,  9  ins  wide,  by  7  ins  thick,  and  30  ins  long, 
was  placed  across  the  center,  and  gradually  loaded 
witli  castings  weighing  1600  fts. 

Thla  oaoied  a  defl«otioD  at  Uie  oentar  of  predaely  H  an 
laoh.  Oo  the  remoTal  of  tbe  VuA  after  an  hour,  no  perma* 
Dent  MC  waa  appreciable.  The  MTeritj  of  the  teat  waa  pur< 
poaelj  iBcreased  by  applying  the  seTcral  oaailngs  very 
ronsUjt  Joltiaf  the  whole  aa  Buch  as  poasihla.*  The  warn- 
peuded  area  of  the  sheet  waa  8.44  aq  ft ;  and  ilnee  the  actual  eenfer  load  of  I60O  Ibe  (a  aboat  equf  ▼»• 

lent  to  MHO  Iba  «(««%  MUr^uted,  It  amoonu  to  ???=3S5  Iha  per  sq  ft  distributed.    But  9000  lbs 

distributed  would  produce  a  deflection  of  but  about  ftall  K  of  en  inch.  Again.  S&6  Iba  per^sq  ft 
is  about  4  tlnjes  the  weigbt  of  the  greatest  crowd  that  could  well  coogregaie  upon  a  floor.  Conae- 
quentiy  this  Iron,  at  8'  9''  span,  is  safe  in  praodce  for  any  ordinary  crowd.  Moreover,  such  a  crowd 
wo«ld  prodoee  a  cenwr  defleetlon  of  only  the  ^tb  ^art  of  }i  of  an  inch ;  or  -^  of  an  inch ;  or  jLm 
«r  the  etaar  span ;  which  Is  bat  two-tbirda  of  Tredgold's  limit  of  ^}^  of  the  spaa. 

In  one  experiment  the  ends  of  the  sheets  rested  upon  supports  dressed  so  as  to  present  undulations 
oerTeapaBding  lolerablv  closely  with  the  shape  of  the  corrogattona ;  but  in  the  other  the  supports 
were  flat,  and  each  end  of  the  sheet  rested  only  upon  the  lower  pdau  of  the  oormgatlons.  ifo  ap- 
pnaolable  difference  was  observed  in  tbe  results. 

Seeond.  An  areh  of  No.  18  (^ 
inch)  Iron,  corrugated  like  tbe  foregoing, 
bat  tbe  depth  of  corrugation  increased  to 
iV^ins  by  tbe  process  or  arching  tbe  sheet: 
clear  span  6  ft  1  inch ;  rise  10  ins ;  breadth  27 
ins,  (ox  which,  however,  only  25  ins  bore 
against  the  abutments.) 

Kseh  ftwt  0  of  tbe  arch  abutted  upon  a  casting  j, 
tbe  Inner  portion  (  of  whieb  was  oadnlated  on  top.  to 
correapoad  with  the  oorrugations  of  the  arch,  which 
rasted  upon  It.  At  «,  (one-fourth  of  the  span.)  two 
I  bleoks  1  ■      •  


( 


I  were  placed,  ooeopytng  a  width  of  9 

laches,  and  extendkig  across  the  arch ;  on  tbem  waa 
pIlM  a  load,  {,  of  castings,  to  tbe  extent  of  4480  lbs. 
er  t  tons.  Under  this  load  the  arch  descended  about 
half  an  inch  at  y,  becoming  Hatter  on  that  side  and 

dightly  more  curved  upward  along  the  unloaded  side  n.  Two  rtmUiir  blocks  wen>  then  placed  at  n, 
and  two  totas  of  load,  s,  were  plied  upon  tbera,  in  addition  tn  the  2  tnn^  at  I:  making  a  tors]  of  SMM) 
As,  or  4  tons.  This  brought  the  arch  more  nearlv  back  to  its  oriKinai  shape:  but  atill  Mlighily 
straightened  at  both  n  and  y,  and  a  little  more  cnrvH  in  the  center.  The  load  was  then  increased  to 
IflOOO  te,  and  left  standing  fbr  several  days.  Two  iron  ties,  each  K  by  1H>  which  were  ns«d  for  pre- 
venting the  abutment  castings  j  from  spreading,  were  found  to  have  stretched  nearly  \i  of  an  inch. 
Additional  ones  were  inserted,  and  the  load  Increased  to  a  total  of  6  tonn.  or  13440  Ibe :  paru  of  It  on 
•  and  I,  and  part  in  the  shape  of  long  broad  bars  of  Iron  at  the  rvnier  of  the  arch,  below  the  loads  a 
and  I,  and  between  »  and  y.  So  far  as  could  be  Judged  by  eye,  the  shape  of  the  arch  was  now  almost 
perfhet.  Tk«  loadM  s  and  I  did  not  touch  «ae*  other.  After  standing  more  than  a  week,  the  load 
was  aceidentally  overturned,  crippling  the  arch.     The  load  was  equal  to  about  1000  Iba  per  i^|  ft  of 

the  arch.  Such  arches  have  since  come  Into  common  use  instead  of  brick,  for 
flrepr€»or  floors. 

CterTed  roofli  of  25  to  30  ft  span,  rising  about  \i  span,  may  be  made 
of  ordinary  corrugated  Iron  of  Nob  16  to  13,  riveted  as  usual ;  and  having  no  acces- 
sories except  tie-rods  a  few  feet  apart ;  continuous  angle-iron  skewbacks ;  and  thin 
Tertical  rods  to  prevent  the  ties  from  sagging. 

e  irttbont  letting  tbe  deflcotlon  exoeed  H  inoh ;  whioh  was  prevented  by  a  stop  under  the  shaec 
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WeM«d  wr»iitrlftt«lroii  pipes*  for  steam,  gas,  and  watar.    Usoallj  ia 
lengths  of  about  18  leet.    Standard  sizes. 


Inner  Dlam. 

^ 

ii 
1^ 

Inner  Diam. 

. 

^ 

i 

M 

1 

If 

t 

< 

• 

1 

i 

i 

'A 

^ 

^* 

^1 

^1 

1 

< 

6 

^« 

el 

•^i 

Id*. 

Ins. 

Ins. 

lbs. 

$ 

Ins. 

Ins. 

Ins. 

lbs. 

f 

P 

0.270 

0.068 

a24 

27 

a055 

s^ 

8.548  0.226 

9.00 

8 

a.98 

0.364 

0.088 

0.42 

18 

<l 

4 

4.026  0.287 

1Ql66 

•* 

1.08 

0.494 

0.091 

0.66 

«l 

4V^ 

4.508!  0.246 

1SL49 

u 

1.S0 

71 

0.628 

aioo 

0.84 

14 

0.085 

5 

5.04.'i|  0.289 

14.60 

«« 

1.45 

yi 

0.824 

0.113 

1.12 

«t 

0.116 

6 

6.065 

0.280 

18.76 

M 

L88 

I 

1.048 

0.184 

1.67 

U.5 

0.165 

7 

7.028 

aaoi 

28.27 

M 

2.85 

»K 

1.380 

0.140 

224 

«« 

0.225 

8 

7.982 

aS22 

2&18 

«4 

S.82 

ivS 

1.611 

0.145 

2.68 

«f 

0.27 

9 

9.001 

0.844 

83.70 

M 

8.40 

2 

2.067 

ai64 

8.61 

** 

0.86 

10 

10.019 

0.866 

40.00 

M 

4.2S 

2^ 

2.468 

0.204 

8.74 

8 

0.575 

11 

11.000 

0.875 

46.00 

i« 

4.75 

8^ 

8.067 

0.217 

7.54 

4< 

0.756 

12 

12.000 

0.876 

49.00 

M 

&28 

nn  for  Wroofrlit-lroii  Pipes.     1,  Elbow.     2,  Serrloe  Elbov. 
r  wllh  side  oiitleU    4,  Keduoing  T.    6,  T.   6,  Reducing  Cross.    7,  Redoo* 
nliiig  or  Soclcet.    8,  Return  Bend  with  side  outlet.    9,  Betam  Bend  wiU 
11,  FUoge  Union.    12,  OTal  Flange.    18,  Plug. 


Flttl] 

8,  Elbow 

ing  Coupling 

back  outlet.    10,  Cross. 


Liiip-welded  el>MPCO«l«troa  bolter  tabes,  in  lengths  np  to  20  ft 
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Screw  Tliireads,  Bolta,  Nato,  and  Washers. 

Serew  threads,  a  =  angle  between  two  sides  of  a 
thread ;  P  «=  pitch;  ir  =  width  of  flat  top  or  bottom  of 
each  thread;  all  measured  in  a  plane  containing  tbe 
axis  of  the  screw;  N  =  number  of  threads  per  inch,  = 
1/P.  In  the  Sellers  or  Franklin  Institnte 
Standard,  proposed  by  Mr.  William  Sellers  and 
adopted  by  the  Institute  in  1864,  a  =  GO^' ;  S  =  P ;  to  =  c 
=  P/8 ;  F  =  0.75  P ;  M  =  P  cos  o/2  «  0.8660  P ;  D  (diam- 
eter) =  d  +  2  X  0.866  X  0.75  P  =  d  +  1.299  P.  Under  the 
name  of  United  States  Standard,  the  U.  S.  Navy 
Department  in  1868  adopted  the  Sellers  system,  exoept 
for  finished  heads  and  nuts,  which  it  made  the  same  as 
for  rough  heads  and  nuts. 


» 

d 

W 

IV 

n 

d 

w 

H 

D 

d    1    W 

M 

11 

d      w 

sr 

tlLS 

Inft 

111!   1 

lUfi 

iua 

ipj} 

Ida 

ffia 

iQB 

Inn 

Ins     ins 

^. 

.IR."! 

JVM2 

20, 

] 

.Rlt  .015618 

'J 

1.712 

.0277 

4^ 

4 

a^'tfii  .oii;V  :j 

.3411 

.0074 

]g 

1^ 

.MO  .017«  7 

2W 
^1 

1.562 

,0277 

4G 

4«>i 

4,02g  .0.1S4.  2=J4 
4,2-^fi,  ,0476  2% 
4.4H0;  05ffl)  '2\4 
4  TWI  .0500.  2^3 

A 

.^4  ,007S) 

m 

l.Oiy^  ,01  it!  7 

2.i:6^0Hi2'4 

Mi  Mm 

14 

1^ 

him  .0208  6 

2.42fl;  .03121  i 

H 

JOO  .0096 

Ifl 

% 

i:iM  .020S  H 

3 

2.6l»9    0:457 

ai^f 

5 

Ms 

.4i4  .0104 

n 

iSi.-^  .IKJ27|  SU 

»K 

2.879  ,0357 

3H 

■^ 

JiOl  .Oll:i 

11 

L4!>i  ,0250  fi 

3^ 

3.1  U4)  .03^ 

5.i03  .0526  ^'*i; 
6.4^  .05S&  2*4 

34 

JS20  .0J25   10 

m 

1.610,  ,0250  5 

S.Sn  .04ia 

3 

% 

JMJJOIM     9\ 

1     1 

a 

IHrnensions  of  Heads  and  Nuts. 
Finished. 


(in  head^ 
(inntiO 


Roach. 


l>iD  + 1-16  inch. 
D~l-16  inch. 


riffS.2 


la  the  Whitworth  (English)  standard  thread,  tbe  angie  a,  )«lg  1,  is  55  \ 
Tlie  tops  and  bottoms  of  ihe  threads  are  rounded,  instead  of  flat  as  in  the  Ameri- 
ean  standards.  Tbe  number  (N)  of  threads  per  inch  is  the  same  as  above  for 
duuna  of  bolt  up  to  three  ins,  except  for  D  =  >^  inch ;  where  N  »  12. 

In  the  International  metric  serew  thread,  adopted  at  Zurich, 
October,  1898,  the  Sellers  thread  profile  is  used.  The  dimensions  are  aa  follows, 
all  in  millimeters : 


Diam.UTls  9  lolll   12    1416|l820222427  30  8s|3639  42454852  66  6064  68|72  76|  80 


Pitch  {lo|l.25|  1.5  1 1.75!  2.0  I    2.5       3.0     3.5    4.0     4.5     6.0    5.6    6.0  I  6.6  I  7.0 


Intermediate  diameters  are  to  lie  of  an  Integral  number  of  miliiraeten*,  and 
of  tlie  same  nitch  as  the  next  smaller  diameter  in  the  table.  Thus,  for  diam  65 
or  69  mm  ;  pitch  =»  6.0  mm. 

Plate-Iron  washers.  Standard  sizes.  Diameters  of  washers  and  bolt- 
boles  in  inches.  Approximate  thickness  by  Birmingham  wire  gauge.  Approxi* 
Date  number  in  one  B>. 


Diams. 

Tha. 

Na 

Diams. 

Ths. 
14 

No. 

Diams. 

Tlis. 

No. 

1/ 

M 

18 

450 

IV. 

^^ 

43 

2\i 

15-16 

&6 

vL 

6-16 

16 

210 

12 

26 

2V4 

1  1-16 

6.2 

2 

5-16 

16 

139 

\\^ 

u'i 

12 

22.6 

2% 

■K 

5.2 

7.?i 

16 

112 

\Vi 

10 

13.1 

3 

i% 

4. 

1 

14 

68 

2 

13-16 

10 

10.1 

3>i 

iH 

SL8 
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BOLTSy  MUTB,  WASHEB8. 


A  flfKarw  hMl  and  not  logethOT.  welgli  aboat  M  mtaeh  u  alsDsthor  tbebelt«nMl  i»T«r0i 
D.    HvBognUt  8  or  7. 

With  £Ee  above  dtmensiona  a  bolt  wlU  gMwrally  fall  bj  I 
off  between  tfae  bead  and  the  nat,  where  the  diaaeccr  la  i 
by jrottlna    the  thread,  rather    than    bj   atrlpptar    off    fu 

Tbe  diani  D  of  tbe  thread  most  of  course  be  greater 

than  that  reqaired  to  bear  safely  the  proposed  tensile  strain,  bj  an  ■imif 
equal  to  (wice  thedepih  of  the  thread.  Tbe  waste  of  Iron,  whleh  weald 
rejult  from  making  tbe  enMre  hoU  of  this  greater  diam.  ia  freqaeatlr 
avoided  br  making  tbe  bolt  from  a  bar  of  only  soffleient  dlmmetona  to  b^ 
the  Strain  safely,  and  npsettlnip  Ita  ends  an  in  rifr  3^ 
thna  inereaiing  their  dlam  snflkiently  to  allow  for  the  eatting  of  t^ 
threads. 

In  oarpentrj,  aa  well  aa  In  ties  for  maaonnr,  waeAcrs,  v  w,  af  either  cam 
«r  wrought  Iroo,  are  plaoed  between  the  timber,  or  eiooe,  and  ite  ht»A 
and  nnt;  In  order  to  distribute  the  presrare  over  a  greater  sarTaee,  aad 
thne  preTent  omshtna ;  espeelallj  in  timber. 

When  much  strBlned  against  W4M»d,  the  s^tde 

ofa  sqaare  wrought-troa  washer;  or  tbe  dlam  ww  of  a  drenlar  one.  should  not  be  leea  than  4  «>rr« 
of  tbe  eerew,  as  in  the  flg ;  and  lis  tblokness,  t  w.  Vi  diam  ol  leatt. 

I'wo  such  square  washers  will  together  weigh  as  muoh  as  18  diama  la 
toagth  of  a  round  rod  of  the  same  diaa  as  the  torew.  Two  roand 
washers  will  weigh  together  as  muoh  as  14  dlams  of  rod  of  same  dlam 
as  iorew.  In  either  ease,  a  square  bead  and  nut  will  weigh  aa  uaaeh 
as  6  diameters.  Cast-iron  washers,  being  more  apt  to  split  under 
heavj  strains,  maj  bo  made  about  twice  as  thiok  as  wrought  ones. 
When  the  strain  is  very  great,  the  diam  of  the  wasbcr  may  be  6  or 
6  timea  that  of  the  sorew;  and  its  tblokness  equal  to  dlam;  but  4 
diams  will  suffice  for  moai  praotleal  pnrpose*.  or  e%'en  S.6  when  there 
Is  but  little  strain,  and  tbe  ihtckoesa  may  then  be  but  J  or  .S  diam  of 
bolt. 

Table  of   machine   and    ear  bolto«  with 

■quare  and  hexagon  beads  and  nuts,  Pigs  4  and  S ;    made  by  Hoopoe 

A  Townsend,  1330  Buttonwood  St,  Phila.    All  their  bolts 

are  cat   with  V.  S.  Standard  threads,  as        t^m-^       t\tf.^ 

per  fin»i  table  od  p  1165^  unless  otherwise  ordered.    Disouunts,  see  pnce  iisu 


CD 


fto^ 

length,  ins 
exclusive  of  head. 

Weight,  Ibfl  of 
lUO  bolts. 

List  price,  f  per  101 

m 

Mill. 

Max. 

Min. 

Max. 

Mln. 

Max. 

..f. 

IK 

8 

8.9 

18.2 

1.70 

Z.74 

^ 

It 

6.2 

20.8 

2.00 

tM 

,\ 

ii 

12 

9.7 

43.5 

2.40 

S.TS 

<« 

14.7 

58.8 

S.80 

7.09 

A 

<i 

20 

20.4 

122.0 

8.60 

ISLSS 

u 

26 

151.0 

&20 

1&36 

<« 

24 

87 

224.0 

«< 

22.80 

c< 

4( 

68 

830.0 

7.20 

29.70 

2 

U 

97.7 

47ao 

11.20 

42.00 

1 

<« 

t< 

145.0 

626.0 

l&OO 

OSlOO 

Esqpansloa  bolts,  for  fastening  plates,  tlmbm, 
etc.,  to  walls  of  brick  or  masonry.  Tbe  vedge>ahapea 
nut,  trayeliug  op  the  ))olt,  as  tbe  latter  Is  tnmcd, 
presses  the  wings  against  the  sides  of  the  bole,  whi^ 
in  practice,  is  drilled  just  large  enough  to  admii  the 
nfit  and  wings,  so  as  to  prevent  the  former  from  tam- 
ing with  the  twit  If  the  hole  la  made  larger,  aa 
shown,  the  nut  must  be  held  by  a  small  wedge. 
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When  bolts  are  mibj«eted  to  much 


rough  Jolting,  M  at  raiUJoint«,  Ac,  the  ntU*  are  liahle  to  wear  loose ^ 

and  unscrew  th&nuelves.    Oa  railroads  this  is  a  source  of  great 

annojanoe,  and  innumerable  devices  for  preventing  It  have  oeen 

tried.    The  Yerona  look-uut  washer  *  is  a  simple  circu  lar  washer 

made  of  steel ;  with  a  slit  s  s  cut  through  it,  leaving  sharp  edges. 

On  one  side,  a,  of  the  alit,  the  metal  is  pressed  upward  aoout  ^ 

inch ;  and  tnat  on  the  other  aide,  e,  downward,  the  same  distance ; 

ao  that  a  perspective  view  would  be  somewhat  as  at  t.    Now,  when 

the  nut  is  screwed  down  over  the  washer,  in  the  direction  of  the 

arrow,  the  slit  offers  no  obstruction ;  but  if  the  nut  afterward 

teuda  to  unscrew  itself^  the  sharp  upper  edge  of  the  slit,  along  a,  presents  friction 

against  the  bottom  or  the  nut,  which  tends  to  hold  it  in  place.    Besides,  the 

washer,  bj  its  elasticity,  tends  to  resume  its  original  shape,  and  thus  presses  the 

threads  of  the  nut  against  those  of  the  bolt;  and  the  additional  friction  thua 

produced  also  aids  In  holding  the  nut. 

Another  lock-nut  washer  consists  of  a  long  strip  of  steel,  with  luo  holes,  each 
of  which  has  its  edges  formed  like  those  of  a  Verona  washer,  and  through  each 
of  which  passes  one  of  the  bolts  of  the  rail-Joint. 

Another  device  is  to  cut,  at  the  end  of  the  screw,  a  few  threads  of  a  screw  of 
less  diameter  than  the  main  one,  and  in  the  opposite  direction.  The  nut  is  then 
acrewed  upon  the  larger  diameter:  and  after  it  the  lock-nut  is  screwed  in  the 
other  direction  upon  thesmaller  diam,  until  it  comes  into  contact  with  the  main 
nut.  In  the  Snulil  lock-nut  bolt,  this  second  nut  is  only  about  ^  inch  thick ; 
and  after  being  driven  home,  one  of  its  ooruers  is  beut  over  the  edge  of  the 
main  nut. 

The  Atwood  lock-nuts  take  advantage  of  elasticity  in  tlientit  itself,  which 
is  obtained  either  by  slitting  the  nut,  or  by  reducing  its  thickness  near  the 
bolt  hole. 

It  is  claimed  that  if  the  threads  of  an  ordinary  bolt  and  nut  are  careAiIly  cut, 
BO  as  to  be  in  contact  with  each  other  throughout,  no  lock-nut  contrivance  is 
necessary,  because  the  friction  between  the  two  threads  is  distributed  over  a 
larger  surface,  and  evasion  does  not  take  place  so  readily  as  if  the  threads 
touched  each  other  at  only  a  few  points.  The  nuts  are  therefore  less  apt  to  wear 
loose  ander  repeated  Jarrine. 

Owing  to  the  difficulty  or  obtaining  such  perfect  fitting  bolts  and  nuts,  due  to 
the  wear  of  the  cutting  tools  used  in  tneir  niauufacture,  bolts  and  nuts  have  been 
made  in  which  the  thread  on  the  bolt  differs  slightly  in  shape  from  that  in  the 
not.  They  also  furnish  nuts  in  which  the  thread,  instead  of  being  of  uniform 
shape  throughout,  gradually  beoomes  deeper  and  thicker^  by  having  its  side  angle 
made  more  acute,  and  its  top  truncated.  Thes«e  nuts  are  used  with  bolts  having 
the  usual  nniform  thread.  The  bolt  enters  the  nut  npon  the  side  where  the 
thread  is  of  the  same  shape  as  its  own;  but  its  thread  encounters,  and  is  forced 
into,  the  gradiiallv  narrowing  and  deepening  nath  between  tlie  threads  of  the 
nut.  In  both  devices,  the  enrorced  conformity  between  the  two  threads  is  relied 
upon  to  give  the  desired  completoness  of  contact  between  them.  The  greater  force 
required  in  screwing  on  the  nut  also  increases  the /ric/ion  between  the  tbreadai 

BirCKI£]>  PUkTES. 

Backled  plates  are  usually  of  steel,  yit»%\n  thick  and  8  to  4  ft  so ;  some- 
times in  long  plates  having  several  buckles  each.  Buckle  2  to  8  Ins.  Flat  rim 
or  fillet,  2  to  4  ins.  They  are  used  for  the  floors  of  buildings  and  of  highway 
Ividges. 

Total  permissible  load,  lbs.  on  a  single  square  buckled  plate  of  any  size  and 
thlckoess.t  Load  imAkth;  where  k  =  permissible  unit  stress  in  metal,  Bbs  per 
iq  in,  say  6000;  i  «  thickness  of  metal,  ins,  and  A  ■>  depth  of  buckle,  ins. 

Buckled  plates  are  stronger,  and  require  less  concrete,  etc,  for  filling,  when  laid 
Irith  convex  side  down.  They  weigh  but  little  more  than  flat  plates,  or  about  10 
Ibe  per  sq  ft  per  \^  in  of  thickness. 

•  Inrented  by  Mr.  Thomas  Shaw,  M.  R,  of  Philadelphia. 

f  Steel  in  Gonstmction,"  by  Penooyd  Iron  Works,  Philadelphia,  1900^  p  147. 
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WBIGHT  OF  METAUL 


WEICIHT  AHB  STBBirOTH  OF  IBON  BOI.TS.    (OrlgtiML) 

Diameters,  weigfata,  and  approximate  breaking  strains,  for  roniatf  k^lta) 

breaking  strain  per  square  inch  aaaiimed  as  follows:  Up  (o  1  inch  sqaare,  or  I 
inch  diam,  20  tons,  or  44800  lbs;  from  1  to  2  ins  sq  or  diam,  19  toos;  2  to  3  ius^ 
18  tons ;  8  to  4  ins,  17  tons ;  4  to  5  ins,  16  tons ;  6  to  6  ins,  15  tons. 

A  long  upnet  rod  is  no  stitonger  than  one  not  upset,  against  shtcfyanpliei  loadi 
or  strains.  Both  will  then  break  at  about  midleDgth,  under  equal  pnUa.  In  such 
cases  use  columns  6  and  8. 


Sqaare 
Chopper 


Strength  or  vt  °>  1.27S  X  strength  or  weight  of  roond  bar. 
/Strength         »  0.8     X  strength  of  similar  iron  bar. 
I  Weight  —1.14   X  weight     ••       «        ..       « 


anda  enlarged,  or 

upeet. 

Ends  not 
enlATged. 

Snds  enlarged,  or  npeat. 

^iJSi 

Dtaa. 

Weight 

Bre&k. 

Break- 

DUm. 

Wetfht 

DIam. 

ran. 

Bnmk. 

Br«ak. 

1>Um.|irctaW 

of 
•baak 

per  foot 
run. 

J13.. 

.ia.. 

or 
thank 

per  foot 
ran. 

•r 
■bank 

ei^ 

-».. 

or 

abMk 

pariM 

IM. 

Pde. 

TOBI. 

Pde. 

Iiuir 

P«U. 

lae. 

Pda. 

Tom. 

Pda. 

laa. 

Ma. 

.0(14 

.246 

649 

If 

8.10 

46.7 

102368 

2.14 

18.0 

1 

.093 

.653 

1239 

1  1 

8.69 

40i> 

1007G0 

2.22 

18.0 

\ 

.166 

.983 

2202 

.36 

JS21 

1 

9.30 

62L6 

117(0J 

2.30 

laj 

f 

.258 

1.63 

8427 

.43 

.462 

^H 

9.98 

6«i> 

125440 

2.38 

14J 

Y 

Jgli 

2.21 

4950 

.60 

.664 

2." 

10.6 

69.7 

183728 

2.46 

16J 

1 

.606 

8.00 

6720 

.68 

.897 

2 

12i) 

63.8 

142912 

2M9 

17.4 

a 

.661 

3.93 

8803 

.66 

1.14 

2 

13.4 

71.6 

100384 

2  73 

193 

I 

.837 

4.97 

11133 

.73 

1.41 

2 

14.0 

79.7 

178628 

2.88 

81.6 

1 

1j03 

6.14 

13754 

.80 

1.67 

2 

16.6 

88.4 

19601G 

3J02 

83J 

11 

1J» 

7.42 

16621 

.88 

2.03 

2 

18.2 

97.4 

218170 

S.W 

98.1 

X 

1.40 

8.83 

19779 

.96 

2.41 

2 

20.0 

106.0 

239466 

3.30 

SU 

!• 

1.76 

10.4 

28206 

1.04 

2.81 

8 

21.9 

116w8 

261632 

3.46 

3U 

2jas 

12.0 

86880 

1.12 

8.26 

8. 

23.8 

127.8 

284928 

3.00 

83J9 

§ 

038 

13.8 

30312 

1.20 

8.77 

H 

27.0 

141.0 

316840 

3.86 

aoj 

A  n. 

266 

15.7 

86168 

1.27 

4.27 

3 

88.4 

163.6 

866464 

4.18 

44.4 

8.99 

16.8 

87632 

1.36 

4.77 

4 

37.2 

187.7 

480448 

4.41 

6L0 

1 

8.86 

18.9 

42336 

1.42 

6.28 

? 

42.3 

213.6 

4784M 

4.70 

67J 

1i  1 

8.73 

21.1 

47284 

1.49 

6.81 

4| 

47.8 

827.0 

608480 

4.96 

esj 

.w 

4.18 

23.3 

62192 

1.66 

6iS9 

4) 

636 

264.6 

670080 

6.86 

7U 

1 

4.60 

25.7 

67668 

1.64 

7.04 

4| 

69.7 

883.6 

656040 

6.63 

80.6 

? 

6.00 

28.2 

63168 

1.72 

7.74 

67 

66wl 

314.8 

703808 

6.80 

88.1 

J 

6.47 

80.8 

68992 

1.80 

8.48 

H 

72.9 

324.7 

72732^ 

6w08 

97J0 

1 

6.96 

33.6 

76264 

1.87 

9.20 

a 

80.0 

366.4 

793336 

6.36 

106. 

\ 

6.46 

36.4 

81536 

1.9& 

988 

4 

SrtA 

880.6 

872480 

6l63 

116. 

] 

699 

39.4 

88256 

2.00 

10.6 

? 

9&8 

424^1 

949984 

6.90 

188. 

IH_ 

:^j 

42.5 

95200 

2.07    11.3     1 
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The  BIrminglHun  wire  noare  fa  the  one  in  most  genera]  nw  for  lion.  The 
new  Britiah  w  g  went  into  effect  March  let  1884.  In  the  **  American  "  w  g  of  Dai^ 
ling,  Brown  A  Sharpe,  Providence  R.  I.,  each  diam  or  thick  is  »  the  next  smaller 
one  X  1.122932.  We  take  the  wt  of  wrot  iron  per  cub  ft  at  486  lbs  in  the  ttrrt  two ; 
and  at  488  in  the  last.  For  the  wt  of  iit««l«  malt  that  of  iron  by  1.01.  For 
le««l«  mult  iron  by  1.46.  For  Kln«,  mnlt  iron  by  .9.  For  braMi  (approx),  mult 
tiOD  by  1.00.    For  eopper,  mult  iron  by  L184. 


BlrmlBclianiW.Qa. 

New  British  W.Oa. 

American  W.  Ga. 

INaaor 

Wtof 

Di«m  or 

Wtof 

Dlam  or 

Wtof 

to. 

wira,«r 
thlekiMM 

Wtof 
iroawlr*. 
Id  IN  Mr 

UafC 

IroD 
•hetca. 

wlr«.or 
tbtekooM 

Wtof 
Iron  wire, 
m  Urn  per 

Un  tu 

Iron 

wir*,  or 
tbioknees 

Wtof 
Iron  wire, 

iron 
■beeta, 

Lk 

la  »■!>«• 
•qft 

ofabeet, 
ins. 

In  lb*  per 
•qfl. 

ofabeet. 
Ina. 

to3bM  per 

iDfta 
peraqfl 

7-0 

.600 

.661 

20.21 

0-4) 

•MM. 

464 

.660 

18.76 

«-0 

■  •■iliirT- 

M.M. 

H.t..   h«*«.4 

432 

.494 

17.46 

4-0 

.464 

.646 

ib7^"*" 

400 

.423 

16.1T 

.460000 

.661 

18.68 

a-0 

.126 

.470 

17M 

J72 

.366 

16.08 

.409642 

.446 

16.68 

t-0 

.880 

.388 

15>^ 

J>48 

.820 

14.06 

.364796 

.368 

14.n 

.840 

.306 

ia.74 

.824 

.278 

13.09 

324861 

.280 

18.16 

JBOO 

.288 

12,13 

.800 

.288 

12.18 

.289297 

.222 

11.70 

.284 

.214 

11.44 

JZ!6 

.202 

11.16 

.257627 

.176 

10.43 

SS9 

MS 

mA7 

.262 

.168 

10.19 

.229423 

.139 

9.291 

.288 

.160 

9.619 

.282 

.142 

9.377 

.204307 

.111 

8.278 

.220 

.128 

8.m 

.212 

.110 

8.668 

J81940 

.0877 

7.866 

.208 

.100 

BJ2U& 

J93 

.0076 

7.760 

.162023 

.0696 

6.661 

J80 

XWSO 

^:m 

.176 

.0620 

7.113 

.144285 

.0662 

6.842 

J66 

il72t 

&jm 

.160 

jom 

6.466 

.128490 

.0438 

6.208 

.148 

.0680 

5JS1 

.144 

.0648 

6.820 

.114423 

.0347 

4.633 

10 

.134 

jwe 

Mm 

.128 

UH34 

6.178 

.101897 

.0276 

4.126 

11 

J20 

.0382 

4JS0 

J16 

JOSS! 

4.688 

.090742 

.0218 

8.674 

12 

JOO 

.0316 

4.405 

.104 

.0286 

4.208 

.080808 

.0178 

8.272 

13 

J096 

.0280 

B.SIO 

J092 

X>224 

8.718 

.071962 

.0137 

2.914 

14 

JOSS 

J0188 

3.3.'V& 

J090 

.0160 

8.238 

.064084 

.0109 

2.596 

15 

1172 

J0ia7 

2.  BIO 

J072 

U)187 

2.910 

.057008 

.00863 

2.310 

Id 

jon 

.0112 

£.eJ7 

X)64 

JOIOS 

2.587 

xm«2\ 

.00684 

2.053 

17 

JOSS 

J0O891 

£,.^4 

jm 

J00832 

8.263 

.04AS57 

.00543 

1.832 

18 

J049 

.D0036 

iJSiO 

MS 

.00610 

1.940 

.0403ai 

.00430 

1.631 

19 

JM% 

.00467 

l.GOT 

.040 

.00423 

1.617 

.005890 

.00341 

1.452 

SO 

joab 

.00326 

1.415 

.036 

.00344 

1466 

.031961 

.00271 

1.293 

21 

jm 

.00271 

l.^ffJ 

/m 

J00269 

1.293 

.028462 

.00215 

1.162 

22 

J028 

.00208 

l.Ki2 

.028 

.00207 

1.132 

.025346 

.00170 

1.026 

23 

J026 

.ooiee 

lUlO 

J024 

.00158 

.9700 

.022572 

.00186 

.913 

24 

J022 

.00128 

.y-t'j^ 

J022 

.00128 

.8891 

.020101 

.00107 

.814 

25 

.020 

J)0106 

.K)sa 

J020 

iX)106 

.8083 

.017900 

.000849 

.724 

20 

J018 

J0008£» 

rrI2b 

.018 

.000867 

.7276 

.015041 

.000673 

.644 

27 

J016 

.000078 

jmi 

.0164 

joom\% 

.6628 

.014106 

.000534 

.674 

28 

J014 

.000519 

jm$ 

X)14d 

.000579 

J>982 

.012641 

.000423 

.511 

29 

JOIS 

.00044-S 

.r.;^4 

.0136 

.000489 

.6497 

.011267 

.000336 

.456 

80 

.012 

.000382 

AK'O 

/)124 

.000408 

.6012 

.010025 

.000266 

.405 

SI 

jOlO 

X)oo2e5 

.40^12 

.0116 

.000367 

.4688 

.008028 

.000211 

.860 

82 

JOOO 

X00215 

M^i 

J)lu8 

.000309 

.007950 

.000167 

.321 

S3 

J006 

/W017& 

.^i^'^ 

.0100 

.000266 

!4042 

.007080 

.000133 

.286 

84 

JM 

.OOOISO 

M-^ 

jom 

.000224 

.8718 

.006305 

.000105 

.254 

86 

J006 

JN)00Ga2 

.l^ik'Jl 

.0084 

.000187 

.3396 

.00f>r,15 

.0000837 

.226 

86 

.004 

XWOOi^ 

.Hilj 

.0070 

X)00153 

.8072 

.005000 

X)0006C2 

.202 

37 

.0068 
.0060 
J0052 

.000122 

.0000952 

.0000714 

.2748 
.2426 
.2102 

.00445;? 
.003965 

.0(ia5:ii 

.0000526 
.0000417 
.0000330 

J80 

88 

.169 

89 

.142 

40 

1.M.....M. 

.0048 

.0000606 

.1940 

.003144 

i)000262 

.127 

41 

™.*!"!^ 

JOOU 

jom 

.0000618 
XX)00483 

.1778 
.1617 

42 

M....».... 

43 

..MM  ••••«. 

...M.  >....« 

••...••••••• 

.0036 

.0000344 

.1466 

44 

^, 

............ 



.0032 

.0000271 

.1293 

1.5 



.0028 
jOO-24 
4)020 
XWIO 

.0000*207 
.0000152 
.0000106 
.0000068 

.1182 
.0970 
.0808 
.0647 

litized  by  V. 
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WIRE  GAUGES. 


Amerleftn  ipaoire  for  sheet  and  plate  iron  and  steel  (1S0S).  We  onii 
the  columns  of  weight  In  kilograms  per  square  foot  and  in  poonda  per  aqoaiv 
meter,  and  simplify  the  headings  of  the  remaining  oolurana. 
An  Act  establishing  a  standard  eauge  for  sheet  and  plate  iron  and  steeL 
Be  it  enacted  by  the  Senate  and  Houk  of  B^eMcntaiices  qf  the  t'nited  it^es  tf 
America  in  Congress  assembled^  That  for  tne  purpose  of  securing  anlfonuitj  Uie 
following  is  established  as  the  only  standard  gauge  for  sheet  aiMl  plate  iron  and 
steel  in  the  United  i<tates  of  America,  namely : 


Approximate  thiokDrw. 

Weighu 

No. 

Inohos, 

Iftllimetert. 

Per  w).  foot, 

Be««r.  is 

oonoea. 

POUMI.. 

kitocnn 

7-0 

1-2       =.5 

12.7 

820 

20.00 

97  J5 

&-0 

l.'^32    =.46875 

11.90625 

800 

18.75 

91^ 

6-0 

7-16    =.4375 

11.1125 

280 

17.60 

85.44 

4-0 

13-82    =.40625 

10.31875 

260 

16.25 

79.83 

JM) 

3-8      «.375 

9.525 

240 

15. 

73L24 

2-0 

11-32    =.34375 

8.73126 

220 

1.^.75 

67.13 

0 

5-16    =.3125 

7.9376 

200 

12J>0 

61.03 

1 

»-ii2    =.28125 

7.14376 

180 

11.26 

54-W 

2 

17-64    =.265625 

6.746875 

170 

10.G2S 

5193 

8 

1-4       =.25 

6.35 

160 

10. 

48.fJ 

4 

15-64    =.234375 

5.953126 

150 

9375 

4.>  77 

6 

7-32    =.21875 

6.55625 

140 

8.75 

42.:-* 

6 

13-64    =.203125 

6.159876 

130 

8.125 

8i).67 

7 

3-16    =.1875 

4.7625 

120 

7.5 

.%62 

8 

11-64    -=.171875 

4.866626 

110 

6.875 

3357 

9 

6-:J2    =.15625 

3.96875 

100 

5.25 

30.52 

10 

9-64     =.140626 

3.671876 

90 

6.625 

27.46 

11 

1-8      =.125 

8.176 

80 

6. 

24.41 

12 

7-64    =.109375 

2.778125 

70 

4.376 

2186 

13 

3-32    =.(J9375 

2.38125 

60 

3.76 

18J1 

14 

5-64    =.078126 

1.984376 

60 

ai26 

15.26 

15 

9-128  =.0703125 

1.7859375 

46 

2.8125 

1S.7S 

16 

1-16    =J)625 

1.5875 

40      • 

2A 

1-2.21 

17 

9-160  =.05625 

1.42875 

36 

2.25 

1039 

18 

1-20    =.05 

1.27 

32 

2. 

9.765 

19 

7-160  =.04375 

1.11125 

28 

1.75 

8.544 

20 

.3-80    =.0375 

.9526 

24 

1.50 

7.324 

21 

11-320  =.034376 

.873125 

22 

1.376 

6.713 

22 

1-32    =.03125 

.793750 

30 

1.25 

6.10S 

23 

9-320  =-.028125 

.714375 

18 

1.125 

5.498 

24 

1-40    =.025 

.635 

16 

1. 

4^182 

25 

7-320  =021875 

.555626 

14 

.875 

4.273 

26 

JMfiO  =.01875 

.47625 

12 

.75 

8.66S 

27 

11-640  =.0171875 

.4365625 

11 

.6875 

S.3S7 

28 

1-64    =.015625 

.396875 

10 

.626 

8.osa 

29 

9-640  =.0140625 

.8671875 

9 

.6625 

2.746 

30 

1-80    =.0125 

.8175 

8 

.6 

8.441 

81 

7-640  =.0109375 

.2778125 

7 

.4375 

SLI36 

82 

13-1280=.(»1015G25 

.25796875 

H 

.40626 

1.963 

83 

3-320  =.009376 

.238125 

6 

.876 

1.831 

84 

11-1 280 =.00859375 

.21828126 

^ 

.34375 

1.678 

85 

5-640  =.0078125 

.1984375 

6 

.8125 

1.528 

86 

9-1 280=. 00703125 

.17859375 

3 

.28126 

1.378 

87 

17-2660=.006640625 

.168671876 

.265625 

1.297 

88 

1-160  =.00625 

.15875 

r 

.25 

1.221 

And  on  and  after  July  first,  eighteen  hundred  and  niuetv-three.  the  same  and 
no  other  shall  b«  used  in  deterniiuing  duties  and  taxes  levied  bv  the  UniU-d 
States  of  America  on  sheet  and  plate  iron  and  stwl.  But  this  act  shall  not  be 
construed  to  increase  duties  ui>on  any  articles  which  may  be  imported. 

Ssa  2.  1  hat  the  Secretary  of  the  I'ressury  is  authorised  and  required  to  pr«. 
pare  suitable  standards  in  accordance  herewith. 

— SvM-t:  J"  *^  *il  '-S®  practical  use  and  application  of  the  sUndard  gauge  hereby 
^pprovldVIJih  8**°«tt.'''''  *°^  one-half  per  cent,  either  way  may  beallovedL 
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€IB€IJI.AB  MEASVBE. 

Used  in  comparing  cross  sections  of  wires,  etc. 

A  circular  unit  is  the  area  of  a  circle  whose  diameter  is  one  linear  unit 
Thus,  a  circular  inch  is  the  area  (=  0.7854  square  inch)  of  a  circle  whoee 
diameter  is  one  inch. 

The  following  table  is  adapted,  by  permission,  from  Mr.  Carl  Hering's  valu- 
able Tables  of  Equivalents  of  Units  of  Measurement,  New  York,  1888.  Inas- 
much as  we  take  1  meter  =--  39.37  inches,  instead  of  39.37079  inches,  our  yalues 
difiTer  slightly  from  his. 

Logarithm. 

1  O  mil*.- =       0.78540  D  mil* 1.895  0899 

a-       0.00064516  O  millimeter '4.809  6692 

=       0.00030671  a  millimeter 1.704  7591 

1  n  mil  • =-       1.2732  O  mils* 0.104  9101 

=»       0.00082145  O  millimeter 1.914  6793 

1  O  millimeter  =s  1550.0  0  mils* 8.190  3308 

=  1217.4  D  mils* 3.085  4207 

=>       0.78540  O  millimeter 1.895  0890 

1  D  millimeter  =  1973.5  0  mils* 8.296  2409 

=       1.2732  O  millimeters 0.104  9101 

EDISOIf  STAlfDARB  WIRE  OAVOE. 

Adopted  by  the  Associated  Edison  lUaminating  Companies. 
In  this  table  the  gauge  number  is  approximately  equal  to 
Y^  X  area  of  cross  section  in  circular  mils* 
a  1^  X  square  of  diameter  in  mils.* 


No. 

Diameter, 

No 

Diameter, 

No. 

Diameter, 

in  mils. 

in  mils. 

in  mils. 

8 

54.78 

66 

264.96 

160 

400.00 

5 

70.72 

70 

264.58 

170 

412.82 

8 

89.45 

76 

273.87 

180 

424.27 

12 

109.55 

80 

282.85 

190 

435.89 

15 

122.48 

86 

291.55 

200 

447.22 

20 

141.43 

90 

800.00 

220 

469.06 

25 

158.12 

96 

808.23 

240 

489.90 

30 

173.21 

100 

816.28 

260 

509.91 

85 

187.09 

110 

881.67 

280 

629.16 

40 

200.00 

120 

346.42 

800 

647.78 

45 

212.14 

130 

360.56 

820 

665.69 

50 

223.61 

140 

374.17 

340 

683.10 

55 

234i53 

150 

887.80 

860 

600.00 

60 

244.95 

( 


•  I  mil  -  jjf^  inch. 
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wntB  GAtjaB& 


IVo  trade  fiiapldlty  is  more  thoroughly  Benseless  than  the  adbwcnoe  tt 
the  various  Birmiugham,  Lancaaliirpf  Ac,  gaagee ;  iofttead  of  at  ooce  deootiag  tkt 
thickness  and  diameter  of  shetts,  wire,  &c,  by  the  parts  of  an  inch ;  aa  has  loof 
been  suggested.  Tlius,  No.  W,  or  No.  ^  wire,  or  eheet-metal  of  any  kind,  ahovh 
be  understood  to  mean  ^  or  ^  of  au  iuch  diam,  or  thickness.  To  avoid  mietakrt. 
which  are  very  apt  to  occur  from  the  number  of  gauges  in  use;  and  from  the  abesn: 
practice  of  applying  the  same  No.  to  different  thicknesses  of  different  metals,  in  d^ 
Went  towns,  it  is  best  to  ignore  them  nil ;  and  in  giving  orders,  to  define  the  diaah 
Iter  of  wire,  and  the  thickness  of  sheet-metal,  by  parts  of  an  Inch.  Or  tbe  wsight 
par  hundred  ft  for  wire ;  or  per  sq  ft  for  sheets,  may  be  employed.  We  hfHmv  that 
Hbeftnregoing  Birmingham  gauge  applies  to  sine,  copper,  brass,  and  lead;  altfioogk 
ft  is  generally  stated  to  be  for  iron  and  steel  only.  Another  Birmingham  cange  i* 
used  for  siieet-brass,  gold,  silver,  and  some  other  metals;  but  we  have  never  seen  it 
stated  what  those  others  are.  There  are  different  gauges  even  for  wire  to  be  ir>^: 
for  different  purposes ;  and  various  firms  have  gauges  of  their  own ;  not  evea  aocort 
Ing  among  themselves. 

As  Mr.  Stubs  makes  various  English  gauges,  the  term  **  Stubs  fgrnwE^^  "^  h 
Ute{f  means  nothing.  GeneraUy,  however,  in  our  machine  ^ops,  it  applies  lo  ti;' 
Bimingham  gauge  of  the  preceding  table. 


Blrmfngfha 


I  can9«  for  alieet  Braas,  Silver*  CU»ld,  and  all  matali 

except  iron  and  steel  T 


Mo. 

Tblokn's. 

No. 

TblokB's. 

No. 

Thtekn's. 

No. 

Ttaiokn-s. 

No. 

Thiekn^ 

No. 

Tblekaa 

Inoh  * 

Xooh 

laeh 

Ineh 

iBOll 

bSk 

.004 

7 

.016 

18 

.086 

19 

.064 

25 

.095 

SI 

JSS 

.006 

8 

.016 

14 

.041 

SO 

.067 

96 

JOS 

«2 

.143 

.006 

9 

.010 

1ft 

.017 

21 

.073 

27 

.113 

83 

.145 

.010 

10 

.024 

16 

.061 

22 

.074 

28 

.120 

84 

.14^ 

.012 

11 

.029 

17 

.067 

23 

.077 

29 

.124 

85 

,v:s 

.018 

12 

.084 

18 

.061 

U 

.082 

SO 

.126 

86 

46? 

The  luilla  rollings  sheet  Iron  in  the  United  States  generally 

use  ihe  ioiiowiiig,  which  varies  slightly  from  the  Birmingham  gauge: 


No. 

lbs  per 

No. 

li>8  per 

No. 

lbs  per 

No. 

lbs  per 

1 

sqft 
1250 

8 

SSe"- 

15 

St" 

22 

1^ 

2 

12.00 

9 

6.24 

16 

2.50 

23 

1.12 

8 

11.00 

10 

5.62 

17 

2.18 

24 

IJOO 

4 

10.00 

11 

5.00 

18 

1.86 

25 

J90 

5 

8.75 

12 

4.38 

19 

1.70 

26 

M 

6 

8.12 

13 

8.76 

20 

IM 

27 

.72 

7 

7.50 

14 

8.12 

21 

1.40 

28 

.64 

When  wire,  aheet^metsa,  «e.,  are  ordered  by  gauge  number,  and  it  :a 
not  specified  what  gauge  is  intended;  dealeis  in  the  United  Slates  fill  the  ordsr  at 
Mlows: 

Brass,  bronse  or  German  Silver  in  sheets,  German  Sliver  wire,  braaed  brasi^  brottai^ 
Bine  or  copper  tubing,  by  Brown  A  ttharpe's  (or  "*  American")  gauge. 

Copper  in  sheets;  brass  and  copper  wire;  seamless  brass,  bronBe  or  copper  tabtos; 
Biid  small  braes  rods;  by  Stubs*  (or  Birmingham)  gauge. 


Vr^^^^^^J^^.^^'A^  brass  wire  has  about  94 ths  the  strengths  of  tbe  tahle 
p.  1 173,  and  about  %  more  weight    If  annealed,  only  full  half  the  strength. 

i^"*e  wd^S."**'  ^^^  °^^  ^  **^*°  *^  ^  **'  ***®  "^"*"  "renK*b».  «"<'  f"" 
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Table  of  Cbareoal  Iron  Wire  made  by  Trenton  Iron  Co., 

Trenton,  N.  J.  The  numbers  in  the  first  column  are  tiioee  of  the  Trenton  Iron 
Co*s  fl^ng^e.  The  oorreeponding  diametexs  in  the  second  column  will  be  seen  to 
be  somewhat  lees  than  those  of  the  Birmingham  gauge. 


Ho. 

Diam. 
in*. 

Lioeal 

feet  to  the 

Poand. 

Tenaile 
Str-fth 

.pp.0. 

No. 

Diam. 
tun. 

Lineal 

feet  to  the 

Pound. 

Tensile 

Str'gth 
Ajprox 

Xo. 

Dlam. 
Int. 

Lfneel 

feet  to  tbo 

Pooud. 

ooooo 

.450 

1.863 

12598 

11 

.1175 

27.340 

1010 

26 

.018 

1164.689 

0000 

.400 

2.358 

9955 

12 

.105 

34.219 

810 

27 

.017 

1306.670 

000 

jm 

2.911 

8124 

13 

.0925 

44.092 

631 

28 

.016 

1476.869 

00 

.330 

8.465 

6880 

14 

.080 

58.916 

474 

29 

.015 

1676.989 

.806 

4.057 

5926 

15 

.070 

76.984 

872 

30 

.014 

1925.821 

.285 

4.646 

5226 

16 

.061 

101.488 

292 

31 

.018 

2282.668 

.265 

5.374 

4670 

17 

.0525 

137.174 

222 

82 

.012 

2620.667 

.245 

6.286 

3948 

18 

.045 

186.336 

169 

83 

.011 

3119.092 

.225 

7.454 

3374 

19 

.040 

235.084 

187 

34 

.010 

8773JJ84 

.205 

8.976 

2839 

20 

.oa5 

808.079 

107 

85 

.0095 

4182.608 

.190 

10.453 

2476 

21 

.031 

392.772 

..*... 

36 

.009 

4657.728 

.175 

12.322 

2136 

22 

.028 

481.2.^4 

...... 

37 

.0086 

5222.086 

.160 

14.736 

1813 

23 

.025 

603.863 



88 

.008 

5896.147 

.145 

17.950 

1.W 

24 

.0225 

746.710 

, 

39 

.0075 

6724.291 

10 

.180 

22.383 

1288 

25 

.020 

948.896 



40 

.007 

7698.268 

Tbo  wire  In  tbto  table  is  rapposed  to  be  hard,  bright. 

The  figures  in  the  column  of  tensile  strength  are  based  upon  tests 
charcoal  iron  wire  fVom  Trenton  blooms. 

Th#  tensile  strength  of  wire  made  of  is  about 

Good  refined  iron 15  percent.  I«*S8 

Swedish  charcoal  iron 10      '*        ** 

Mild  Bessemer  steel 10      «      more 

Ordinary  crucible  steel 26      "         *- 

Special  crucible  steel JO  to  120      «         « 

Annealing  renders  wire  morn  pliable  and  ductile,  but  lees  elastic:  and  reduces  the 
tensile  strength  by  from  20  to  26  per  cent 


or  unannealed. 
made  with  good 


than  that  of 

bright  charcoal 

wire,  given  In 

the  above  table. 


To  And  approximately  the  number  of  stralfpht  wires  tbat 
can  be  cot  into  a  eable  of  ylven  dlameier. 

IXride  the  diameter  of  the  cable  in  inches,  by  the  diameter  of  a  wire  In  inches. 
Square  the  <^uotient.  Multiply  said  square  bv  the  decimal  .77.  The  result  will  be 
correct  within  about  4  or  5  per  cent  at  most,  in  a  cylindrical  cable. 

Tbe  solidity,  or  metal  area  of  all  tbe  wires  in  a  eable,  will  be 
to  the  area  of  the  eable  itself,  about  as  1  to  1.3.  In  other  words,  the  area  of  the 
Toids  is  nearly  %  that  of  the  cable ;  while  that  of  the  wires  is  fully  %  that  of  the 
cable.    All  approximate. 


( 
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I<  »  span  In  It 

W  -  uniformlj  distributed  afe  load  In  fti  -  ^ 

X  -■  momeol  of  load,  in  fU-Iha  —  -g-  «•  -  «»  -y 

M 

S  =3  stress  In  extreme  fibres.  In  lbs  per  sq  In  » -^ 

I,  I  =  moment  of  inertia;  I,  about  XY ;  i,  about  A  B 
B,  r  —  radius  of  gyration ;  B,    "       "     r,     "^      *• 

X     « "section  modulus"  ••       "     ^ "  ^T^ 

C      »  coeiBcIent  for  nniformlj  distributed  safe  load  —  WL  —  8  Iff  -» 


«sx 


C^,  for  sUlic  loads ;  8  »  16,000  lbs.    €„«  for  mOTing  loada ;  S  » 12,500  fta. 
D     B  distance  required  to  make  r  =  R 


Section 
index. 

H. 

Depth 
ins. 

Weight 

per  ft 

flba. 

Area  of 
section 
sq  in. 

Web 

thickness 

.ins. 

Flange 

vjdth 

ins. 

B   1 

It 

U 

100.00 
80.00 

29.41 
23.33 

0.764 
0.500 

7.2S4 
7.008 

B  2 

20 
t< 

100.00 
80.00 

29.41 
28.73 

0.884 

aooo 

7.284 
7.(»0 

B  8 

u 

20 

75.00 
65.00 

22.06 
19.08 

0.649 
0.500 

6.899 
6.250 

B80 

18 

70.00 
65.00 

20.69 
15.98 

0.7U 
0.460 

6.2S9 
6LO00 

B   4 

16 

100.00 
80.00 

29.41 
23.81 

1.184 
0.810 

6.774 
6l400 

B   5 

16 

4t 

75.00 
60.00 

22.06 
17.67 

0.882 
a690 

6.2» 
6.000 

B   7 

«< 

15 

55.00 
42.00 

16.18 
12.48 

0.666 
0.410 

6.746 
6.600 

B   8 

11 

12 
(t 

65.00 
40.00 

16.18 
11.84 

0.822 
a460 

5.612 
5.250 

B  9 
u 

12 

tt 

85.00 
81.50 

10.29 
9.26 

0.436 
0.860 

5.086 
5.000 

Bll 
it 

10 

41 

40.00 
25.00 

11.76 
7.87 

0.749 
0.810 

6.009 
4.660 

B18 

tt 

9 

85.00 
21.00 

10.29 
6.81 

0.782 
0.290 

4.772 
4380 

B16 

8 

25.50 
l&OO 

7.50 
5.83 

0.641 
0.270 

4.271 
4.000 

B17 

7 
ft 

20.00 
15.00 

5.88 
4.42 

0.468 
0.860 

8.868 
8660 

B19 

6 

It 

17.25 
12.25 

6.07 
8.61 

a475 
0.230 

8.675 
8.380 

B21 

6 

14.75 
9.75 

4.84 
2.87 

0.604 
0.210 

3.294 
8.000 

B28 

4 

10.60 
7.50 

3.09 
2.21 

0.410 
0.190 

2880 
2.680 

B77 

3 

7.50 
6.50 

2.21 
1.63 

0.861 

2.821 
1890 

y 

I-BEAMS. 
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I-BEAMS. 


Tlie  table  ^vem  the  maximam 
and  the  minimum  weight  of  each  Bection. 
The  minimum  weights  are  standard. 
Others  are  special. 

Caatlon.— With  very  short  spans, 
the  loads  found  by  means  of  columns 
Cfl  and  Cm,  although  safe  against  bend' 
ingf  may  oe  so  great  as  to  endanger  a 
ertuhing  of  the  ends  of  the  beam,  or  of 
the  walls,  etc.,  nnder  them,  unless  the 
beam  has.  at  its  ends,  a  greater  length  of 
bearing  tnan  would  otherwise  be  nwded. 


I 

1 

R 

ins. 

r 
ins. 

X 

Cs 

lbs. 

Cm 
lbs. 

ins. 

Section 
index. 

2880.8 
S087.9 

48.56 
42.86 

9.00 
9.46 

1.28 
1.36 

198.4 
174.0 

2,115,800 
1,855,900 

1,653,000 
1,449,900 

17.82 
18.72 

B   1 

1655.8 
1466.5 

62.65 
45.81 

7.50 
7.86 

1.84 
1.39 

165.6 
146.7 

1,766,100 
1,564,300 

1,379,800 
1,222,100 

14.76 
15.47 

B   2 

1268.9 
1169.6 

30.25 

27.86 

7.68 
7.83 

1.17 
1.21 

126.9 
117.0 

1,853,500 
1,247,600 

1.057,400 
974,700 

14.98 
15.47 

B  8 

(i 

921.3 
795.6 

24.62 
21.19 

6.69 
7.07 

1.09 
1.15 

102.4 
88.4 

1,091,900 
943,000 

858,000 
736,700 

13.20 
18.95 

B80 

900.5 
795.5 

50.96 
41.76 

6.63 
5.78 

1.81 
1.32 

120.1 
106.1 

1,280,700 
1,131,300 

1,000,600 
883,900 

10.75 
11.25 

B  4 

691.2 
609.0 

80.68 
25.96 

5.60 
6.87 

1.18 
1.21 

92.2 
81.2 

983,000 
866,100 

768,000 
676,600 

10.95 
11.49 

B  6 

ft 

6110 
441.7 

17.06 
14.62 

5.62 
5.95 

1.02 
1.08 

68.1 
58.9 

726,800 
628,800 

567,800 
490,800 

11.06 
11.70 

B  7 

321.0 
268.9 

17.46 
18.81 

4.45 
4.77 

1.04 
1.08 

53.5 
44.8 

570,600 
478,100 

445,800 
878,500 

8.65 
9.29 

B  8 

22&8 
215.8 

10.07 
9.50 

4.71 
4.83 

0.99 
1.01 

88.0 
86.0 

406.800 
883,700 

817,000 
299,700 

9.21 
9.45 

B  9 

158.7 
122.1 

9.50 
6.88 

3.67 
4.07 

0.90 
0.97 

31.7 
244 

833,500 
260,500 

264,500 
208,500 

7.12 
7.91 

Bll 

111.8 
84.9 

7.31 
5.16 

3.29 
3,67 

0.84 
0.90 

24.8 
18.9 

265,000 
201,300 

207,000 
157,300 

6.36 
7.12 

BIS 

68.4 
56L» 

4.75 
8.78 

3.02 
8.27 

0.80 
0.84 

17.1 
14.2 

182,500 
151,700 

142,600 
118,500 

6.82 
6.32 

B15 
fi 

42.2 
86.2 

8.24 
2.67 

2.68 
2.86 

0.74 
0.78 

12.1 
10.4 

128,600 
110,400 

100,400 
86,300 

5.15 
5.50 

B17 

26.2 
21.8 

2.36 
1.85 

2.27 
2.46 

0.68 
0.72 

8.7 
7.3 

98,100 
77,500 

72,800 
60,500 

4.33 
4.70 

B19 
11 

J5.2 
12.1 

7.1 
&0 

2.9 
2.5 

1.70 
1.23 

l.Ol 
0.77 

0.60 
0.46 

1.87 
2.06 

1.52 
1.64 

1.16 
1.23 

0.63 
0  65 

6.1 

4.8 

64,600 
51,600 

88,100 
31,800 

20,700 
17,600 

50,500 
40.300 

29,800 
24,900 

16,200 
18,800 

B21 

f< 

0.67 
0.59 

0.52 
0.63 

8.6 
3.0 

1.9 
1.7 



B28 
11 

B77 

4< 
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CHANKEIB. 


li  —  8p«n  in  ft 

W  *-  uniformlj  dlstrilmted  safe  load  In  Ihs  ■ 


H  —  momeni  of  load,  in  fUlbs  «>  — s-  ^  -  ^  .-— 

8         8       12 

If 
S  =>  stress  In  extreme  fibres,  in  lbs  per  sq  in  =»  ^ 

I,  I  =3  moment  of  inertia ;  I,  about  XY ;  1,  about  A  B 
R, r=>  radius  of  gyration;  R,     '*       **      r,     **       '* 

X     s»  "section  modulus"  *•       "     X  —  — g— 


C      »  coefficient  for  uniformly  distributed  safe  load  —  WL  ■>  8  M  >■ 
C^,  for  sUtic  loads ;  S  =»  16,000  lbs.    Cm. 
D      »  distance  required  to  make  r^BL 


8SX 

IS 
moring  loads;  S  —  12,808  fts. 


Section 
Index. 

H. 

I>epth 

ills. 

Weight 
per  ft 

Area  of 
section 
sqin. 

Web 

thickness 

ins. 

FlaoM 

wid& 

ioa. 

CI 

15 

55.00 
83.00 

16.18 
9.90 

0.818 
0.400 

3.818 
3.400 

C   2 

12 

40.00 
20.60 

11.76 
6w03 

0.758 
a280 

3.418 
2.940 

C  8 

if 

10 

86.00 
16.00 

ia29 
4.46 

0.823 
0.240 

8.183 
2.G0O 

C  4 

•4 

9 

25.00 
13.26 

7.35 
a89 

0.615 
0.280 

2.815 
2.430 

C  6 

8 
li 

21.25 
11.25 

6.25 
8.85 

0.582 
0.220 

2.622 
12$0 

C  6 
II 

7 
II 

19.75 
9.75 

6.81 
2.86 

0.633 
0.210 

2.513 
.2.080 

C  7 
II 

6 

15.50 
8.00 

4.56 

2.88 

0.563 
a200 

2.283 
1.980 

C  8 

«i 

6 

11.50 
6.50 

8.38 
1.95 

0.477 
0.190 

2.087 
1.790 

C   9 
II 

4 

7.25     . 
6.25 

2.18 
1.55 

0.825 
0.180 

1.72S 
1.580 

C72 

3 
li 

600 
4.00 

1.76 
1.19 

0.862 
0.170 

1.608 
1.410 

Fire-proof  floors  of  I  beams  and  brtek^tfelftes. 

The  arches  are  usually  "  four-inch  "—or  "  half  a  brick  **  deep ;  span,  <,  from  6 
to 6  feet;  rise  about  one-twelfth  to  one-sixteenth  of  the  span.  Tie-rods,  T,  H 
Inch  to  1  inch  diameter,  from  4  to  6  or  8  feet  apart,  and  anclx>red  into  ean  vau 


With  a  stout  washer,  W.  At  each  wall  an  angle  iron,  a,  or  a  tee  iron  is  genei^Ur 
nsed  Instead  of  a  beam,  llie  spandrels  are  leveled  np  wlih  oonorete,  enclosiiic 
wooden  strips, mm, about  1  inch X 2 intdies, twooTer each aitsh.  I^ tiieBe suiS 
the  flooring  Is  nailed.  ,  **»««•  •w.l^ 
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The  table  iplyefli  the  maximan. 
andtberaininmni  weight  of  each  sectioa 
The  miniiuum  weights  are  standard. 
Others  are  special. 

CButlon.— With  very  short  spans, 
the  loads  found  by  means  of  columns 
Ca  and  C^,  although  safe  against  bend' 
ivg,  may  be  so  great  as  to  endanger  a 
cnuhing  of  the  ends  of  the  beam,  or  of 
the  walls,  etc,  under  them,  unless  the 
beam  has.  at  its  ends,  a  greater  length  of 
bearing  than  woulU  otherwise  be  needed. 


I 

i 

R 

ins. 

r 
ins. 

X 

€s 

Cm 

fts. 

ins. 

Section 
index. 

48a2 
812.6 

12.19 

8.28 

6.16 
5.62 

0.868 
0.912 

67.4 
41.7 

611,900 
444,500 

478,000 
347,300 

8.58 
9.50 

C   1 

u 

197.0 
128.1 

6.63 
8.91 

4.09 
4.61 

0.751 
0.806 

82.8 
21.4 

350,200 
227,800 

273,600 
178,000 

6.60 
7.67 

C  2 

u 

115.5 
66.9 

4.66 
2.30 

3.35 
a87 

0.672 
0.718 

23.1 
13.4 

246.400 
142,700 

192,600 
111,500 

6.17 
6.83 

C  3 

70.7 
47.3 

2.98 
1.77 

8.10 
3.49 

0.637 
0.674 

15.7 
10.5 

167,600 
112,200 

130,900 
87,600 

4.84 
5.63 

C  4 

(C 

47.8 
S2.3 

2.25 
1.33 

2.77 
3.11 

0.600 
0.630 

11.9 
8.1 

127.400 
86,100 

99,500 
67,300 

4.23 
4.94 

C  5 

88.2 
21.1 

1.85 
0.98 

2.39 

2.72 

0.565 
0.586 

9.5 
6.0 

101,100 
66,800 

79,000 
52,200 

8.48 
4.22 

C   6 

19.5 
13.0 

1.28 
0.70 

2.07 
2.34 

0.529 
0.542 

6.5 
4.3 

69,500 
46,200 

54,300 
36,100 

2.91 
3.52 

C  7 

ia4 

7.4 

0.82 
0.48 

1.75 
1.95 

0.493 
0.498 

4.2 
8.0 

44,400 
81.600 

34,700 
24,700 

2.34 
2.79 

C  8 

4.6 
8.8 

0.44 
0.32 

1.46 
1.56 

0.4S6 
0.453 

2.8 
1.9 

24,400 
20,200 

19,000 
15,800 

1.85 
2.06 

C  9 

2.1 
1.6 

0.81 
0.20 

1.08 
1.17 

0.421 
0.409 

1.4 

1.1 

14,700 
11.600 

11,600 
9,100 

1.07 
1.31 

C72 

( 


The  weight  of  a  4>lDch  arch,  with  its  concrete  filling  and  wooden  flooring,  but 
ttclusiTe  of  the  beaum,  is  about  70  lbs.  per  souare  foot  of  floor. 
A  dense  crowd  of  persons  will  hardly  weign  more  than  80  lbs.  per  square  foot. 


Eacb  center,  G  has  fastened  to  it  at  each  end  a  bent  iron  strap,  A.  forming 
book  by  which  the  center  is  suspended  from  the  lower  flan|^^ge^^«|^ 
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ANGLES  AKD  T  SHAPES. 


CAIUTEOIB  AXraUi 


d         »  dlstanoe  between  ceoter  of  grmyitj  and  back  of  flange  W 

H  _,  t<  ti  ••  ct  tt  u  «        f.  u 

I,  I      =»  moment  of  iDertia;  I,  abont  XY ;    i,  about  A  B 


Xf  X  =>  leut "  section  moduliu" ;    X, 


12  M. 


-^V^t 


B,B'-radlu»  of  gyration;  B,    "       "       B',    "       " 

r         =  least  radius  of  gyration,  about  neatral  axis  forming  acnto  angle  a 
with  each  flange.    In  angles  with  equal  legs,  a  »  45^ 

C         =  ooeflicient  for  uoiformlj  distributed  safe  losd :  ) 

Cg  for  static  loads ;  fibre  stress  »■  16,000  fts.        V  For  T  shapes  only. 
Cqi,  for  moTiog  loads ;  fibre  stress  »  12,000  fta.  j 


Section 
index. 


Size 
H     W 
ins.  Ins. 


Thick- 
nesss 
ins. 


Weight 

per  ft 

fts. 


Area  of 
section 
sq  ins. 


d 
ins. 


s 
ius. 


Angles  wltb  V 

♦AIM 
•A  169 

7     X3V^ 
7     XSVl 

1 

82.8 
16.0 

9.50 
4.40 

2.n 

2.50 

096 
0.75 

45.87 
22.56 

7.58 
8.99 

A   89 
A  168 

6      X4 
6     X4 

1 

80.6 
12.8 

9.00 
8.61 

2.17 
1.94 

1.17 
0.94 

80.75 
18.47 

10.75 
4.99 

A   92 
A  177 

6     XSK 
6     xsg 

1 

28.9 
11.7 

8.50 
8.42 

2.26 
2.04 

1.01 
0.79 

29.24 
12.86 

7.21 
8.34 

♦A  178 
♦A  186 

5  X4 

6  X4 

u 

11.0 

7.11 
8.23 

1.71 
1.63 

1.21 
1.03 

16.42 
8.14 

9.2S 
4.67 

A  187 
A   96 

5     X3l^ 
5     X3^ 

\ 

22.7 
8.7 

6.67 
2.66 

1.79 
1.50 

1.04 
0.84 

15.67 
660 

6.21 
2.72 

A  196 
A280 

5  X8 

6  XS 

I 

19.9 
8.2 

6.84 
2.40 

1.86 
1.68 

086 
a68 

13.96 
6.26 

aL71 
L75 

•A  204 
•A   97 

4^X3 
4^X8 

I 

18.5 
7.7 

6.43 
2.25 

1.65 
1.47 

0.90 
a72 

10.83 
4.69 

S.6B 
L7J 

•  A  212 
•A   98 

4     XSJ^ 
4X8^ 

I 

18.5 
7.7 

6.43 
2.25 

1.36 
1.18 

1.11 
0.93 

7.77 
8.66 

8.49 
2.S9 

A220 
A228 

4      X3 
4     X3 

IS 

17.1 
7.1 

6.03 
2.09 

1.44 
1.26 

0.94 
0.76 

7.84 
8.88 

8.47 
1.65 

A  229 
A  237 

8>lx8 

I 

15.7 
6.6 

4.62 
1.93 

1.23 
1.06 

0.96 
0.81 

4.98 
2.83 

SLS8 

1.58 

A238 
A246 

9HX2ii 

II 

12.4 
4.9 

8.65 
1.44 

1.27 
1.11 

0.77 
0.61 

4.13 
1.80 

1.72 
&78 

•A  246 
«A231 

8J^X2 
8^Jx2 

s 

9.0 
4.3 

2.64 
1.26 

1.21 
1.09 

0.59 
0.48 

2.64 
1.86 

0i75 
0.40 

A262 
A257 

t  ^i^ 

s 

9.5 
4.5 

2.78 
1.81 

1.02 
0.91 

0.77 
0.66 

2.28 
1.17 

1.42 
0.74 

•A258 
•  A262 

I  r. 

^ 

7.7 
4.0 

2.25 
1.19 

1.08 
0.99 

0.58 
0.49 

1.92 
1.09 

a67 

0l39 

A264 
A2e9 

2HX2 
2>|X2 

"k 

6.8 
2.8 

2.00 
0.81 

0.88 
0.76 

0.68 
0.51 

1.14 

asi 

0.64 
0.29 

•A  270 
•A  276 

2''4  X  IH 
2^X1K 

^ 

6.6 
2.8 

1.63 
0.67 

0.86 
a  75 

0.48 
0.37 

0.82 
0.84 

0126 
0.12 

•  A  276 
•A277 

i  ^\n 

l 

2.7 
2.1 

0.78 
0.60 

0.69 
0.66 

0.87 

ass 

0.37 
0.24 

«.I2 
0.09 

•A  278 
•A  279 

m\ 

\ 

1.8 
1.0 

0.53 
0.28 

0.48 
0.44 

a29 
0.26 

ao9 

0.05 

0.04 
0.02 

•Special  sections.    fForMandSsee 


.^iz^f^Bigk 


» T  SHAraiL 


m 


-w- 


--Y-        ,.X.-.-Y- 


•W- 


Seotion 
Index. 


liaadmnm  and  Minimum  Weii^ht  of  each  Section. 


2.96 
1.47 

2.19 
2.26 

0.89 
a95 

0.88 
0.89 

8.79 
1.G0 

1.85 
1.93 

1.09 
1.17 

0.85 
0.88 

2L90 
1.23 

1.85 
1.94 

0.92 
0.99 

0.74 
0.77 

3.31 
1.57 

1.52 
1.50 

1.14 
1.20 

0.84 
0.86 

252 
1.02 

1.53 
1.61 

0.96 
1.08 

0.75 
0.76 

1.74 
a75 

1.55 
1.61 

0.80 
0.85 

0.64 
0.66 

1.71 
0.76 

1.88 
1.44 

0.81 
0.88 

0.64 
0.66 

2.30 
l.Ol 

1.19 
1.26 

1.01 
1.07 

0.72 
0.73 

1.68 
0:74 

1.21 
1.27 

0.88 
0.89 

0.64 
0.65 

1.65 
0.72 

1.04 
1.10 

0.85 
0.90 

0.62 
0.63 

0.99 
0.41 

1.06 
1,12 

0.67 

a74 

0.53 
0.54 

0.58 
0.26 

0.82 
0.40 

0.47 
0.25 

1.00 
1.04 

0.91 
0.95 

0.92 
0.95 

0.53 
0.57 

0.72 
0.75 

0.65 
0.57 

0.44 
0.45 

0.52 
0.58 

0.48 
0.48 

0.46 
0.20 

0.75 
0.79 

0.56 
0.60 

0.42 
0.43 

0.26 
0.11 

0.71 
0.72 

0.40 
0.48 

0.89 
0.40 

0.12 
0.09 

0.68 
0.68 

0.89 
0.40 

0.80 
0.81 

005 
0.08 

0.41 
0.44 

0.27 
0.29 

0.22 
0.22 

A  150* 
A  159* 

A  89 

A  168 

A  92 

A  177 

A  178* 
A  186* 

A  187 
A  96 

A  196 
A  280 

A204« 
A  97* 

A  212* 
A  98* 

A220 
A228 

A229 
A  237 

A238 
A  245 

A  246* 
A  251* 

A  252 
A  257 

A258* 
A2G2* 

A264 
A  269 

A  270* 
A  275* 

A  276* 
A  277* 

A  278* 
A  279* 


•SpodAlMCtlons. 


Digitized  by\jOOgl€ 


1180 


ANGLES  AKD  T  SHAPES. 


CAKHIBGIB  AJrClUB 

d         —  distanoe  between  center  of  graTity  and  back  of  flange  W 
•  =        "  "  ••       *'       "  "         "      •'        H 

I«  1      a.  momeot  of  iuertia;  I,  aboat  XY ;    i,  about  A  B 

X,  x=.  least  "section  modaloa";    X,   "       "       x,    "       ••    —  ^-^f 

B,  R'  =  radius  of  gyration ;  B,    <*       "       R%    '«       '■ 

r  =>  least  radius  of  gyration,  about  neutral  axis  forming  acute  angle  a 

with  each  flauge.    In  angles  wiih  equal  legs,  a  =>  4SP 

C         —  coefficient  for  uniforralj  distributed  safe  load :  ) 

Cg  for  static  loads ;  fibre  stress  =>  16,000  lbs.        >  For  T  shapes  only. 
C,^,  for  moving  loads ;  fibre  stress  =  12,000  Iba.  j 


Section 
index. 


Size 
H     W 
ins.  ins. 


Thlck- 
nesss 
ins. 


Weight 

per  ft 

lbs. 


Area  of 
section 
sq  ins. 


d 
ins. 


• 
ins. 


Anples  wltb  EqnAl 


A  113 
A  103 
A  86 
A  88 
•A   94 


*A 

A 

A 

A 

A 

A 

A 

•A    41 
•A   45 

A    46 

A  100 
•A  61 
•A  101 


17 
IS 
90 
26 
99 
84 
40 


A  102 


A 
A 
A 
A 

•A   81 

A  82 
A  83 
A    84 


2H  X  2H 

H^  ^  ?^« 
2\  X  2»4 

2?4  X  2^4 

2      X2* 

2X2 

l^i  X  IJ 

lilxi 


66.9 
26.4 
87.4 
14.8 
80.6 
12.3 
19.9 
8.2 
17.1 
7.1 
11.4 
4.9 
8.5 
4.5 
7.7 
8.1 
6.8 
2.8 
5.3 
2.5 
4.6 
2.1 
8.4 
1.2 
2.4 
1.0 
1.5 
0.8 
1.0 
0.7 
0.8 
0.6 


16.78 
7.75 
11.00 
4.36 
9.00 
8.6L 
6.84 
2.40 
5.03 
209 
8.36 
1.44 
2.50 
1.31 
2.25 
0.90 
200 
0.81 
1.56 
-0.72 
1.80 
0.62 
0.99 
0.36 
0.69 
0.30 
0.44 
0.24 
0.29 
0.21 
0.25 
0.17 


2.41 
2.19 
1.86 
1.64 
1.61 
1.89 
1.29 
1.12 
1.17 
0.99 
0.98 
0.84 
0.87 
0.78 
O.bi 
0  69 
0  74 
0.63 
0.66 
0.67 
0.59 
0.51 
0.51 
0.42 
0.42 
0.35 
0.84 
0.30 
0.29 
0.26 
0.26 
0.23 


97.97 
4&63 
85.46 
15.39 
19.64 
8.74 
S.14 
3.71 
5.25 
2.45 
2.62 
1.24 
1.67 
093 
1.23 
a55 
0.87 
0.39 
0.54 
0.28 
0.36 
0.18 
0.19 
0.08 
0.U9 
0i044 

aos7 

0.022 

aoi9 

0.014 
0.012 
0.009 


T60 

5X3 
4      X5 
4X3 

13.6 
15.6 
9.3 
11.7 
11.8 
8.5 
7.2 
4.9 
&1 

899 
4.56 
2.73 
3.45 
8.48 
2.49 
2.10 
1.44 
0.90 

0.75 
1.56 
0.78 
1.06 
1.32 
1.09 
0.97 
0.69 
a64 

2.6 
10.7 
2.0 
8.7 
5.2 
2.9 
18 
a66 
0.23 

66 

T57 

3.8 

T61 

2.1 

T   8 

]  89 

T72 

1J21 

T77 

098 

T82 

0.54 
0.88 
0.1S 

T12 

T16 

l^Xlg 



♦  Special  sections,    f  For  M  and  8  see  p.  1 174  or  p.  1176. 
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AM9  T  BBAPBIL-Ciraiiliiiied. 


-X----Y- 


■W- 


-X--.-Y- 


W- 


f 

I      H 


r-X--Y-|- 


'^ 


vr-, 


H 


--Y- 


Cm 


Section 
Index. 


liaximum  and  Minimum  Weis^ht  of  each  Section. 


17.68 

2.42 

2.50 
L80 
1.88 
1.48 
1.56 
1.18 
1.24 
1.02 
1.08 
0.88 
0.93 
0.82 
0.85 
0.74 
0.78 
0.66 
0.70 
0.69 
0.62 

1.55 
1.58 
1.16 
1.19 
0.96 
0.99 
0.77 
0.79 
0.67 
0.69 
0.57 
0.60 
0.52 
0.65 
0.47 
0.49 
0.43 
0.44 
0.39 
0.40 
0.38 
0.85 
0.29 
0.80 
0.23 
0.25 
0.19 
0.20 
0.18 
0.19 

a  16 

0.17 

A  118 

8.87 



A  103 

8  67 

A    86 

ZJSB 

..iMM-           .«.<»*... 



A    88 

580 

A   94* 

2.42 

A   17* 

8.01 

A    18 

1.29 



1 

A   90 

2.25 

..      ,                                     ^.       1 

1 
"                          1 

A    26 

098 

A   99 

1.80 

A   84 

0.58 

A    40 

0.89 

A    41* 

048 

1 

A    45* 

0.73 

.                 1          

A    46 

0.80 
0.58 
0.24 

-.. 

- 

A  100 
A   51* 
A  101* 

0.40 

*; 1  .  ...*   . . 

A   56 

0  19 

' 

A    60 

030 

' 

0.51 
a54 

A   61 

0.14 

1 

A    65 

0.19 

.!...!'..*.!.". 

0.44 
0.46 
0.36 
0.38 

j 

A    66 

0  070 

1 

A  102 

0.109 

1 

A    70 

0.049 

1 

A   78 

0056 

0.29 
0.31 

1 

A   78 

0.031 

A    80 

0.033 

0.26 
0.26 
0.22 
0.23 

..•.••••.......... 

,,,„, 

A    81* 

0.023 

A    82* 

0024 

A   83 

aoi7 

. 

A   84 

' 

Belected  Sections. 

1.18 

2.22 
1.41 
1.05 
1.08 
0.81 
0.62 
0.43 
0.80 
0.14 

0.82 
1.54 
0.86 
1.04 
1.23 
1.09 
0.92 
0.68 
0.51 

1.19 
0.79 
0.88 
0.74 
0.59 
0.61 
0.51 
0.48 
0.87 

12.550 
83,070 
9,430 
16,210 
20,650 
12.910 
9,280 
4.480 
2,050 

9,410 

24,800 

7,070 

12,160 

15,480 

9,680 

6,960 

8,860 

1,540 

T50 

810 

T67 

0.88 

T61 

162 

T   8 

1.94 
1  21 



T72 
T77 

087 

T82 

0.42 

T12 

ai9 

Tie 

*  Special  sections. 
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SBPARATOB8  FOB  I  BEAMS. 


CARMEQIE  STANDABB  CAST  IBOH  SEPABATOB8  F#B 
I  BEAJIB. 


t  0^ 


Separators  for  18'^  2(K'  and  W  beamB  are  made  of  ^'  metaL 
'*  «    0"  to  19^  beama  are  made  of  yq*  metal. 

"  "    y  beams  aad  ander  are  made  of  ^'  metaL 


Designation 
OF  Beam. 

Distances. 

BoLTa 

Weights. 

> 

^ 

4 

u 

r 

1 

i 

i§ 

|2 

1 
1 

1 

M 

II' 

1    " 

Ins. 

Lbs. 

Ins. 

Ins. 

In. 

Ins. 

Ins. 

Lbs. 

Lbs. 

Lbs 

Um^ 

Sepamtors  wUli  Two  Bolte. 


B  1 
B  2 
B  8 
B80 
B  4 
B  5 
B  7 
B  8 
B    9 


24 
20 
20 
18 
15 
15 
15 
,12 
12 


80. 
80. 
65. 
55. 
80. 
60. 
42. 
4a 
31.5 


8.41 
8.41 
8.23 
8.16 
8.36 
3.28 
2.98 
2.98 
2.92 


.250 


82. 

5.50 

2& 

&10 

25. 

3.10 

16L 

2.75 

151. 

L75 

15. 

1.75 

15w 

1.75 

U. 

1^ 

11. 

1.50 

Sep«r»tom  with  One  Bolt. 


B  8 
B  9 
Bll 
B18 
B  15 

B17 
B  19 
B  21 
B  28 
B77 


40.0 
81.5 
25.0 
21.0 
18.0 

16.0 
12.25 
9.75 
7.50 
5.60 


6 

1« 


1.49 
1.46 
1.40 
L84 
1.28 

1.25 
1.22 
1.16 
1.18 
0.70 


.125 


.00 


1.50 
1.50 
1.25 
1.20 
1.00 

.75 
.69 
.50 
.40 
.25 


Z-BAR  COLUMNS. 
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CARNEGIE  STEEIi  B-BAB  COIiVMNS. 

Table  of  dimeniilons.  In  inches. 


Diameter  of  bolt  or 
riret «-  ^  inch. 


For  area  of  section, 

weight  per  yard,  least 

radius  of  gyration  and 

A      safe  load,  see  Ubles,  pp. 

1184  aud  1185. 
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Z-BAR  COLUMNS. 


CARNEOIE  STEEI<  X-BAR  COI^UMNS. 

Table  of  Safe  IAmmU  as  glTen  by  CarDogie  Steel  Co.,  for  columns  with 

Snare  ends.    Safety  factor  —  4.    The  loads  gt?ea  are  based  upon  the  foUoviag 
lowed  stresses  in  pounds  per  square  lucfi : 
For  lengths  of  90  radii  or  lees,  12,000. 
"       "        OTer  90  radii,         17,100  —  57—. 

Each  Z-bar  column  is  made  up  of  four  Z-bars  and  one  web-plate  (all  of  uni- 
form thickness)  bolted  or  riveted  together,  as  shown  in  the  figure  on  page  1181 

6-lneli  Steel  Z-bar  Columns. 

Composed  of  four  Z-bars  about  3  Inches  deep  and  one  web-plate  5^  inches  wide 


Thickness  of  metal, ) 
inch.         / 

i 

A 

f 

A 

i 

A 

Area  of  section,  sq. ) 
ins.          j 

9.31 

11.7 

18.6 

16.0 

17.6 

20.0 

Weight  per  yard,) 
pounds.       j 

95.1 

119.4 

188.6 

162.9 

179.7 

^. 

Least  rad  of  gyr,  ) 
inches.       j 

1.86 

1.90 

1.88 

1.93 

1.90 

1.95 

Length  of  column. 
Feet. 

Safe  load  of  column,  in  pounds. 

12  or  less. 
14 
16 
18 
20 
22 
24 
26 
28 
30 

111800 
111400 
104600 
97600 
90800 
84000 
77200 
70400 
63400 
56600 

140600 
140600 
133000 
124600 
1162U0 
107800 
9940O 
910<»0 
82600 
7420O 

163200 
163200 
153200 
143400 
183400 
123600 
113800 
I0S800 
94000 
84000 

191600 
191600 
182600 
171200 
159800 
148600 
137200 
126000 
114600 
10:^400 

211400 
211400 
199800 
18?20d 
174400 
161800 
149200 
136400 
1238(10 
lUOOO 

239600 
239600 
229600 
215600 
201600 
187600 
173600 
lS9tiU0 
145600 
131600 

8-lncli  Z-bar  Colnmns. 

Composed  of  four  Z-bars  about  4  inches  deep  and  one  web-plate  S]4  inches  wida 

Thickness  of  meUl.X 

inch. j 

ireaof  section,  sq.) 

Ins.  J 


Veight  per   yard,) 
pounds. / 


Least  rad  of  gyr,) 
inches^ / 


11.3 


114.9 


14.1 


144.3 


2.47     2.52     2.57 


17.1 


174.0 


19.0 


194.1 


21.9 


221.1 


24.8 


252.8 


267.6 


2.49      2J55      2.60     2.52      2.58      2.63 


ii 


29.0 


296.4 


31J 


325.2 


Length  of  column. 
Feet. 


Safe  load  of  oolumn,  in  pounds. 


18  or  leas. 
20 
22 
24 
26 
28 
80 
82 
84 
86 
88 
40 


185000 
130000 
123800 
117600 
111400 
105200 
98800 


160600  204800228400 


165000 
157400 


201000 


221000 
191800210600 
200200 


149600  182600 
142000 173600'l89600 
134200  164600  179200 
126600 155400 168800 
92600;i  19000  146400  158400 
86400|lll200  137400  148000 
80200,103600 128200  137400 
74000  96000ln9200l  127000 
678001  88200!l  10000  116600 


382400 
342600  379290 
827000.362600 


262400  297000|31SO0O  848600 
256400  292800306600 
244800  279800292400 
288000  266800  278200  311600 
221200  253800  264000  296300 
209400240600249600280800  812800 
227600 


139000162600 
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CABNEOIE  STEEIi  Z-BAB  COI<l7Mm. 
Table  of  Safe  I^oads  (oonlinued). 

lO-lncli  Steel  Z-1»ar  Columns. 

Composed  of  four  Z-bara  about  5  Inches  deep  and  one  web-plate  7  inches  wide. 


Thickness  of  metal, ) 
inch.         ; 

15.8 

i 

A 

i 

A 

* 

H 

i 

H 

Area  of  sect  Ion,  sq.) 
ins.          ) 

19.0 

22.3 

24.5 

27.7 

30.9 

82.7 

85.8 

39.0 

Weight  per  yard,) 
pounds.       ) 

161.1 

194.1 

227.4 

249.9 

282.6 

316.6 

830.0 

368.4 

397.8 

Least  red  of  gyr,  ) 
inches.       ) 

3.08 

3.13 

3.18|  3.10 

S.15 

3.21 

3.13 

3.18 

.  3.25 

Length  of  column. 
Feet 

Safe  load  of  column,  in  pounds. 

22  or  lees. 
24 
26 
28 
80 
82 
84 
86 
88 
40 
42 
44 
46 
48 
50 

189400j228400 

1786001217200 
171600208800 
16460U  200400 
157600192200 
150600 18.S800 
143600;  176600 
136600167200 
129600158800 
122600 150600 
115400142200 
108400-134000, 
lOUOO  125600 
94400  !17200l 

267800 
266200 
256600 
247000 
237400 
227600 
218200 
208600 
199000 
189400 
179800 
170200 
160600 
151000 
141400 

294000,332400  371200392000  429800 

278400  317400  367400  873000  412400 
2B7600  3a5400  344200  858600  397000 
256800,293400  a31 000  344400  381600 
246000  281400  317800  330UOO  366200 
235200  269400  304600  316800  350800 
224400  257400  291400,801400  835600 
218600  245400  278200,287200,320000 
202800  233400,265000|273000  304600 
192000 221200251800  258800  289200 
181200  209200!238600;244400  273800 

159600  185200:212200  215800  243000 
148800'173200|  199000  201600  227600 

468000 
468000 
4532C0 
436800 
420400 
404000 
887600 
371200 
354800 
338200 
321800 
305400 
289000 
272600 
256200 

12-ineh  Steel  Z-bar  Columns. 

Composed  of  four  Z-bars  about  Q  inches  deep  and  one  web-plate  8  inches  wide. 


Th  ick  ness  of  metal, 

inch. 

A reaof  section,  sq. 

ins^ 


Least  rad  of  gyr,) 
inches. / 


r 


25.0 


255.6 


8.72 


28.8 


293.4 


3.77 


A 


81.2 


818.6 


3.70 


84.8 


855.5 


H 


38.5 


892.7 


40.5 


413.4 


3.68 


H 


44.1 


449.7 


8.66 


47.7 


486.8 


8.64 


( 


Length  of  colamn. 
Feet. 


26  or  less. 
28 
80 
82 
84 
86 
88 
40 
42 
44 
46 
48 
50 


Safe  load  of  column,  in  pounds. 


256600  300600  345200l»74r>00|418200  4620()0:486000'529000  572200 
254000  299400  345000,372000;4 1 7800  460600  481600  522800'564200 
246000  290200  :»o200l86()400  40r)000  446600  466400  50<MOOl546400 
238000281000  324800  849000 392200 43J600 451400 490000 528400 
280200,271800  314400-837400  379600:4 J  8400  436400  478400  510400 
222200  262600|304000I325800  36680o'4O4200  4212001456800  492600 
214200,25.3400!293600|314200  354O00  390200  406200'440400  474600 
206200  244200  288000|302800,:U14(>0 376000 391 200423800 456600 
198200,235000  2726001291000:328800  361800  37600O;4O7400  438800 
190200  225800  262200  279600316000347800,361000,391000420800 
182400  216600  2o2400i268000303200J3:^n00  345800|374400'402800 
174400  207200  241400  256400  29(i600  3196001330800  358000  884800 
166400  198200  231000  244800  277800l305400i315800|341400|367000 


For  l4MMls  irreater  than  those  Klven  in  the  tables,  the  Z-bar 
oolnrons  may  be  re-enforced  by  additfonalplates,  riveted  to  the  flnngos.  The 
addition  of  such  plates»  does  not  in  sny  case  diminish  the  least  radin  uf  gyra* 
tion.    Hence  the  same  load  /^/  jc/uarr  inch  of  croM-ttection.  may  be  used. 
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PHCENIX   COLUMN& 


-raOile  •£  volled-li^n  aesMenf-eoliiiBBS   of  Oie 
Iron  Go,  410  Walnat  St,  Philada. 


IS  uvea 


The  dlHiea 

mn  saljeet  to  alight  Tuistioiu  whksta  ars  < 
in  rolling  iron  ahapet.  TIm  wei^ta  oroolamns  giTea 
•n  thoM  of  the  4,  6,  or  8  segments,  of  which  tkej  asv 
oumposed.  The  sAimJ*  of  the  rivets  vtsed  in  jolniac  thca 
together,  of  course,  merely  nuJce  np  the  qoautiU  of  aietsl 
punched  or  drilled  out,  in  making  the  holts ;  bat  tbc  il>a> 
h«ad$  add  from  2  to  5  per  cent  to  the  weights  giwa.  Ike 
rl¥eta  are  spoood  S,  4,  or  6  ins  apart  frooi  csa  la 
cen. 

Any  desired  tbleknefls  between  the  mfnisNia 

and  maximum  for  any  given  sise,  can  be  Itarsished. 
We  give  the  dimensions,  weights,  Ac,  eorteawsdtng  It 
the  principal  thicknesses.  G  columns  have  8  aesmeni^ 
E,  6  segments.    All  oiiiers,  4  aegmeuts. 


i     111  Amete  r%  loa^ 


1'^ 


s^ 


m 


HI 


7A 


^*% 


Qua  eulQiBiL, 


cq  inji. 


4J3 
(S.B 

e.4 

12. 

lA 
!©.« 
13  J 
17, 

la 

IS. 
25.2 
83.2 
41^ 

2)&A 
3T.S 
49.» 
01J 
24. 

AS> 
68, 


W 1  iwr 

f^  rut], 
Ibe. 


110 
l(t. 

19^ 

S1^ 

«0.« 

4f»^ 

21  e 

40. 

6e.6 

S3v3 

IIO.K 

B«. 
190. 


I^SAl 

rail  #>f 


!,4£ 
IJM) 
1.55 
IJB 
1.03 
203 
*.ll 
230 

2:4a 
SUt 
ILOl 

2^M 

3v34 

4.1*1 

4.a« 

4/<ft 
4.73 
4.VI 
fi.46 
&..•» 

fin 


aptfx^ 


Digitized  by  CiOOg  IC 


THE  GBAY  OOLTIiar. 


1187 


THE  OBAT  €}Ol4jmS* 

»  Graar  Oolanm,  designed  and  patented  bj  Mr.  J.  H.  Grar,  ooiiai8t& 
in  its  original  form,  of  angles,  connected  at  intervals  D  (generallj  of  2  ft  6  ins) 
bj  transrerse  bent  Uo-plates  T,  nsaally  9  X  ^  ins.  This  construction  renders 
the  parts  of  the  column  easily  accessible,  for  painting,  etc,  but  under  trans- 
Terse  or  buckling  stresses  the  column  must  act  somewhat  like  a  rectangular 
frame  without  diagonals.  To  remedy  this,  a  later  form,  the  "twelve-angle" 
column,  Fig  5,  has  oeen  designed,  havins,  in  the  square  column,  Figs  1  and  2, 
instead  of  the  bent  tie-plates  T,  four  additional  angles,  running  longitudinally 
like  the  others,  and  placed  centrally,  as  shown.  These  angles  supply  the  column 
with  two  webs,  intersecting  at  right  angles. 

Figs  1  and  2  show  the  square  column,  used  in  the  Interior  of  buildings.  It  is 
need  chiefly  in  the  14, 19,  and  16  inch  sizes.  Fig  2  shows  plates  riveted  to  the 
ociter  flanges,  as  is  done  in  some  of  the  heaviest  columns.  Fiffs  8  and  4  show  the 
wall  and  corner  columns  respectively.  Fig  5  shows  the  **  twelve-angle "  column, 
and  fig  6  one  of  many  forms  of  fireproonng,  with  plaster  laid  on  terra  cotta 
Mocks.    The  rivets  are  usually  %  inch  in  diameter. 

The  safe  load,  in  pounds  per  sq  inch,  of  the  ordinary  column,  Is  stated  ai 

17,100  —  07  -,  where  L  —  length  of  column  and  r  ^i  its  least  rad  of  gyration. 

The  cost  of  the  Gray  column,  at  shop,  is  from  1  to  IJS  cents  per  Jb  plas  the 
MMtof  the  angles. 


( 


FifT.  «. 


ns.4L 


80 
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THE  GBAY  GOLUMlsr. 


Gnijr  Oolamii.    Usi  of  Selected  Slaea. 


Angles 
ins. 


r 

Area 

I 

Leaat 

r« 

Mom 

of  gyr. 

sqin. 

of  in. 

ins. 

S«fe  loads  •for 

culumn  lengtitf 

of 


12  ft.       80  ft. 


Square  Oolmmui.    Fios.  1  and  2. 


8.48 

64 

2.7 

7.8 

115 

18.00 

119 

2.6 

6.8 

250 

9.52 

95 

8.1 

9.6 

135 

20.00 

179 

8.0 

9.0 

285 

16.88 

241 

3.8 

14.4 

250 

S0.00 

327 

8.3 

10.9 

435 

16.88 

285 

4.1 

16.8 

255 

43.52 

552 

8.6 

13.0 

645 

16.88 

336 

4.5 

20.2 

255 

29.36 

526 

4.3 

18.5 

445 

26.00 

444 

4.2 

17.6 

390 

30.00 

463 

4.0 

16.0 

450 

31.92 

697 

4.4 

19.4 

485 

39.36 

624 

4.0 

16.0 

590 

36.00 

526 

3.8 

14.4 

535 

22.00 

496 

4.8 

23.0 

835 

31.92 

693 

4.7 

22.1 

490 

39.86 

731 

4.4 

19.4 

600 

30.00 

653 

4.7 

22.1 

440 

41.84 

817 

4.4 

19.4 

635 

46.88 

828 

4.2 

17.6 

710 

22.00 

670 

5.1 

26.0 

840 

36.88 

912 

5.0 

25.0 

670 

55.62 

1184 

4.6 

21.2 

850 

22.00 

746 

5.8 

33.6 

345 

36.88 

1182 

5.7 

82.6 

575 

46.88 

1465 

5.6 

31.4 

730 

86.88 

1485 

6.4 

41.0 

580 

67.82 

2588 

6.2 

88.4 

1066 

41.80 

4147 

9.9 

98.0 

680 

264.40 

22688 

9.2 

84.6 

4286 

165 
100 
205 
195 
325 
206 
405 
210 
360 
815 
S55 
395 
470 
430 
280 
405 
490 
880 
520 
670 


700 
800 
495 
630 
610 
930 


Wall  Colmmis.    Fia  8. 


8     X4     X   *>^ 
3     X3)iX 


SJ^X6 
8HX4 


X6 

X3 

X6 

X4 

X5 

X4        .    _ 

X«     Xlt 


X    U 
X    9s 


14.88 

94 

2.5 

6.2 

205 

18.00 

160 

8.0 

9.0 

255 

29.52 

241 

2.9 

8.4 

420 

21.00 

217 

8.8 

10.9 

805 

81.38 

817 

8.2 

10.2 

455 

16.60 

200 

8.5 

12.2 

240 

35.16 

875 

8.8 

10.9 

610 

27.66 

434 

4.0 

16.0 

415 

31.38 

562 

4.2 

17.6 

476 

31.88 

1408 

6.8 

46.2 

495 

198.30 

8937 

6.7 

44.9 

8160 

130 
186 
296 
»5 
836 
185 
880 
830 
880 
440 
2786 


Comer  Colomns.    Fia  4. 

18 

14  ; 

8KX3J^X    ii 
8>iX8>4X    K 

4     X5     X    H 

23.48 
15.75 

24.91 

272 
288 

425 

8.4 
4.8 

4.2 

11.6 
18.5 

17.6 

345 
240 

876 

260 
196 

906 

•  In  thousands  of  lbs,  hj  formula:    Safe  load  —  17100  —  67-iiiftsp«iqin. 
tlHr^i  l-to  plate,  riratod  to  eaoh  pair  of  angles.  ,g^^|^^'oOgle 
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Fov  eolmnmi  in  general,  aee  pp  495.  etc. 
For  wooden  eolamns,  see  pp  1143,  eta 

Iitftt  of  Beferenees. 

(1)  Steel  in  ConstnictioQ,  Pencoyd  Iron  Worka,  12th  Ed,  1900. 

(2)  Cambria  Steel  Co.  Handbook.  1907. 

(3)  Carnegie  Steel  Co,  Pocket  Companion.  1903. 

(4)  Phoemx  Iron  Co,  Hand  Book,  1906. 

(5)  Bethlehem  Steel  Co.  Structural  Steel,  1907. 

(6)  Paasaic  Steel  Co,  Manual,  1903. 

(7)  Acts  and  Resolves  of  the  Maasachuaettfi  Legislature,  1907. 

(8)  Trans  Am  Soc  C  E,  Vol  15.  p  630,  July  1886. 

(9)  Trans  Am  Soc  C  E,  Vol  20.  p  258.  June  1889. 

(10)  Trans  Am  Soc  C  E,  Vol  54,  June  1905. 

(11)  New  York  Building  Code,  Approved  Oct  24,  1899,  with  amendments 

to  April  12,  1906. 

(12)  Eng  Kfews,  Jan  13,  1898.  pp  27.  etc. 

(13)  Eng  News.  June  30.  1898.  p  424. 

(14)  Modern     Framed    Structures,    by    J.  B.  Johnson.  New    York,  John 

Wiley  ft  Sons.  1893. 

(15)  City  of  New  York.     Department  of  Bridges,  Specifications  for  the 

Design  of  Municioal  Bridges,  1907. 

(16)  Mitteilungen  der  Materiaiprilfungsanstalt  am  schweiserischen  Poly- 

technikum  in  ZQrieh,  Heft  VIII,  1896. 

(17)  "Tests  of  Metals  etc,"  Watertown  Arsenal.      Year  ending  June  30. 

1888. 

(18)  "Tests  of  Metab  etc,"  Watertown  Arsenal.     Years  ending  June  30, 

1886,  1890,  1894. 
!•  For  economy  of  material,  iron  and  steel  columns  are  almost  invariably 
hollow.    Cast  iron  ec^umns  are  usually  round  or  rectangular;  while  struc- 
tural steel  columns  are  usually  of  some  special  or  built-up  shape,  see  Figs 
1  to  12andppll86»  1187. 

+  iTirHH 
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7  S  O  !•  11  IS 

Fifrs.  1  to  12. 

SS.  Owing  to  displacement  of  the  core,  in  casting,  CAat  iron  eolnmn* 
are  apt  to  be  much  thinner  on  one  side  than  on  the  other.  They  are  liable 
to  initial  etrcnseo,  due  to  uneaual  contraction  in  cooling,  and  are  objectionable 
also  on  account  of  the  brittleness  and  relative  unrehability  of  the  material 
and  its  low  tensile  strength.  When  the  metal,  for  very  long  columns,  is 
poured  at  both  ends  of  the  mold,  it  may  become  so  chilled  that  the  two 
portions  do  not  unite  perfectly  at  the  center.  A  weak  place  is  thus  left 
lUst  where  the  max  bending  moment  occurs.  Entrained  air  produces  blow- 
holes and  honeycomb;  and  impurities,  collecting  at  the  bottom  of  the  mold, 
weaken  the  easting.    See  also  ^14. 

See  Columns  in  General,  Klf  9,  10, 13,  and  35  to  43,  pp  495,  etc.,  498  c  etc 
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8.  ATOid  deeigna  which,  like  those  shown  at  g  and  at  a  a^  Fim  13.  brinf 
part  of  the  wall  of  the  column  out  from  the  line  of  pros,  induoinc  bffMdlMg 
Jin  the  metal. 


'if'""" 


^. 


FliT-  IS. 

4.  Use  preferably  a  simpler  form,  as  at  b,  or  a  straii^t  ool,  o  ed,  to  which 
any  such  ornaments,  as  at  o,  may  be  attached. 

5.  Figs  1  to  12  show  «M»innion  forms  of  eolmniis  built  up  of  steel 
angles,  plates,  channels,  and  Z-bars.  **  Closed  **  s««tiOM8.  Figs  4  to  7, 
cannot  be  repainted  internally.  They  are  therefore  suitalHe  only  for  dry 
situations  where  temp  changes  are  slight.  In  Figs  8, 10,  11,  12,  the  flaogea 
should  be  placed  far  enough  i^art  to  permit  machine-riveting. 

6.  Figs  14  to  17,  from  "  Cambria  Steel ''  show  details  of  eonnectiowi 
between  one  column  and  another  and  between  colunms  and  beams,  as 
markt.  figs  18  to  20,  from  "  Cambria  Steel,''  show  arrangement  for  bases 
of  columns,  as  markt. 

7.  It  Is  enstomary  to  provide  tbat  K,  —  I^/r,  sball  itot 
exceed  abont  12<1;  but.  in  light  structures,  K  sometmiee  greatly  ex- 
ceeds this  limit.  Thus,  in  eleven  transmission  towers,  K  ranced  from  111 
to  300.  Where  it  reached  300,  the  member  consisted  of  1  anj^e,  2  X  2  X 
"i  inch,  L  =»  120  ins ;   r  —  0.4  inch.     (R.  D.  Coombs,  Am  Soc  Civ  Engrs, 

rans,  Vol  61,  Dec  1908,  p  202.) 

8.  In  eolamns  composed  of  two  cbannels,  latticed.  Fig  11. 

the  channels  are  usually  placed  so  far  l^>art  that  the  tendency  of  the  column 
will  be  to  deflect  in  the  plane  of  the  webs,  i.  e.,  so  that  the  least  radius  of 
gyration  of  the  column  is  the  greatest  radius  of  gyration  of  the  single  channel. 
For  proper  distances  between  channels,  to  secure  this  result,  see  pp  1175  and 
1177. 

9.  Ani^le  sections  being  unsymmetrical,  the  load  is  usually  more  or 
less  eccentric.  Hence  the  allowable  stress,  for  angle  columns,  should  be  less 
than  that  for  symmetrical  sections. 

10.  Rivets  are  nsnaliy  spaced  >  3  inches,  center  to  center,  near 
the  ends  of  columns,  for  a  distance  equal  to  twice  the  widUi  of  the  coltmin. 
Distance  between  centers  of  rivets,  in  line  of  stress,  >  16  times  least  thick- 
ness of  metal  of  the  parts  joined.  Distance  between  rivets,  perp  to  line  of 
stress,  >  32  times  thickness  of  metal. 

11.  lattice  bars,  batten  plates  and  connections,  weicb,  to- 
gether, 30  %  or  more  of  the  weights  of  heavy  columns,  and  50  or  60  %  of  the 
weights  of  the  lightest  columns. 

12.  In  buUding  construction,  columns  may  be  considered  as 
square-ended.     Usual  Aactor  of  safiety  —  4.    See  ^1  14  and  18. 

13.  Columns  of  angles  or  I-beams  are  usuaJly  of  soft  steel:  those  of 
plates  and  angles,  channels,  plates  or  Z-bars  are  usually  calculated  as  for 
medium  steel. 

14.  Cast  iron  columns  do  not  permit  as  rigid  connections,  to  other 
columns  or  to  beams,  as  do  rolled  steel  and  riveteocolttmns.  They  dKnild 
not  be  used,  in  buildings,  with  a  safety  factor  less  than  8.     See  also  f  H  2l 
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Z-bar  ool  with  beam 

oonnectm. 
A,  A\  aide  eleyatna; 
A'\  hor  aec  thru  ool. 


Flff.  19. 

Splice  betw  2  Z-bar  oola  of 

diff  sisee. 
B.  B',  side  elevatna  ; 
B"y  hor  sec  thru  ool. 


FUr.  16. 

Plate   &   chan   ool 

with  beam  con- 

nectns. 
C.  C.   side  eleva- 

tns; 
C".    hor  sec    thru 

ool. 
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FiK.  17. 

Splice  betw  2  plate  &  chan 

cols  of  diff  sizes. 
D.D',  side  elevatns ; 
D'\  hor  sec  thru  splices. 
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Elevation  e-d 
IS 


Elevation  g-h 


s 

J 

Section  a-b 

Fir.  19-  v^ir-  !•• 

Cast  iron  base  for  plate  <Sc  chan  col.        Steel  base  for  plate  A  chan  ooL 


'  o  o  6  o  o  d   b 

i 

^ 

o  o  c>  o  o  o  o 

,^JLJ^^.9.9..9^ 

J3's"9Js.9Vp 

O  Q  0  o  6  a   o 

1'      -|l 

li 

Fl|r.  20« 

Bobter,  of  beams,  ohannels  A  plates,  for  Z-bar  ooluma. 


Of  hor  sec  thru  ool ;        0\  aide  eievato  : 


?y'VWbg4l0^«»- 


ji«r  €' - 

tlie  rivet  holes  in  riveted  eteel  ooIumnB,  the  solid  H 
eolamn,  rolled  in  the  Grey  universal  mill,  and  shown  in 
croas  section  in  Fig  21,  is  employed. 
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Fif.  81. 


!••  Let  loads  and  stresses  be  in  pounds,  dimensions  in  inches;  let 

P  *  »  the  total  load  (supposed  to  be  axial)  on  the  column; 

a  —   the  area  of  cross  section  of  the  column; 

p*  «  P/a   «   the  average  unit  load  on  the  column; 

a  *  «  the  maximum  existing  unit  stress  in  any  cross  section; 

•«  »   the  unit  stress  at  the  elastic  limit; 

•a  ""  the  maximum  unit  stress  in  a  short  column; 

r  —  the  least  radius  of  prration  of  the  cross  section; 

D  —  the  least  external  diameter,  or  least  external  dimension,  of  the 

cross  section; 

L  «  the  length  of  the  column; 

K  —  L/r  —  the  length  ratio,  or  slenderness,  of  ool,  in  terms  of  r ; 

k  »  L/D  «  the  length  ratio,  or  slenderness,  of  col,  in  terma  of  D ; 

m  "a  coefficient  in  the  Rankine  formula; 

e  »  a  coefficient  in  the  straight-line  formula; 

F  —  safety  factor. 

17.  We  then  have 

BaalKine  formula,  (Columns  in  general,  HI  21-27,  pp  407-8): 

^'Pf^"  i+'mK^'^  .  -  P  (1  +  m  /P). 

T.  K.  JTolmsoii's  straiiflit-line  formiila,  (Columns  in  general 
n29.p498): 

p  -  P/a  -  »t  —  cK. 

IS.   Safety  flietors«  F,  proposed  by  Mr.  James  Christie  (1),  p  157,  for 
Btnictural  steel  columns : 

For  flat  and  fixed  ends,  F  -  3  +  0.010  K  . 

For  hinged  and  round  ends,  i^  -  3  +  0.016  K.  / 

See  HH  12  and  14.  i 

*  Under  any  given  conditions,  P  and  p  are  the  total  load  and  the  avge  unit  v 

load,  respectively,   corresponding  to  the  extreme   fiber  stress,  s,  existing  ^ 

under  those  same  conditions.     Thus,  P,  p  and  •  may  be  those  corresponding 
to  ultimate  or  safe  or  any  other  loading. 
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19.  Below  are  given  tables  of  valoieB  oonunonly  vaed  iaeooDMb 
tion  with  various  formalMi  for  steel  and  iron  ooliimna  under  stalk  sxial 
loaciing.    See  Columns  in  General,  pp  495  etc: 

RANKIHE   FORMVUk. 

P  •  1 


l  +  mJi['  I  ^  ^  i  l'\* 


-(#)■ 


-# 


iS:  -  L/r 


As  in  1  16  : 
p    —  mean  unit  load  on  ool ;       m  —  a  ooefBdent ; 
■     —  maximum  unit  strees  in  cross  section  ; 
K  —  L/r  —  unsupported  length  -r-  least  radius  of  gyratioa. 

See  diagram  of  values  of  -^  -  1   +  m  X«  *  ^  ^'  ^  ^^^ 
Talaes  of  •  sad  of  l/m  for  steel  and  Iron  eolnaun. 

For  list  of  references,  see  p  1188. 
TS  —  ultimate  tensile  strength ;    S^  —   elastio  limit ;   YP  —   yi«U 
point,  all  in  thousands  of  pounds  per  square  inch. 

STEEI.  ANB  WROVOHT   IRON. 

For  Bnlldlnffs,  Vltlniate  loads. 

Cambria  Steel  Co..  soft  and  medium  steel ;  (2)  pp  104-7. 
Carnegie  Steel  Co.  (3)  pp  143-4,  and  Phoenix  Iron  Co.  (4)  p  88. 
Safety  factors;  dead  load.  F  -  4; 

Uve  load.  F  -  6.  s  !/• 

Steel.  Soft  Medium  _ 

Knends 45.000  50.000  18.000 

One  pin  end - -..  45,000  50.000  24.000 

Square  ends 45.000  50.000  36.000 

Passaic  Steel  Co..  wronclit  iron;  (6)  p  15a 

Pin  ends 40.000    20,000 

Square  ends 40,000    30.000 

PTxed  ends «.  40.000    40.000 

For  Bnlldlngs,  Permissible  loads. 

Boston  buUding  code.*  (7)  p  415         Steel 16.000    30.000 

WrooiTltt  iron        12.000    20.000 

Bridie  S|»eelllcations,  Permissible  loads. 

Osborn  Engineering  Co.,  1903-4  * ' . 

TS  St  YP  Steam  Electric  H'way 
WronsrUt  iron ;  48  —  25  13.000  15.000  18.000 
Soft  steel;  52-62      32       .—        15.000    17.000    20.000 

Medinm  steel;  60-70     35        —        17.000    19.000    22.000 

Both  pin  ends 18,000 

One  square  end  24.000 

Both  square  ends ^.  36,000 

*  The  Boston  code  uses  the  Rankine  f<nmula  for  steel  and  wroo^t  iron 
columns;  J.  R.  Worcester's  method  for  wood;  and  (apparently;  T.  E 
Johnson's  straight-hne  formuU  for  «ast  iron.  ^^^.^.^^^  by  L^OOglC 
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Stmctand  Steel.  ■        I  /  m 

Phila  A  Reading  R  R,  1906;        7*5  -  60; 15,000     13.500 

Pennsylvania  R  R,  revised  to  Jan  1,  1907; 

Soft;     r5  -  52  to  62:    5.  -  28 16,000     13,600 

Erie  Railroad.  1900;  revued  to  June  1.  1905; 

Soft;    rS  -  66  to  64;    5.  -  0.58  7*5  , 

Both  ends  hinged ;  )                            /            min  ntrem  \  f  18,000 

OnecndfixedT         l                 8000(1   +  -B'.?."!??!! )  J    24  000 

Both  ends  fixed ;     j                           V           max  stress  /  |  35,000 

■  l/m 

New  York  Oentral  R  R,  1904;  Dead      Live 

75  -  56  to  64;     5,  -  33 16,000    8.000     18.000 

Del  Lacka  &  W  R  R.  Nov,  1903; 
Soft;     TS  -  54  to  62;  5.  -  0.5  7*5; 

Two  pin  ends 12,500    8.500     18.000 

One  or  both  ends  fixed 12,600    8,600    24,000 

New  Yorit  aty;  Henry  B.  Seaman, 
Consulting  Engineer,  1907,  Highway  bridges 

Wronclie  from  , 16,000    8.000      8.000 

Medtam  steel   20,000  10.000      8.000 

BTlekel  steel 30,000  15,000      8,000 

Prof.  Mansfield  Merriman  believes  that,  for  steel 
eolumns.  best  values  for  l/m  are  about  as  follows: 

Round  ends. ~  6.000 

Pin  ends 8,000 

Square  ends - 18,000 

Fixed  ends 24.000 

CAST  IRON. 

For  Baildinini,  Vlttmate  loads. 

Cambria  Steel  Co  (2)  p  284;  i?  -  8:  .'. 80,000  8.000* 

Carnegie  Steei  Co  (3)  p  148;  Pin  ends 80,000  4.000* 

Passaic  Steel  Co    (6)  p  206;  One  pin  end 80,000  5.500* 

Square  ends 80.000  8.000* 

For  Baildlngs,  Permissible  loads. 

Chicago  building  code  (6)  p  119; 10,000  6.000* 

*The  Cambria.  Carnejsie,  Pa<9saic  and  Chicago  formulas,  for  cast  iron 
oolumns,  use  k  —  L/D,  instead  of  /C  —  L/r.  The  values  of  l/m.  above 
Kiven.  are  approximate  equivalents  for  the  published  ooeflScients.  The 
ratio,  between  the  two  coeffs,  varies  with  the  thickness  of  the  column 
See  pp  353  a,  3536. 
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Hinsedends 

Roandendf 

c        K^ 

c   A/» 

157   178 

203   i:tS 

220   159 

284   123 

414   129 

534   100 

537   99 

093   77 
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T.  H.  JOHNSOH'S  STRAIGHT-IilME  FORMITI.A. 

p  -  P/o  -  «,-cJ«:;       K  -^  L/r  "   'jLZJ?, 

p    —  mean  unit  load  on  column ;      e  —  a  coefficient ; 

Mm   "  maximum  unit  stress  in  a  short  oolumn  ; 

K  ««  L/r  —  unsupported  length  -s-  least  radius  of  gyratioii. 

Values  of  u^  sad  of  e,  for  steel  and  iron  eolanuBS. 
mtimate  loads. 

Flat  ends 
T.  H.  Johnson  (8)  ««  c    Kt* 

Wrought  iron  : 42.000     128   218 

Mild  steel ;  carbon  -  0.12%  52,500  179  195 
Hard  steel ;  carbon  -  0.36%  80.000  337  158 
Cast  iron 80,000    438   122 

Stmetaral  Steel 
For  Bmidinl^  Vltlmate  loads 

Passaic  Steel  Co  (6)  pp  149.  154                          '  Fixed  Square  Pin 

K,  50  to  150,  F  -  4  ends  ends  ends 

Soft  (angles  and  beams) 54,000  185         200  223 

Medium  (Z-bars,  channels,  plates)  60,000  210        230  2G0 

For  Bnlldlnini,  Permissible  loads. 

New  York  buUding  code,  (11^  Sec  138 ; 15,200         5S 

Chicago  building  code.  (6)  p  119.  p.^  -   13.500  ; 17,000         60 

Carnegie  Steel  Co  (3)  pp  125-0,  F  -  4  ; 
medium  steel  (Z-bars  and  channels) 

K  >  90; .'. 12,000  0 

iiC>  90 ; : 17.100         57 

Bethlehem  Steel  Co  (5)  p  122  ; 

/C  <  55 ;  13,000  0 

K>55\  >125;    16,000  55 

C.  C.  Schneider.  (10)  p  494  ; 16.000  70 

J.  R.  Worcester,  (10)  p  418  :t 

(/t/12)  max  -  16 

ii:/12  from  2  to  4   13,000  0 

For  each  increase  of  2.  in  /C/12.  deduct  1.000  from  s«. 

iiC/12  from  14  to  16  7.000  0 

Railroad  Bridi^e  S|>ecillcatloiis. 

TS  —  ultimate  tensile  strength ;  ^  <-  elastic  limit ;   both  in  thousands 
of  pounds  per  square  inch. 

■a         « 

American  Railway  Eng'ng  &  M  of  Way  Assn.  1906, 
American  Bridge  Co,  1906.  and 

Baltimore  A  Ohio  R  R.  1904 ;  TS  -  60 16.000       70 

Theodore  Cooper.  1906,  DeacVload 

Medium :   TS  -  60  to  70 ;   s,  =■  0.5  TS 

Chord  segments,  stiffeners 20.000       90 

Poets 17,000  to  18,000  90  to  80 

Lateral  struts 13,000       60 

For  live  loads,  in  lateral  struts,  take  two-thirds  the  dead  load  stress; 
elsewhere,  one-haJf. 

For  low  steel  (TS  —  55  to  65)  deduct  10  per  cent  from  loads  for  medium 
steel. 

For  movable  structures,  deduct  25  per  cent  from  loads  on  stationary 
structures. 

„  *^<  ."■  ^V*  ^^  ^  ^o""  the  point  of  tangeney  where  T.  H.  Johnson's  straight 
hne  joins  Euler^s  curve.     See  Columns  in  General,  H  31,  p  498  6. 
t  See  Columns  m  General,  H  34,  p  498  6.  ,gitized  by  L^OOg IC 
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Cmmt  Iron 
For  BnUdlnss.    inUmate  lioads. 

Wra.  H.  Burr,  flat  ends,  (13) ;  30,500       160 

J.  H.  Johnaon.  flat  ends,   *  Materials "  p  366 : 34,000        88 

For  Bnildlnsii.    Permlaslble  IjOMIs. 

•,  e 

Now  York  building  code,  (11)  Sec  138  ; 

Mln  diam,  5  ins;  min  thickness,  %  in.  K^u  -  70  11,300        30 

BoetoD  building  code.  (7)  p  416 ;  K,^  -  70. 

(Cast  iron  columns  forbidden  in  buiIdineB  over  75 

feet  high) 11,000        30 


90.  Prof.  jr.  B.  Johnson  (14)  p  150,  for  ult  loads  by  his  parabolic 

rormnla  (see  Columns  in  General,  t  28,  p  498) : 

sivaB  q  —  6.4  for  hinged  ends.  9  —  10  for  flat  ends,  and 

K>  •«  Op 

Wrought  iron,  pin  ends 170  34,000  0.67 

Wrought  iron,  flat  ends 210  34,000  0.43 

Mild  steel,  pin  ends,  - 160  42,000  0.97 

MUd  steel,  flat  ends. 190  42,000  0.62 

Here,  as  in  H  16,  let 

s^  «  elastic  limit  of  the  material;  <^p  "  a  coefficient ; 

K   —  L/r  —  unsupported  length  -f-  least  radius  of  gyration. 

21.  Where  the  least  exiernal  dtmeniiton,  D,  (instead  of  the  least 
radius  of  gyration,  r,)  is  given,  the  following  method  (15)  for  finding  the  unit 
load.  p.  by  the  Rankine  formula,  may  be  found  convenient:   Let 
s     «  max  permiasible  fiber  stress; 

p    >»  P/a  —  s/d   +  m  K^)  =  permissible  static  unit  load; 
^  D*   ^    (least  external  dimension)*  _     ^   __    L  ,      u   „  J^ 
r^  (least  radius  of  gyration  j*  '  r  *  D' 

Then 

K*  -  nifc«;     andp  -  s/(l   +  mnk^);     or  p/s  -   1/(1   +  mnk^). 

For  valaefli  of  m,  see  H  19,  pp  1104-1196. 

For  Talnca  of  p/s,  see  H  22,  p  1198. 

For  Talnoa  of  n»  —  (D/r)>,  see  Columns  in  General,  pp  353  a,  353  b. 
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88.  BlMrnun.  Fis  22,  sliowlnfr  Tmlaefi  of  p/«  »   1/(1   +  m  » Jb>) 
(a)  for  medium  ana  nickel  sted  and  wrouc^t  iron; 
(6)  for  cast  iron. 
In  the  scale  of  abscissas,  find  the  ordinate  corresponding  to  the  chren 
value  of  A;  —  L/D.     Find  the  intersection  of  this  ordinate  with  the  curre 
corresponding  to  the  value  of  n,  —  (D/rV^,  for  the  given  section,  taken  from 
the  table,  pp  353  a,  b.    Opposite  this  mtersection,  on  the  axis  of  aidinates, 
will  be  found  the  required  value  of  p/«.    Then  p  —  «  (p/«). 


Flf.  83.    Talaes  of  p/s. 

as.  FormnlMi  and  experimenta.  Figs  23  and  24  show  a  com- 
parison between  certain  formulas  for,  and  experiments  upon,  oolumns  of 
striictiiral  sU^el  and  east  iron,  as  foUows : 
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p 

- 

62,500 

—  179  K 

p 
p 

- 

48.000 
54.000 

—  0 

—  200 /C 

9 

- 

50,000; 

1/m   -  36,000 

8 

- 

45.000; 

1/to   -  36,000 

P 

. 

42,000 

—  0.62  K* 
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FormalMi  and  Ex|»erlinei«to. 

Figs  23  and  24  (pp  1201  and  1203). 
STBUCTURAIi  STEEI«,  Fig  23. 
Formnlas. 
Ranklne;  p  "  $/(l  -\-  m  IP);    Stratirlit-llne :  p  -  »,  —  eK. 
p    —  mean  unit  load  on  column  ;  m,  e  —  coefiBcients : 

»     —  maximum  unit  stress  in  cross  section  ; 
m^  <"  maximum  unit  stress  in  cross  section  for  short  blocks  ; 
ML  »  L/r  «  length  +  least  radius  of  gyration;    pand  •  in  lbs  per  sq  inch. 

Ultimate. 

1.  Straight-line.     T.  H.  Johnson,  mild  steel, 

carbon   —  0.12%,  square  ends. 

2.  Straight-line.   Passaic  R.  M.  Co  soft  steel, 

square  ends,  K  >  30 
K  >S0 

3.  Rankine.   Cambria  Steel  Co  and  Carnegie 

Steel  Co,  medium  steel,  square  ends. 

4.  Rankine.   Cambria    Steel   Co,  soft    steel, 

square  ends, 

5.  Parabolic.     J.    B.  Johnson,  mild    steel, 

square  ends, 

Permiflslblc. 

6.  Rankine.  N.  Y.  Bridge  Dept,  medium  steel  •    -  20,000;    1/m   «     8.000 

7.  Rankine.     Boston  building  code.  •    -   16,000;   1/m   -  20.000 

8.  Straight-line.    C.  C.  Schneider  and  Am  Ry 

Eng  A  M  of  W  Assn.  TS   -  60.000.        p   -   16,000  —  70  K 

9.  Straight-line.  Cam^e  Steel  Co.   Medium 

steel,  square  ends.      /C  >  90;  p   -   12,000  —  0 

K  >90i  p   -   17.100  —  67  K 

Exp^rlmenta, 
Ultimate  strenfrtb  of  pin-end  steel  eolnmns. 

TS  —  ult  tensile  strength ;  s«  —  elastic  limit. 
#  Jaa.  O.  Dairron,  Am  Soc  C  E  Trans,  June,  1889,  Vol  20.  p  254. 
8  lattice  bridge  columns  of  rectangular  section,  built  up  of  plates  and  angles. 
Carbon,  0.26  to  0.27  per  cent;   TS  -  83.7  to  84.4;    $.   -   51.2  to  53.9  ; 
6  colii  of  2  plates,  8    X  ^,  4  angles  2V4    X  2M    X  Vi  ,  16  to  24  ft ; 
2  cols  of  2  plates,  9    X  %,  4  angles  2^4    X  2%    X  %o.  25  ft  7.5  in.«i. 
^  C  P.  Bnehanan,  Eng  News.  Dec  26, 1907.    7  bridge  cols,  as  below. 
Bessemer  (Bess)  and  Open  Hearth  (O.  H.). 
No.  Carbon  %  K      p 

3.  Poet,     4  Z>bar8,  3  in.  Web,  6   X  %.  Fl»«s  —        83  34.270 

4,  Poet,     4  Z-bars,  3  in.  Web,  6    X    '      li.as  —        83  32,900 
9.  Post,     4  angles,  6  X  3.5   Web.  1094  •     ^.  Bess  —        97  27.790 

16,  Chord,  2  angles,  3X3       2  webs  16         S 

2  angles,  4X3       cover,  22  : 

Lattice.  5       'irt  O.H.         0.21      46  30.640 

17,  Poet,     4  angles,  3X3        2  webs  10        S 

Lattice  O.  H.  0.23      45  31,680 

A  J*  A.  I^.  WaddelK  Eng  News,  Jan  16.  1908.  6  nickel-steel  and  6 
carbon-steel  bridge  columns.  Each  of  4  angles,  3  X  3  X  %.  2  web  plates, 
12  X  %,  and  lattice  2.5  X  %.  Lengths  10  and  30  ft.  r  »  4.46  ins.  a  -> 
17.44  sq  ins.  Nickel-steel.  TS  -  100-115;  a,  <  60.  Nickel,  3.5  <^r  ; 
earbonO.38  %;  manganese,  0.30  %.     Carbon-steel,  TS  -  60-70 ;  ««  <  35. 

Average 

Nickel  steel,     X  -  27,     p  -  68,500,    68,500,    69,200,    68.700 

A   -  81,     p   -  44.400,     47,20a     42,500,     44,700 

Carbon  steel,    X  -  27      p  -  38.900.    38.900,    39.800,    39.200 

•*        X  -  81,     p   -  29,600,     29,600,     32,400,     
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a4|iieb«c  Brldi^e  Commlflsioii.  Eotf  News,  April  23. 1908.  Two 
ium  steel  chord  members;  viz:  No  1^  one-third  size  of  "A  9  L"  (see  \  26) 
and  of  similar  section,  and  No  2,  with  2,  instead  of  4,  ribs;  ribs  identical  with 
outer  ribs  of  No  1 :  but  the  lattioe-an^es  were  50  %  heavier;  rivets  in  lattice 
connections  doubled;  intersections  of  lattice-angles  strengthened  by  gusset 
plates.    Pins»  12  ins  diam.  as  in  "A  9  L  " 

No      Area  Length  L/r  Failure  load,  in  Ibe/aq  in 

sq  ins  c.  to  c.  *  t  indicated  t      net  | 

1  86.5  19'  0*  42         35  26350        22^50 

2  42.6  11'  4Vr  25         15  37,000        30.525 

CAST  IROX,  Fig  24. 
FormiilMi. 

Ranklne:  p  »  •/(!  ■\-  m  IP);  Stralgrbt-ltne ;  p  »  c«  —  e  K.. 

p  —  mean  unit  load  on  column  ;  in,  c  »  coefficients  ; 

H    a  maximum  unit  stress  in  cross  section  ; 

Sg  —  maximum  unit  stress  in  cross  section  for  short  blocks  ; 

K  >B  L/r  =  length  -s-  least  radius  of  gyration ;  a  and  p  in  lbs  per  sq  inch. 

VUlmate.     Square  ends. 

1.  Rankine.    Cambria  St^l  Co.  approx •  -  80.000;   1/m   -  8,000 

2.  Straight-line,  T.  H.  Johnson  p  -  80,000  —  438  K 

3.  Straight-line,  J.  B.  Johnson p  -  34.000  —    S8  K 

4.  Straight-Une,  W,  H.  Burr p  -  30.600  —  160  iC 

PenniMlble. 

5.  Boston  building  code,  Kn%x  =  70  p  -  11,000  —  20  K 

6.  Chicago  building  code  (Rankine),  approx «   —  10,000 ;  1/m   —  6,000 

Experimento. 
Hollow  eolmmiB. 

+  Tests  of  10  cylindrical  columns  at  Phoenixville  for  New  York  Building 

Department,  as  follows: 

Outer  p 

diam  Thickness  Length  K  ultimate 

ins  ins  ins                                 lbs  per  sq  inch 

15  1  190  38.3  30.800 

15  IH  190  38.7  27,700 

15  m  190  38.7  24.900 

15  1%  190  38.3  25.200 

15  1»^  190  38.5  32,100 

15  liKs  190  38.8  >  40.400 

8  1  160  64.0  31.900 

8  1%4  160  64.4  26.800 

6  1%4  120  67.2  22,700 

6  VM*  120  66.5  26.300 

if  Testa  of  5  cylindrical  columns  about  157  ins  long,  at  Watertown 
Arsenal,  (17)  pp  730-734.  as  follows. 
Diameter^  ins 

outer         inner  p 

D              d  K  ultimate 

8.7            6.0  60  >  25,720 

7.9             6.3  65.9  >  30.380 

7.2            4.8  72.4  25,470 

6.4             4.1  83  27,210 

5.7             4.0g  90.6  25.100 

*  Axis  parallel  to  pin.  t  Axis  parallel  to  web. 

t  Net  load  taken  »  82.5  %  of  indicated  load,  on  account  of  error  ci 
testing  machine.  Both  indicated  and  net  loads  are  plotted,  with  L/r  for 
axis  parallel  to  pin,  both  test  coU  having  yielded  in  planes  perp  to  pins. 

g  Core  eccentric.     Thiokness,  at  bottom,  varied  from  0.78  to  1.06  inch. 
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Solid  Colamns. 

B  Usually  accepted  average  onishing  strength  of  short  blocks,  lOO.OOO 
lbs  per  square  incn. 

#  Tests  of  6  small  cylinders  at  Watertown  Arsenal,  (18). 

V 
No       Diam  r        Length      K  ultimate 

ins  ins  ins  Ibe  per  sq  inch 

1  0.798        0.2  4  20  96.200        1886     p    126a      Cut 

from  a  eamioD  baD. 

2  0.798        0.2  5  25  89,620        1890.   p    738. 

3  0.798        0.2  6  25  86.200 

4  0.749        0.187        5.482    29.3        76.643         1886,  pp  1680-1. 

5  0.750        0.1875      5.46      29  76.244         1886.  pp  1680-1. 

6  1.129        0.282      10.5        37.5        63.000        1894.  p  105.   Guniroo. 

A  Tests  of  5  cylinders  with  short  square  ends,  at  Watertown  Anen&l 
(17),  pp  737-742.  Diameter  —  2  ins.  r  *-  0.5  inch.  L  <-  length  of 
round  portion  —  9  ins.     iC  »  18.    p.  ult.  from  61300  to  74.780  Ibs/sq  ia. 

24.  The  experiments  on  small  solid  cast  iron  cylinders,  above  recorded, 
and  many  others  by  Tetmajer  (16),  indicate  that  the  Rankine  formuU  » 
correct  in  form;  but  the  ucperiments  with  actual  bt^ow  cylindrical  columns 
show  that  such  columns  fail  under  loads  lower  than  those  gplven  by  the 
formula,  especially  in  the  case  of  short  columns.  In  thin  hoUow  cols,  the  eccen- 
tricity of  loading,  which  is  sure  to  occur,  even  in  cardFul  experiments,  sod 
much  more  so  in  actual  building  operations,  conoentratee  most  of  the  presrare 
upon  one  side,  and  causes  that  side  to  act  without  proper  support  from  the 
rest  of  the  section.    The  col  is  thus  prevented  from  acting  as  a  whole. 

2S«  Tetmi^er  (16).  p  77.  finds  that  riveted  eolamns  of  atnictunl 
steel  behave  tlie  same  as  alinple  rolled  aliapea,  provided:— 

(1)  the  pitch  of  the  rivets  does  not  exceed  70  X  entire  flange  thickness; 

(2)  the  rivets  completely  fill  the  rivet  holes; 

(3)  the  weakening  of  the  section  by  rivet  holes  >  about  12  per  cent. 

26.  <|aebee  bridge  fkllnre.  The  coUapee  of  the  southern  jportioD 
of  the  great  steel  cantilever  bridge  over  the  St.  Lawrence  river,  near  Quebec, 
on  August  29.  1907,  during  construction,  appean  to  have  been  due  to  the 
failure  of  a  main  compression  member,  "il  9  L"  in  the  anchor  arm.  This 
member.  Fig  25,  57  feet  long,  was  composed  of  four  webs,  each  from  3^^  to 
3%  inches  thick  (made  up  of  four  plates,  about  %  inch  thick,  riveted  together  • 
and  4  ft  6  ins  wide,  provided  with  flange  angles  6  X  8  ins  and  3U  X  8  ins. 
and  spaced  as  in  Fig  25.  and  connected  with  each  other  by  Uttieing  of 
i'  X  3'  X  %'  and  3^*  X  3'  X  %'  angles  on  top  and  bottom,  the  aories 
being  replaced  by  y^  inch  batten  plates  for  several  feet  at  each  end.  The 
radius  of  gyration  of  the  four  webs  alone,  including  the  longer  Ices  of  the 
9ange  anglai,  acting  unitedly,  about  the  axis  a  b,  is  19.5  inches.  This  gives, 
for  the  entire  section,  acting  unitedly.  Lfr  —  684/19.5  ->  35.1. 

27.  According  to  the  stress  sheet,  this  miember  was  deaigaed  te 
sustain,  in  service : — 

Dead  load. 11.249.000  pounds 

Live  load 4,019,000      " 

Dead  and  live  load, 15,268.000      *'         <-  19,710  poimda  per  sq  inch. 

Wind +      7,370.000      " 

28.  For  compression  members  where  Lfr  is  (as  in  this  ease)  <  50»  th« 
speeifiisatioii  permitted  a  load,  in  pounds  per  square  inch,  of 

io/%/^   /t     I    minimum  stress  \  ♦        .    *v  i.        * 

12,000   ( 1   +  -. : I     or.  w  this  member,  of 

\  maximimi  stress/ 

12,000  X  1.7317*  «  20,780  Ibe  per  square  inch. 

29.  Tlie  member  appears  to  fiave  sustained,  at  the  time  of 
its  failure,  an  average  pressure  of  about  12,500,000  +  780  —  say  16,000 
lbs  per  square  inch. 

♦  Min  stress    —  dead  load    —  min  live  load 

-  \lM%,QGO  —  45,000  -   11,204,000. 
Max  stress  »  dead  load     +  max  live  load   +  min  live  load 

-  11.24Q,000  +  4.019,000  +  45,000  -   15313.00a 
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30.  Eaeli  of  the  four  webs,  indading  the  longer  leg  of  its  flaase 
angle,  has,  about  it«  own  neutral  axis,  cd,  a,  radius  of  gyration  of  only  aboui 
1  inch,  making  its  L/r  >  650.  For  columns  where  L/r  exceeds  50.  the  aipecH 
Rcation  allows  a  load  of  only 

(12.000  -  50  L/r)  (1   +  ^!5_?t<:^\  » 
max  stress/ 

which,  if  applied  to  one  of  these  webs,  would  permit  only  a  minus  load  of 
some  35,000  lbs  per  square  inch;  but  reliance  was  of  course  placed  upon  the 
angle  latticing  and  upon  the  batten  plates,  to  compel  these  four  webs  to  act 
umtedly. 

81.  After  the  collapse  of  the  structure,  however,  this  member  was  found 
bent  into  the  shape  of  a  letter  S,  and  the  deflection  occurred  at  right  angles 
to  the  planes  of  the  four  webs,  or  in  that  direction  in  which  it  would  have 
occurred  if  the  bracing  had  been  omitted.  "The  failure  of  lower  cbonJ 
A  9  L  is  an  example  of  an  insufficient  lattice  system."  (RqM>rt  of  Quebec 
Bridge  Commission.) 

Stresses  in  iMitieing, 

32.  '  'The  tmsatisfactory  nature  of  the  column  fonnulas is  a  matter 

of  common  knowledge  among  engineers,  but  tlie  eoivnm  forma  las 
may  be  eonstdered  to  represent  exaet  selenee  In  «ont|»nri- 

son  with  the  l»ttlee  formnliis.      Lattice  formulas fix,  in  a 

fashion,  a  value  of  the  extreme  fiber  stress  in  the  lattice  bar.  but  only  tesu 
and  experience  can  determine  whether  these  give  eoonomieal  and  nfe  re- 
sults."    (Report  of  Quebec  Bridge  Commission.) 

38.  The  following  approximate  metliod  (see  ccmmunicatioDs  from 
Prof.  Clyde  T.  Morris,  Ohio  State  Univenitv,  Eng  News.  Nor  7, 1907, 
p  487,  Feb  27, 1908,  p  44)  assumes  (1)  that  the  diagram  of  moments,  in  the 
colimins,  is  a  straight  line,  i  e,  that  the  increment  of  stress,  per  unit  of  length 
of  column,  is  constant.  This  assumption  makes  the  max  stress,  in  the 
leaves,  for  a  given  max  mom,  less  than  it  probably  is;  but.  on  the  other 
hand,  it  is  also  assumed  (2)  that  the  stress,  in  the  extreme  fibers  of  ttie  leaves. 
is  uniformly  distributed  over  the  cross  section  of  each  leaf.  This  assumption 
(made  because  each  portion  of  the  leaf,  between  lattice  connections,  may 
deflect  in  either  directaon)  makes  the  average  stress  greater  than  it  is. 

34.  In  a  latticed  (or  "laced")  coltmin,  composed  of  two  leaves.  Fig  26, 
let 

•     —  max  allowable  unit  eomp  stress  in  cross  section  of  ool 

—  max  allowable  unit  comp  stress  in  short  blocks  of  the  givNi  ma- 

terial; 
P    —  max  allowable  total  load  on  column; 
a     —  area  of  cross  section  of  colunm; 
p     —  P/a  -■  max  allowable  avge  unit  comp  stress,  in  cross  section  of 

col; 
L    «  unsupported  length  of  column; 
r     »  least  radius  of  gyration: 

V  »   total  stress  transferred,  by  the  lacing,  from  one  leaf  to  the  other 
-"  half  diff  of  stress  betw  the  two  leaves: 

I      =  distance  within  which  V  is  transferred; 

V  "   Vfl   —   increment  of  total  stress,  V,  per  unit  of  length  of  eol; 
to    »  dist  betw  rivet  lines  of  lacing  in  the  two  leaves; 

B     =  an^e  betw  lattice  and  axis  of  col; 
z     —  t(7 .  cot  B   —  longitudinal  spread  of  one  lattice  bar  ; 
It     —  number  of  lattice  bars  in  each  lattice  panel; 
vx/n   —  increment  of  stress,  within  z,  in  one  lattice  bar: 
e     —  coeff  in  straight-line  col  formula  p  —  •  —  c  Lfr, 

—  a  small  stress,  of  the  same  kind  with  •; 
P^   ->  total  longitudinal  stress  in  one  lattice  bar. 

•  See  foot-note  *.  p  1202. 
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S6.    Then 

V  -^  i$  —  p)  (o/2) 

-  diff  of  unit  stress  X  area  of  one  leaf (1) 

V  -  F//  -  («  — p)a/2Z (2) 

-(•  —  «  +  c  yjc/2/  -  eLai2lr (3) 

vz/h"  rwcot  9/n (4) 

2lrn'  mnB ^^^ 

56.  In  ptn«end  »nd  round-end  col*,  the  elastic  curve  is  a 
simple  one,  and  we  have,  for  the  dist,  /,  within  which  V  is  transferd, 
/  -  L/2;  and  L  /  2i  -  1. 

In  iiqn»re-end  and  llxt-end  eols«  the  eurve  reverses,  with  two 
points  of  contrary  flexure ;  and  we  have :  I  —  JL/4,  and  L  /  21  —  2. 
Henoe: 

with  round  ends,  p,   -  .^A  .  ^     ^ (6) 

**         rn       sin  • 

wttli  flqaare  ends,  P,   -  A!L°  .  _J?.^ "..(7) 

**  rn        sin  tf 

57.  The  following  approximate  netliod  (see  W.  C.  Armstronfr, 

Westn  Soc  of  Engrs,  Journal.  June  1908,  p  337)  gives  the  total  stress,  i^, 
in  one  lattice  bar,  wben  the  eol  is  equally  liable  to  ftell  In  either 
direction. 

It  is  assumed  that  the  tie  plates  carry  1/4.  and  the  ladng  3/4,  of  the  shear 
between  the  leaves.     Let 

d    —  depth  of  leaf: 

/    »  mom  of  inertia  of  cross  section  : 

JIf  ->  2  •  I/d  —  resisting  mom  against  bending  in  either  direction  ;  other 
symbols  as  in  ^  34. 

88.  Then 

V  -  Af /w  -  2$  I  /dtp (1) 

V  -  F/i  -  28l  /dv>l (2) 

V  X  /  n  -  2  $  I  X  /  dvfln  -  2«/oot«/<f/n (3) 

»      „    3     rx  1.5s/ 

^L    -    4  •  n    •**'  "   dln~^~B ^^^ 

With  round  ends,  2  -  L/2;      and  P,    -    —^±L- (5) 

With  square  ends,  2  -  L/4 :    and  P.    -   ^  ,^  *  {    ■ (6) 

^         a  Ij  n  sin  9 

SO.  Supponng  the  lattice  members  themselves  to  be  sufficiently  strong, 
the  integrity  of  the  lattice  ssrstem  is  still  limited  b^  the  possibility 
of  rlvet-sllp,  the  resistance  to  which,  at  any  joint,  is  —  No.  of  rivets  X 
rivet  section  ares  X  unit  frictional  resistance  of  rivets. 

Prof.  J.  B.  Johnson  (Materials  of  Construction,  pp  526-7)  gives  12,000 
lbs  per  sq  in  of  rivet  section  as  the  nrietional  resistance  for  steel  rivets; 
lO.CKX)  lbs  for  iron  rivets. 

40.  **The  slse  and  strengrth  of  the  pin  used  have  an  appre- 
ciable effect  on  the  results  obtained,  but  the  amount  of  this  effect  has  not 
been  determined."     (Report  of  Quebec  Bridge  Commission.) 

41.  **  A  compression  member,  of  usual  design  and  dimensions, 
eannot  be  expected  to  develop  an  ultimate  strength  much  greater  than  about 
half  that  of  a  tension  member  made  from  the  same  material."    Ilnd. 
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FLOOR  SECTIONa 


PENCOTB  FliOOB  SECnOHS. 

L  »  span,  in  feet 
C  —  coefficient. 


W  —  distributed  load,  in  Sm,  per  foot  of  floor  width. 

Corrwmied  ll4M»rliiir,  for  bridges  and  baildings. 

W  —  load  producing  fiber  stroBS  of  15,000  lbs  per  square  inch. 


SECTION  210  M. 
Dimensions  in  inches. 


Thickness,  inches. 
Web.  Flanga 

M  A 

A  I 

il  h 

I  h 


Weight.^ 

Ibepersqft 

C 

14.8 

44,000 

18.4 

65.000 

21.9 

08,000 

2&5 

77,400 

29.1 

88,800 

SECTION  200  M. 
Dimensions  in  inches. 


Thickness,  inches. 
Web.  Flange. 

ito| 


k 
A 

i 


|tof 
I  to! 


Weight, 
lbs  persq  ft. 
20.0  to  ao.7 
26.6  to  87.2 
29.4  to  40.1 


105,000  to  186,000 
148,000  to  234.000 
153.000  to  237,000 


Z  Bar  FlooiiniT* 

W  ■-  safe  load. 


Section 
No. 


Dimensions, 
in  inches. 
^     B    C 
6     6     0 


Thickness,  ins. 
Z  bars.      Plates. 


18      8    10     6 


21      9    12     6 


it} 


|toi 


A  to  A 


|to| 


Weight, 
lbs  per  sq  ft. 

{2Sl9  to  86.1 
29.1  to  89.8 
82.8  to  42.6 
f  32.1  to  42.8 
<  85.2  to  45.4 
1  88.4  to  48.6 


{ 


89.3  to  49.6 

42.4  to  52.6 

45.5  to  56.1 


98,400  to  147,400 
104,000  to  157.000 
114,400  to  167,0itt 
14S.0O0  to  909,400 
155,000  to  221.400 
166.400  to  233,000 
203.400  to  281. OM 
217,400  to  294,001 
231,000  to  307.314 
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WEIOHT  AHD  STBEH OTB  OF  IRON  CHAIHS. 
Table  of  strengrtb  of  ebalna. 

Chftina  of  superior  iron  will  require  ^  to  }^  more  to  break  them.    (Original.) 


Diamofrod 
of  which 

Welglit 

Breaking  strain 

DIam  of  rod 
of  which 
the  links 

Weight 

Breaking  strain 

the  links 

of  chain 
per  ft  run. 

of  the  chain. 

of  chaiD, 

of  the  chain. 

are  made. 

are  made. 

per  ft  mn. 

Ins. 

Pda. 

Pda. 

Tons. 

Ins. 

Pds. 

Pds. 

Tons. 

8-16 

^ 

1731 

.rtz 

10.7 

49280 

2200 

'^l« 

.8 

3069 

1.37 

ji^ 

•12.5 

50226 

26.44 

1. 

4794 

2.14 

^/L 

16. 

73114 

32.64 

K 

1.7 

6922 

8.09 

I71 ' 

18.3 

88301 

39.42 

2. 

9408 

4.20 

\\  [ 

21.7 

105280 

47.00 

^e 

2.5 

12320 

5.50 

17! 

26. 

123514 

55.14 

&2 

15590 

6.96 

li 

28. 

143293 

63.97 

% 

4.8 

19219 

8.68 

32. 

164605 

7344 

11-16 

6. 

237r4 

10.80 

2 

88. 

187162 

83.55 

H 

6.8 

27687 

1^36 

2Vi 

54. 

224448 

100.2 

13  16 

6.7 

32301 

14.42 

2V* 

71. 

277088 

123.7 

% 

8. 

37632 

16.80 

2% 

88. 

3%328 

149.7 

15- 16 

9. 

43277 

19.32 

.?* 

105. 

398944 

178.1 

THe  links  of  ordinary  iron  chains  are  usnally  made  as  short  as  Is  consistent 
with  easy  play,  in  order  tliat  they  may  not  become  bent  when  wound  around 
drums,  sheaves,  Ac;  and  that  ihev  may  be  more  easily  handled  in  slinging 
large  blocks  of  stone,  Ac  U.  B.  GoTernment  experiments,  1878,  prove  that 
■tuda  weaken  the  links. 

When  so  made,  their  weisbl  per  foot  run  is  quite  approxiraatelT  Z%  times  that 
of  a  siugle  bar  or  the  rouua  iron  of  which  they  are  composed.  Since  each  link 
oonsists  of  two  thicknesses  of  bar,  it  might  be  supposed  that  a  chain  would 
\  about  double  the  strength  of  a  single  bar:  nut  the  strength  of  the  bar 
38  reduced  about  80  per  cent,  by  beinj;  formed  into  links ;  so  that  the  chain 
baa  but  about  70  per  cent  of  the  strength  of  two  bars.  .As  a  thick  bar  will  not 
sustain  as  heavy  a  nnlt  stress  as  a  thinner  one,  so  of  course,  stout  chains  are 
proportionally  weaker  tlian  slighter  ones.  In  the  forcing  table,  20  tons 
per  square  inch,  is  assumed  as  the  average  breaking  strain  of  a  siugle  straight 
bar  of  ordinary  rolled  iron',  1  inch  in  diameter  or  1  inch  square;  19  tons,  fi*om 
1  to  2  inches :  and  18  tons,  from  2  to  8  inches.  I>eductlng  80  per  cent  from  each, 
we  have  as  tne  breaking  strain  of  the  two  ban  composing  each  link,  as  follows: 
14  tons  j9er  «9iMire  inch,  up  to  1  inch  diameter ;  18.8  tons,  nom  1  to  2  inches:  and 
12.6  tons,  from  2  to  8  inches  diameter ;  and  upon  these  assumptions  the  table  ia 
baaed.  The  weights  are  approximate ;  depending  npon  the  exactness  of  diameter 
of  the  iron,  and  shape  of  link. 
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TUT  AlTD  EUrC 

The  pare  metal  is  ealled  block  tin.  When  perfectly  pore,  (which  it 
rarely  ia,  being  purpoaely  ftdnlterated,  frequently  to  a  large  proportUMi,  with  the 
cheaper  metala  lead  or  sine,)  ita  sp  grar  is  7^29 ;  and  iU  weight  per  cub  ft  ia  455  Iba. 
It  ia  aufflciently  malleable  to  be  beaten  Into  tin  foil,  only  ilhv  ^^  '^  ^^  thick. 
Ita  tenaOe  strength  ia  but  about  4e00  lbs  per  aq  Inch ;  or  about  7000  Iba  when  made 
hito  wire.  It  melta  at  the  moderate  temperature  of  442''  Fah.  Pure  block  tin  ia 
not  naed  for  oommon  building  parpoaeB ;  but  thin  platea  of  abeet  iron,  oororad  with 
it  on  both  Bidea«  constitute  the  Unned  plate*,  or,  as  tbey  are  called,  tfao  Hn,  uaed  for 
eoTaring  roofii,  rain  pipea,  and  many  domeatio  utenaila.    For  rooCi  it  la  laid  on  boMda. 

Tbe    slieelfl 
•rtlnmreami- 


'fi 

$ 

k 

Si 

then  formed  into  a 
roll  to  be  carried 
to  the  roof;  a  roll 

being  long  enough  to  reach  from  the  peak  to  the  earea.  Differant  rolla  being  apread 
up  and  down  the  roof,  are  then  united  along  their  aidea  by  aimply  being  bent  aa  at  a 
and  «,  by  a  tool  for  that  purpose.  The  roofers  call  the  bending  at  a  a  doubU  groore, 
or  dmtbU  lock  ;  and  the  more  aimple  ones  at  (,  a  iinffle  grwn^  or  lock. 

To  hold  the  tin  aecurely  to  the  aheeting  boarda,  piecea  of  the  tin  8  or  4  tna  long, 
by  2  ina  wide,  called  cleata,  are  nailed  to  the  boiirds  at  about  erery  18  ina  along  the 
}ointa  of  the  rolls  that  are  to  be  united,  and  nre  bent  orer  with  the  double  grooTc  «. 
Thia  will  be  understood  from  y,  where  the  middle  piece  is  the  cleat,  before  being 
bent  oTer.  The  naila  ahould  t>e  4>penny  slating  nails,  which  hare  broader  heads 
than  oommon  onea.  Aa  they  are  not  expoaed  to  the  weather,  they  may  be  of  plain  iron. 

Hneh  nae  ia  mada  of  what  fa  called  leiMled  tin,  or  temes,  for  rooflnff.  It  ta 
llmpiy  sheet-iron  coated  with  lead,  instead  of  the  more  coatly  metal  tin.  It  ia  not 
aa  durable  aa  the  tinned  aheeta,  l>nt  ia  aomewbat  cheaper. 

The  beat  ptatea,  both  for  tinning  and  for  temea,ara  made  of  charcoal  Iron ;  which, 
being  tough,  bears  bending  better.  Coke  ia  used  for  cheaper  platea,  but  inferior  aa 
regarda  bending.  In  giTing  ordera,  it  ia  important  to  apecliy  whether  charcoal 
platea  or  coke  onea  are  required ;    alao  whether  (tailed  platea,  or  (aniat. 

Tinned  and  leaded  aheeta  of  Beaaemer  and  other  cheap  steel,  are  now  moch  naed. 
They  are  aold  at  about  the  price  of  charcoal  tin  and  teme  platea. 

There  are  also  in  uae  for  roi^ng,  certain  compound  metala  which  raalat  tamlah 
better  than  either  lead,  tin,  or  sine ;  but  which  are  ao  fuaible  aa  to  be  liable  to  be 
melted  by  large  burning  cindera  falling  on  the  roof  flrom  a  ndghboringconflagratioD. 

A  roof  ooTered  with  tin  or  other  metal  ahould, if  poaaible,  alope  not  much  lew  than 
flTc  degrees,  or  about  an  inch  to  a  foot;  and  at  the  cares  there  ahould  be  a  audd«a 
fall  into  the  rain-gutter,  to  prevent  rain  from  backing  up  ao  aa  to  orertop  the  double- 
groore  Joint  «,  and  thus  cause  leaks.  Where  coal  ia  uaed  for  fkiel,  tin  rooA  abould 
reoeire  two  coata  of  paint  when  flrat  put  up,  and  a  coat  at  erery  2  or  3  yeara  after. 
Where  wood  only  la  used,  this  is  not  neceaaary ;  and  a  tin  roof,  with  a  good  pitch, 
will  laat  20  or  30  yeara. 

Two  good  workmen  can  put  on,  and  paint  outaide,  from  260  to  300  aq  ft  of  tin  roof, 
per  day  of  8  houra. 

Tinned  iron  platea  are  aold  by  the  box.  Theae  bozea,  unlike  glass,  haTa  woi  equal 
areas  of  contents.  They  may  be  designated  or  ordered  either  bj  their  namea  ot 
aisea.  Many  maken,  howcTer,  haTe  their  prirate  branda  in  addition;  and  soma  of 
theae  have  a  much  higher  reputation  than  othera. 
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T»ble  of  Tinned  and  Terne  Plates. 

CmiUom.— BozM  dtoD  contain  oonMerablj  leat  weight  of  tin  plate  tlutt  fkM 
MbU  requiret;  tb«  phua*  being  rolled  thin  and  plated  thin,  in  order  f 
■wrhantw  to  get  pay  far  More  aatariai  than  they  farnieh. 

The  marks  indicate  the  Ihicknettei^  approximately  as  follows: 


Mark. 

Number 
BimiDcbam 
wire  gauge. 

Iiu. 

Lbe 
per«qrL 

Mark, 

Bifmtsrbaiii 
wire  taufi<. 

~ei|« 

Lbi 
pereqrt. 

IC 

SO 

.013 

.48 

nc 

17 

.64 

IX 

iS 

.OU 

M 

DX 

a 

-(m 

.80 

IXX 

IT 

.016 

JH 

liXX 

M 

-tm 

i!6o 

IXXX 

M 

.OIH 

.72 

U%.%1li 

13 

-ir/M 

1.13 

IXXXX 



IS 

.020 

.80 

l*x  \  ^  >( 

El 

.&/:■ 

1.81 

Ste. 

iBObM. 

Mvfc. 

ii- 

111 

8iM. 
iDObee. 

Mark. 

ill 

Site, 
inehee. 

Mark. 

il- 

m 

»-p 

i**Li 

*-£ 

hi 

»?-2b 

^s.& 

VXI8 

IC 

n5 

130 

13X13 

IXX 

225 

H 

16  X  16    IC 

225 

2U5 

" 

IX 

«• 

1«2 

ISXM 

IC 

112 

135 

"      ,  IX 

266 

10X10 

IC 

•• 

80 

IX 

161 

"      1  IXX 

u 

294 

•• 

IX 

•* 

100 

IXX 

«• 

114 

16X11,  IX 

lis 

151 

l»XU 

IC 

•« 

Hi 

14X14 

IC 

225 

156 

17X17     IX 

141 

•• 

IX 

«« 

140 

IX 

IM 

IXX 

M 

166 

•• 

IXX 

'« 

ICI 

<• 

IXX 

M 

225 

17X25 

DX 

100 

352 

M 

IXXX 

*« 

18-2 

•• 

IXXX 

i< 

254 

DXX 

214 

•' 

IXXXX 

'« 

103 

14X20 

IC 

US 

112 

18X18 

TX 

lis 

182 

10X» 

IC 

•• 

ISO 

•* 

IX 

•• 

140 

IXX 

180 

•• 

IX 

•• 

100 

•• 

IXX 

M 

161 

M 

IXXXX 

•« 

235 

11X11 

IC 

•• 

07 

«* 

IXXX 

" 

183 

20X80 

IX 

•• 

300 

" 

IX 

*• 

121 

•< 

IXXXX 

*» 

203 

IXX 

«* 

230 

11X21 

IC 

lis 

17 

ux« 

IX 

•« 

154 

•• 

IXXX 

«• 

360 

IX 

•• 

121 

IXX 

<• 

177 

•« 

IXXXX 

«• 

210 

" 

IXX 

*t 

131 

14X24 

IX 

«« 

168 

S0XS8 

IC 

" 

224 

ISX  IS 

IC 

«5 

lit 

IXX 

M 

IM 

IX 

•< 

280 

IX 

140 

14XS5 

IC 

•« 

140 

" 

IXX 

•< 

i'it 

M 

IXX 

•« 

161 

IX    • 

<* 

175 

•• 

IXXX 

•• 

364 

ISXM 

IC 

IIS 

115 

<t 

IXX 

M 

201 

" 

IXXXX 

" 

406 

IX 

144 

14X  26 

IXXX 

237 

•• 

IXX 

< 

166 

14X98 

10 

« 

157 

•• 

IXXX 

•• 

187 

IX 

U 

116 

Teme  Plates. 

ItH  X  17 

DC 

100 

18 

•• 

IXX 

M 

X2i 

DX 

•< 

120 

14X30 

IXX 

** 

241 

10X30 

IC 

112 

80 

" 

DXX 

•« 

147 

14X81 

IX 

*i 

217 

IX 

100 

■• 

DXXX 

•• 

168 

IXX 

*• 

241 

14X90 

IC 

M 

lis 

•• 

DXXXX 

•• 

181 

15X15 

IX 

m 

S25 

IX 

M 

140 

It  X  IS 

IC 

ns 

l.^ii 

IXX 

TM 

30XS8 

IC 

M 

TU 

n 

I 

•* 

lei 

" 

IXXX 

" 

326 

IX 

M 

2H) 

Sheets  of  larger  liia  maj  te  nade  to  ipcotal  order ;  tkooe  of  tiSDed  Iron,  lo  RDgland;  but  leaded 
temet  are  made  ta  Philada  alto,  and  elMwbere. 

A  bos  or  225  sheeca  of  13H  by  10.  eontalae  214.84  iq  ft ,  but.  allovlng  for  overlapping,  It  will  corer 
b«i  about  150  eq  ft  of  roof;  even  without  any  allowaooe  for  the  waate  which  oocura  in  eatUag  avaj 
portion*  in  order  to  fit  at  angles,  4e. 

To  And  the  area  of  roof  oovered  by  any  sboet.  first  dodnot  S  ins  from  lu  width,  and  I  Inch  flrom  lu 
■engih. 

Zine,  In  aheetSf  and  laid  In  the  name  manner  as  slnteti,  Is  much  used  in  some 
yarts  of  lurepe  for  roofing.  Bv  exposure  to  the  weather.  It  soon  becomes  covered  by  a  thin  film  of 
white  oxide,  which  protects  It  firom  further  injury,  and  renders  the  roof  vary  dorable.  Corrugated 
sheet  tine  is  also  ased.    See  Qalvanlted  Sheet  Iron. 

Zinc  sheets  are  asually  about  3  ft  by  7  or  8  ft.  The  gauge  dilTers  tnm  that  of  Iron  ;  thns  No  18  Is 
.032  of  an  inch  thick,  or  1.22  lbs  per  Rq  ft;  No  14  =  .096  inch,  aud  1.36  fta;  No  15  =  .042  inch,  and 
1  41  lbs :  No  16  =  041  inch,  and  1.63  ^  per  sq  ft.  Any  of  these  aumbera  may  be  need  on  roofs,  for 
which  porpose  It  should  be  very  pure. 

Water  kept  In  sine  Tesaela  is  said  to  become  injurious  to  health;  and 

reecntly  an  outcry  nas  on  that  aeconot  arisen  against  gslvaniied-iron  service-pipes  .In  dwellings. 
Tet  soch  have  been  in  nae  for  many  vears  in  New  Kngland.  Pbilada,  and  elsewhere,  without  as  yet 
any  deleterious  eflbcts.  This  is  possibly  owing  to  the  fact  that  service-pipes  being  short,  the  wster 
Is  usnally  all  drawn  through  them  sevrral  times  a  day ;  and  benee  does  not  remain  in  ooataet  with 
the  sine  er  lead  long  enoagh  to  acquire  a  polaoooas  character.  In  taking  poesesslon  of  a  house  In 
vhleh  the  water  has  remained  ssagnaat  In  the  servlee-plpes  for  some  considerable  tlaae,  saoll  wat« 
Aoald  all  be  raa  to  waau:  otherwise  aloknese  May  cmsw  from  Its  nse. 


(i 
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WEIGHT  OF  UBTAIA, 


,  Roof  copper  is  luaaHf  in  sheets  of  2>^  feet  X  8  feet;  or  1%K  sqcsre  fee^ 
weiffbing  10  to  14  lbs  per  sheet ;  and  is  laid  on  boards.*  No  solder  Is  used  in  tlM 
borisoutalJoiDts  as  it  is  in  tin  roo&;  but  both  the  horiaontal  and  the  sloping 
Joints  are  ronoed  bj  onlj  OTorlapping  and  bending  the  sheets,  much  as  ahowu 
by  the  fi^n  on  page  1208;  except  that  the  horizontal  Joints  are  bent  or  locked 
together,  and  then  flattened  down  dose^ 

filbeet  lead.    List  of  staiMUupa  mmighim  in  lbs  per  square  foot.    Thick- 
nesses  In  deoimais  of  an  inch. 


Wt. 

Th. 

Wt. 

Th. 

Wu 

Th. 

wu 

Th. 

.196 
.168 

WU 

Tl. 

Wu 

Th. 

S.6 

s 

.041 
.061 

4 
6 

.068 
.066 

6 
1 

.101 
.lit 

8 
9 

10 
IS 

.110 

.sn 

14 
IS 

.XST 

Welfflit  or  Metal  Balls. 

W  »  Weight  of  ballp  in  pounds.    D  =•  Diameter  of  ball,  in  inches. 
liead       »  (700  lbs  per  cub  fi)  W  =  0.212106  D<;  10irW»T.328  5529 +  8  leg  D 
Copper  =»  (550  lbs  per  cub  fl)  W  :=  0.166655  D^ ;  lofr  W  =1.221  8176  +  S  log  D 
BraSNi     =>  (600  lbs  per  cab  ft)  W  =  0.151504  DS;  lOfTW^T  180  4249 +3  log  D 

per  cub  ft)  ^  -  ^^^®®®  ^  J  ^•i^  ^  =^*«^  ^**  +  » "*«  ^ 
Ibepercuba)  W  -  0.136354  D«;  lOfr W «^T.134  6674  +  8 log D 


Steel  and )       ,^k  ik. 
Iron  j 


s;i}-(«o 


For  steel,  wronclit  iron  and  east  iron  baUs,  see  also  tabtos,  po 
876  and  877. 


Ijead  Pipe. 
Standard  Siaea. 


ll 

1' 

WtS  pw  fl  (F) 

•nd  per  red  (R) 

4 

|l 

Wis  per  ft  (P) 

end  per  r«d  (R) 
efW^ri. 

l||r 

li 

•0 

h 

a. 

Ina. 

In*. 

Ins. 

Ins. 

Ins. 

Ins. 

Iw. 

Iw.  , 

H 

.06 

T     A«R 

Il 

.08 

16     SeR 

IH 

.14 

8.5 

8 

S-ISi     9 

<• 

joe 

10     on  P 

M 

.10 

lSft«F 

•• 

.17 

4.S 

•• 

M      11 

•« 

.11 

1     lb  r 

M 

.11 

•• 

.19 

•« 

»•!•  i  M 

•• 

.16 

1H9»V 

•• 

.16 

SH»>F 

«i 

.» 

6.6 

M 

A!":. 

•• 

.10 

1X»*F 

«• 

.90 

8     »eF 

M 

.17 

»H 

H 

.07 

•     A«B 

M 

.» 

SM«»F 

•» 

.1* 

AjlL 

.00 

l<b  V 

«l 

M 

mi 

.17 

** 

M 

.11 

1     lb  7 

1 

.10 

M 

.11 

65 

M 

Si  '  » 

M 

.13 

1M  B«F 

IXIbeP 

•i 

.11 

S      ftsP 

M 

.17 

86 

4 

t-Ts 

17  6 

M 

.16 

M 

.14 

9M«»F 

9 

.15 

4.71 

M 

V 

16 

« 

.19 

S     »eF 

•« 

.17 

SS»*F 

*• 

.18 

M 

5-T6 

11 

M 

M 

8     »eP 

M 

.SI 

4      ftsP 

M 

.» 

•• 

A 

16 

H 

M 

IS      IwB 

M 

.94 

*H^t 

•« 

.« 

*H 

14 

M 

1      ft   P 

•2!« 

.10 

1     Imp 

tH 

8.16 

4 

IS 

M 

M 

IMfteP 

.11 

SKftsF 

•4 

A 

11 

S 

10 

•• 

.16 

S     »eP 

.14 

8      IbsP 

M 

M 

81 

•  • 

.90 

SK  IhiF 

•• 

.16 

mi 

M 

% 

11 

M 

.St 

Si^flMF 

M 

.19 

•« 

.96 

JXBMiP 

II 

.16 

6     »eP 

^  liOad  serviee  pipes  for  single  dwellings  In  Philadelphia  are  usoslly  of  fron 
}4  inch  bore,  wt  1  to  2U  lbs;  to  ^  Inch  bore,  wt  1 W  to  S  ]bs  per  ft  mn,  sceordiiig 
to  head.  They  rareljr  bnrst  from  sudden  closing  of  stopeocks ;  bst  enmeriisiM 
do  so  fh>m  the  freesing  of  the  contained  water. 

*To  wbleb  it  is  bold  by  eopper  eieais;  as  at  Fig  y,  psge  i»a 
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BOIXED  USAB,  COPPEK,  and  BBA0Ss  Sheete 

and  Bars. 

nueknan 

or 

LXAD. 

OOFFBB. 

BRASS. 

Tbieknaa 
or 

StameMr. 

Dlsmetaq 

or  tide. 

ShMta. 

Sqiuuv 

Boaad 

ShMt*, 

SqiiBre 

Bovnd 

Sbeets, 

Sqaaro 

Round 

orslda, 

in 

p«r 

Bart; 

Ban; 

per 

Bars; 

Bars; 

per 

Bars; 

Ban; 

in 

Inohoo. 

Sqaare 
yoot. 

IPook 

I  Foot 

■^ST 

IPooC 

IPoet 

■SiT 

IFoot 

IFoot 

iDOlMi. 

Ions. 

long. 

long. 

long. 

lottg. 

long. 

Lbt. 

Lbfl. 

Lbs. 

LU. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

l.» 

1.88 

.005 

.004 

l.U 

JM 

.003 

IM 

.004 

.003 

1-St 

MS 

8.72 

.019 

.015 

2.89 

.015 

.012 

2.71 

.014 

.011 

1-18 

sn 

6.58 

.044 

.OM 

4.33 

JO* 

.027 

4.06 

.082 

.oa 

8.0 

?« 

7.44 

.078 

.001 

6.77 

.060 

.047 

5.42 

.060 

JHi 

\i« 

9M 

.121 

Mi 

7.20 

jm 

JOU 

6.76 

jom 

.069 

S^18 

11.1 

.174 

.137 

8.68 

.135 

.106 

8.13 

.127 

.100 

Sit 

7-S» 

1S.0 

.837 

.187 

10.1 

.184 

.141 

9.50 

.173 

.136 

7-88 

ii.. 

14.9 

JIO 

.244 

11.6 

.940 

.180 

10.8 

.226 

.177 

^M 

18.8 

.4» 

.881 

14.4 

J76 

.296 

13.6 

.853 

.277 

?^,. 

n.8 

j80e 

.648 

17.8 

.641 

.425 

16.8 

.506 

jm 

?.. 

28.0 

.950 

.748 

20.3 

.736 

.578 

190 

.891 

JU3 

i^.. 

t9.8 

1.24 

.974 

23.1 

.962 

.755 

21.7 

.908 

.708 

g- 

83.6 

1.51 

1.28 

28.0 

1.22 

.955 

24.8 

1.14 

.900 

K 

87.8 

1.94 

1.68 

28.9 

1.60 

1.18 

27.1 

1.41 

1.11 

H, 

ll^W 

40.8 

1.54 

1.84 

31.7 

1.83 

1.43 

29.8 

1.70 

1.84 

iil« 

H 

44.8 

2.79 

2.19 

84.6 

S.16 

1.70 

32.5 

2.08 

1.80 

H^ 

1^16 

484 

8.27 

2.57 

37.5 

2.55 

1.99 

35.2 

2.38 

1.B7 

18-16 

ll!,. 

52.1 

8.80 

2.98 

40.4 

2.94 

2.."J1 

37.9 

2.76 

2.17 

H  ^ 

58.0 

4J7 

8.42 

43.3 

8.88 

2.65 

40.8 

8.18 

2.49 

15-16 

1. 

68.5 

4.90 

8.90 

46.2 

3.85 

3.02 

4.1.3 

8.61 

2.84 

L 

l)tf 

88.9 

827 

4.99 

52.0 

4.87 

3.82 

48.7 

4.57 

3.60 

.U 

ig 

74.4 

7.75 

8.00 

57.7 

6.01 

4.72 

54.2 

5.64 

4.43 

81.8 

9.87 

7.87 

63.6 

7.28 

6.72 

59.6 

6.82 

537 

14 

N 

88.8 

11.8 

8.77 

00.3 

8.65 

6.80 

65.0 

8.12 

6.38 

I7 

S8.7 

18.1 

10.8 

7i>.l 

10.2 

7.98 

70.4 

9.53 

7.49 

14 

N 

104. 

15.2 

11.9 

80.8 

11.8 

9.25 

75.9 

11.1 

8.«8 

IX 

113. 

17  5 

15.7 

866 

1X.5 

10.8 

8I.S 

12.7 

tt.97 

iy 

t. 

119. 

19.8 

16.8 

92J 

15.4 

12.1 

86.7 

14.4 

11.3 

%. 

I  braaa  tabea.    Principal  bImI'    ExJtnm,  in  oents  per  pound, 
•▼er  bwe  prioa    For  base  price,  see  price  UbU 
Copper  tubea,  S  ceoU  per  pound  extnu 


ThiokneBB. 

Outer  Diameter,  incbee. 

Stubs 
gage. 

lof. 

H 

H 

1 

IK 

2 

8 

4 

5 

8 

7 

TH 

4 

0.288 

12 

8 

8 

1 

1 

2 

5 

9 

18 

18 

11 

0.120 

M 

«( 

«« 

** 

•4 

It 

M 

II 

«4 

«« 

M 

0.065 



13 

8 

4 

4 

4 

7 

11 

16 

19 

24 

18 

a040 

40 

15 

9 

8 

6 

7 

11 

15 

19 

23 

28 

SO 

0.086 

4S 

18 

18 

10 

9 

11 

15 

10 

28 

27 

88 

ss 

a0295 

60 

21 

16 

15 

13 

16 

20 

25 

a0880 

65 

28 

22 

24 

....... 
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AverHse  altlmate  tensile  strenirtli  of  Metals. 


The  ultimate  tensile  or  pulling  load  per  squnre  Inch  of  any 
material  is  freqaenUy  called  its  ooiukoU,  co^fReimL  or  wudtdtu  of 
tensioa,  or  of  tensile  strongth. 


Tods 
wq,iu. 


Antimonj,  cast.. 
Bismuth,  cast.. 


Brass,  cast  8  to  13  tons,  saj  18000  to  29000  Ibs.......^........ 

**    wire,  unannealed  or  hard,  SOOOOi    AnDealed « 

Bronxe,  phosphor  wire,  hard,  190000.    Annealed. 

Cop^r,  cast  18000  to  80000 .. 

bolts.  28000  to'SowV.3r.r.!!i.v.rj.\7.r..'!.\\\7^ 

**       wire  (annealed  16  tons) ;  nnannealed... 

Gold,  cast. .............M........ 

"     wir«,  26000  to  80000 — ........... 

Gun  metal  of  copper  and  tin,  23000  to  55000... 

••       ««  cast  Iron,  U.  8.  ordnance,  86000  to  40000.. 

Iron,  cast,  Entrlish 13400  to  22400 ... 

"     ordinary  pig..l3000  to  16000.. 


Americaii  cast  iron  a?eragee  one-fourth  more  than  the  above. 

Average  cast  iron,  when  soand,  stretches  about  .00018 ;  or  1  part 
in  5555  of  ito  length :  or  %  Inch  in  67.9  ft  for  every  ton  of  ten- 
sile strain  per  so  inch,  up  to  iU  elastic  limit,  which  is  at  about 
14  its  break-strain.  The  extent  of  stretching,  liowever,  variea 
much  with  the  quality  of  the  iron ;  as  in  wrouKht^iron. 

Cast)  malleable,  annealed,  18  to  25  tons 

Iron  and  Steel,  rolled.— iiee  pp  751  to  754,1150  to  1156. 

Lead,  cast,  1700  to  2400.. by  author... 

"     wire,  1200  to  1600.    Pipe  1600  to  1700 •'       '*      ... 

Platinum  wire,  annealed,  82000.    Unaniteitled 

Steel  and  Iron,  rolled.— See  pp  751  to  754,1150  to  1166. 

Silver,  cast.. ~ 

Tin,  English  block 

"  wire ~ 

Zinc,  cnst...3000  to  .3700 ;  (the  last  by  author) 


28500 
49000 
68000 
24000 
80000 
S30OO 
60000 
20000 
27500 
S9000 
38000 
17900 
14500 


48160 

2060 

1650 

56000 

41000 
4600 
7000 
8350 


.45 

1.4 
10^ 
22 
28.1 
10.7 
13.4 
14.7 
26.8 

&9 
12.8 
17.4 
17 

8 

6.47 


21.5 

0.92 
0.74 
25 

18.3 
2,0 

ai 

1.5 


Ijwurge  bars  of  metal  bear  less  per  sq  Inch  than  small  ones. 
Iron  bars  re-rolled  eold  have  t«islle  strength  Increased  25  to  50  per 
'it,  with  no  increase  of  density.    They  are  said  to  lose  this  strength  if  reheated. 


The  use  of  lead  In  masonry  Joints.  See  pp  634  and  1213.  Under 
pressures  usually  less  than  the  cnishing  stress  of  the  stone,  the  lead  flows  later- 
ally, and,  by  means  of  iu  friction  with  the  stone,  exerts,  upon  the  latter,  a  tear- 
ing action  normal  to  the  pressure  and  tending  to  split  the  stone  into  prissM 
whose  axes  form  slight  angles  with  the  line  of  presiue.  Thia  of  ooarM  greaUf 
weakens  the  stone. 
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Sheet  lead  is  sometiinee  placed  in  the  Joints  of  stone  eol- 
amns,  with  a  yiew  to  equalize  the  pressure,  and  thuti  increase  the  strength  of 
tiMQolumn.  But  experiments  have  proved  that  the  effect  is  directly  the  reverse, 
and  that  Uie  column  is  malerialiy  weakened  thereby.  See  pp  684  and  1212. 

AToraffe  crnshlnff  load  for  Bletals. 

It  must  be  remembered  that  these  are  the  loads  for  pieces  but  two  or  three 
times  their  least  side  in  heighu  As  the  height  increases,  the  crushing  load 
diminishes. 


Cast  Iron,  usually 

Ilia  luaally  Miumed  ac  100000  lbs, or  ny  46  tons  per  iq  ineb.  lu 
eruliinf  atreogtb  !■  nsaallv  from  6  to  T  tlmea  as  great  as  Its  tensile. 
Wlibin  Us  sTerafe  elastlo  nmU  of  about  16  tons  per  sq  looh,  arerace 
east  iron  sborteoa  about  i  part  In  5666;  or  H  inoh  in  56  ft  under  eaob 
ton  per  sq  inob  of  toad;  or  about  twloe  as  much  as  arersfe  wrought 
iroK.  Henee  at  15  tons  per  sq  Inob  It  wHl  shorten  about  1  part  In  870; 
or  tall  M  ln«h  in  4  ftet.  Diikrent  oast  irons  maj  however  varj  10  to 
15  per  ct  either  way  from  this. 

v.  S.  Ordnance,  or  gun  metal :  Some „ 

Wronsht  Iron,  within  elastic  limit 

Its  elasno  limit  under  pressure  averages  about  IS  tons  per  sq  inob. 
It  begins  to  shorten  peroeptibly  under  8  to  10  tons,  but  rcooTers  when 
the  iMd  la  removed.  With  tnm  18  to  20  tons,  itsbortens  peniiati«H<ljr, 
aboat  ^th  part  of  its  tength ;  and  with  from  27  to  SO  tons,  about  <j^ih 
part,  as  averages.  The  erashlng  weights  therefore  in  the  table  are 
not  tboae  whleb  absolutely  mash  wrought  Imn  entirely  out  of  shape, 
b»  merely  those  at  whioh  it  yields  too  mueh  for  most  praotioal  build- 
ing purposes.  About  4  tons  per  sq  inch  la  considered  its  average  safe 
load.  In  pieoes  not  more  than  10  diams  long ;  and  will  shorten  It  H  ioeh 
In  SO  ft.  average- 
Brass,  reduced  -j^th  part  in  length,  by  61000;  and  \i  by 
Copper,  (cast,)  crumbles 

(wrought)  reduced  Hth  part  in  length,  by 

Tin,  (cast,)  reduced  ^th  in  length,  by  8800 ;  and  %  by 
I^ad,  (cast,)  reduced  U  of  its  length,  by  7000  to  7700.... 
••  By  writer.  A  pleoe  I  ineh  sq,  S  ins  high ,  at  1200  lbs  the  oom' 
l-WOofthehtiataOOO,  1-29;  at  3000,  W;ai 


85000  to  125000 


premion  was  l-M)  of  the  bt  j  at  S( 
6000, 1-S ;  at  7000. 1-2  of  the  bt. 

Spelter  or  ZIne,  (cast.)    By  writer.    A  piece  1  inch 

square,  4  Ins  high,  at  2000 1b«  was  oompres«ed  1-400  of  iU  ht ;  at  4000. 
1-200 :  at  OOOO.  1-100;  at  10000, 1-S8 ;  at  20000,  1-16 ;  at  40000  yielded 
rapidly,  and  broke  into  pleoea* 

Sleel,  224000  flba  or  100  tons  shorten  it  from  .2  to  .4  part. 

*'        American.    Blaek  Diamond  steel- works.  Pituburg,  Peon. 

experiments  by  Lieut  W.  H.  Shook.  U.  B.  V.,  on  pieoes  ^  in 

square :  and  3^  ins,  or  7  sides  long. 

Uatempered.  100100  to  104000 

"        Heated  lo  light  cherry  red,  then  plunged  Into  oil  of  82^  Pah.  f 

17S200  to  190200 186200.. 


Pounds  per 
sq.  inch. 


175000 

22400  to  35840 

29120 


.166000... 
..117000... 
..103000... 
....15500... 
7350... 


Tonsp 
sq.  Ino 


38  to  56 


78.1 
10  to  16 

18 


78.6 
62.2 
46.0 
6.92 
8.28 


Heated  to  light  oberry  red,  then  plunged  into  water  of  70° 
Fab ;  then  tempered  on  a  heated  plate,  325400  to  340800.. . . 

Heated  to  light  oberry  red,  then  plunged  into  water  of  TIP  1 
Faii,276«D0  to  400000 

Elastic  limit,  15  to  27  tons. 


**      Compression,  within  elas  limit  averages  abt 

1  part  In  13900.  or  .1  of  an  inob  In  1 1 1  ft  per  ton  per  sq  ineh ; 
or  .1  of  an  Ineh  in  6.3  ft  under  21  tons  per  sq  inob. 

Best  Steel  knife  edfres,  of  large  R  R  weigh  scales 

are  considered  safe  with  7000  lbs  pres  per  lineal  ineh  of  edge:  and 

solid  cylindrical  steel  rollers  under  bridges,  and 

rolUng  on  »UA  safe  with  V'diam  in  ins  X  3  100  000.  in  lbs  per  lineal 
ineb  of  roller  parallel  to  axis.    Aad  per  the  Mime,  for 


..8S780O.. 
....47040.. 


( 


160.8 

21 


•  wkeeU  rolling  on  wrought  iron,  f^Diam  ina  X  352  000. 
••  ••         "east  Iron,         )/Diam  Ins  X  322  222. 

M  "  "steel,  f/Diam  Ins  XI 300000. 

"  wrougbtlron.  V'DJam  Ins  X  1024000. 


rma  ••  apeetfleaUone  tor 


"  oast  iron,         >^DIam  ins  X  850  O00.,y  GoOQIc 
Iran  Drawbridge  at  Milwaukee,"  by  Don  J.  Wbittemore,  &,  U. 
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8TONE,   ETC. 


Awertkge  ultimate  tensile  strenartlis  of  Atone,  ete. 

The  ttrengihn  in  all  the— 
tablM  nwj  rcMlilj  bcoae-thlrd 
part  mere  or  wn  than  oar 

Poands 
per 

Tons 
per 

Pounds 

Tons 

araracM. 

sq.  inch. 

sq.  ft. 

Marfole,8trong,whltal7.* 

sq. inch. 

•q.  ft 

Brick,  40  to  400 

220 

14.1 

1084 

06.5 

Cmd  stone,  100  to  200 — 

150 

9.7 

'*      CfaMnplidn,YHrie- 

nted* 

«      Gfonn'8ril8,N.Y 

1686 

107.1 

blk,»760tolOB4 

802 

67.4 

«      Montg'y  CO,  Pa, 

gmy  • — 

1176 

75i» 

«           «•      whit©*.,. 

7M 

♦7i 

«       I.ee,MM8,white.* 

876 

6«JS 

Oament    and    concrete, 

"       Mancbeeter,  Vt,* 

Bee    articleA,   Cement 

560  to  800. 

676 

43.4 

and  Concrete. 

"       Tennessee,  rarie- 

Oolites,  IWto  200 

10S4 

06.6 

160 

9.7 

Plaster  Of  Paris,  well  set. 

70 

4.A 

Rope,  Manilla,  beet 

«     hemp,  best 

Sandstone,  Ohio* 

12000 

771 

Glass.  2500  to  9000 

6750 

960.6 

160U0 

906 

Glue  holds  wood  together 

105 

6.76 

with  from  800  to  aOO... 

550 

85 

Picton,  N.  8.* 

4SI 

8r.ft 

Horn,  ox 

9000 

679 

Conn,  red.*-- 

600 

S7.0 

iTorr .........  — 

Leather  belts,    1500  to 

16000 

1029 

Slate,  I^hlgh*. 

2476 

160.1 

-      Peach  b<.rm,»»M6 

5000.    Grood 

8000 

193 

to  4600- 

S812 
900 

24.S.1 

MorUr,  common,  6  mos 

Stone,  Ransome*s  artlf.... 

VfJH 

old,  10  U>  20 

15 

.96 

7600  1480 

Sttf* 


tbe  iuitkor*»  trials  with  oda  of  Btohlfa  teatlng  machinw    Fcctaot^a 
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K7A\^«fl.     jajivi. 


VKimAto  nwwmg^  crmhlnir  ImmIb  in  tons,  per  sonarQ 
W^mU  for  stones,  4te.  The  stones  are  supposed  to  be  on  brd,  and  the  heights 
of  all  to  be  flrom  1.5  to  2  times  the  least  side.  Stones  generally  iiv<Kln  to  crack  or 
split  under  about  one-half  of  their  crushing  loads.  In  practice,  neuher  stone  nor 
brickwork  should  be  trusted  with  more  than  >^  to  -j^th  of  the  crushing  load,  ao- 
oordinff  to  circumstances.  When  tboi^nfcbly  wet  some  absorbent  sand- 
stones lose  fully  half  their  strength. 


1  ton  (2240  lbs.)  per 

sq.  ft  -  15.55  lbs. 

per  sq.  inch. 


Granites  and  Syenites. 

Basalt 

Limestones  and  Mar- 
bles*  

Oolites,  good.......... 

Brownstone : 
Connecticut — 
"Bulldlnff" 


900  to  1200 


x  Bridge'^ 


Brick*. 

Brickwork,   ordinary, 
cracks  with* 

Brickwork,  good,  in  ce- 
ment*  

Brickwork,   first-rate, 
in  cement 

Slate 

Caen  Stone- 

»*  '    "     to  crack. 

Chalk,  hard 

Plaster  of  Paris,  1  day 
old 


Tons  per 
sq.  n. 


Mean. 
Tons. 


250  to  1000 
100  to2S0 


570  to  970 
400  to  6:)0 

40to  80( 

20  to  80 

80  to   40 

50  to   70 

400  to  800 

70  to  200 


20   to   30 


750 
700 


176 

775 
635 

170 

26 

85 


000 
135 
70 
25 


J 


40 


Iton  (2240  lbs.)  per 

sq.  fU  -  15.56  lbs. 

per  sq.  inch. 


75  to  150 
15  to  80 


Gement,   Portland, 

neat,U.  S.  or  foreign, 

7  days  In  water 

Common  U.S.cementa, 

neat,  7  days  In  water 
C^onereieof  Porl 

cement,    sand,  and 

gravel  or  brok  stone 

in  theproper  propor- 

tions.rammea  1  m  old    1 2  to  18 

6  months  old I  48  to  72 

74  to  120 


Tons  per 
sq.ft. 


Mean. 
Tons. 


112.5 
22.6 


16 
00 
97 


12  months  old.. 
Withgoodc 
byd     eementn, 

abt  .2  to  .25  as  much 
€olvnet  beton,  8 

months  old 100tol50     120 

Rabble     masonry,! 

mortar,  rough I  15  to  35        25 

Glass,green,crown  and* 

flint ;i300to2300    180C 

or  8  times  that  of  granite 
Ice,firmt I  12  to  18  |    15 

Cmshlnir  beiirbi  of  Brick  and  Stone. 

If  we  assume  the  wt  of  ordinary  brickwork  at  112 1U  per  cub  ft,  and  that  It  would 
crash  under  SO  tons  per  sq  ft,  tb«n  a  yert  uniform  column  or  It  600  ft  high,  would 
crush  at  Its  base,  under  ito  own  wt.  Caen  atone,  weighing  130  lbs  per  cub  ft,  would 
require  a  column  1376  ft  high  to  crush  it.  ATorage  sandMtoues  at  146  lbs  per  cub  ft, 
would  require  one  4168  ft  high;  and  aTerage  granites,  at  166  lbs  per  cub  ft,  one 
of  8146  feet.  But  stones  begin  to  crack  and  splinter  at  about  half  their  ultlmatv 
crushing  load ;  and  in  practice  it  is  not  considered  expedient  to  trust  them  with  more 
than  l^th  to  ^th  part  of  it,  especially  In  important  works;  inasmuch  as  settlements, 
and  fmperfect  workmanship,  often  cause  undue  strains  to  be  thrown  on  certain 
parts. 

The  Merchants'  shot-tower  at  Baltimore  Is  216  ft  high ;  and  its  base  sustains  , 
tons  per  sq  ft.  The  base  of  the  granite  pier  of  Saltash  bridge,  (by  Brunei,)  of  BoIi( 
masonry  to  the  height  of  96  ft,  and  supporting  the  ends  of  two  iron  spans  of  466  ft 
eacli,  sustains  9\4  tons  per  sq  ft.  The  base  of  a  brick  chimney  at  Glasgow,  Scotland, 
468  ft  high,  bears  9  tons  per  sq  ft ;  and  Professor  Ranklne  considers  that  in  a  bigli 

gile  of  wind,  its  leeward  side  may  hare  to  bear  15  tons.  The  liighest  pier  of  Rocque- 
Tour  stone  aqueduct,  Marseilles,  is  305  ft,  and  sustains  a  pressure  at  base  of  13^ 
tons  per  sq  ft. 

•  Trials  »t  St.  I<onis  bridir««  hy  order  of'Capt  James  B.  Bads,  a  B, 

»ht*«M>  tti»t  aawu  UMgiMMiaa  linieston*  did  not  yield  ander  lea«  (ban  1  i  00  ton*  per  aq  ft.    A  eolnmo 
8  las  high,  t  loa  dum,  ihoruaed  OA>'K  ln'>h  aodar  prmnre:  and  r«eoT«r«d  when  relicTcd. 


one        / 

tat»  / 

tore  /   / 

Dts,  I 

taia  y^ 

6U     N 


Experiments  made  witb  tbe  Oowi  testlnar  maebine  ai  Water* 
town.  Mans,  tHHft-H^  gare  1400  tons  per  sq  ft  nltmiste  crnsbg  load  for  white 
aod  biM  marbto  from  Lea.  MaM.  YOO  for  bine  marMe  from  Montganery  Co.  Pa.  980  for  Ilaattoaafroa 
Cooebahoekev.  Pa,  600  for  llneatmie  from  Indiana,  840  for  rod  Madstooe  ftrom  Hummel«k»wB,  Pa, 
no  to  1000  fbr  Tallow  Oblo  nadntone ;  Pblla  brleks,  flatwise;  bard,  maehinc-mada,  860  to  700  tensi 
bud-made.  700  to  1800 1  prMaed.  maebiae-made,  460  to  680 1  Briokwork  eolomns.  18  las  aa  and  IS  Ih 
hlgb:  lallma.lOOtons;lBoemeat.l&0.  .     _ 

r  IxperiBNBM  bf  Ool.  Wm.  Lodlow. O.  B.  A.,  wItb  Qon  tasting  aaabiita^ni  1«. gave fkeai H 
toMtoBspersttftftMrpara,  baidles;  aadieto  eatoasfbrlnlbrtar  gradaa.  tbe  ap«fina«aal 
lt-taehoJM)eoBpnsssdHwStMhb— 
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STOBTE  BEAMS. 

Table  of  safe  qnleseent  extmneonn  loads  for  beams  of  gss< 
bonding'  grranite  one  inch  broad,  supported  at  both  ends,  and  loaded  at  the 
center;  aMraming  the  safe  load  to  be  one-tenth  of  the  breaking  one;  and  the  latter 
to  be  100  Iba  for  a  beam  1  inch  square,  and  1  fbot  clear  span.  The  half  weight  of 
the  beams  thamselTee  is  here  already  deducted  at  170 

lbs  per  cub  fL 


i 

JB 

CSLXAB  8PAK8  IN  FBBT 

1 

9 

> 

1 

6 

. 

T 

. 

» 

18 

U 

96 

1 

Bate  oenter  loada  in  poonda. 

10 

6 

40 

SO 

IS 

10 

•0 

46 

89 

81 

17 

160 

79 

68 

89 

81 

86 

81 

S60 

184 

88 

61 

48 

40 

84 

860 

179 

119 

89 

70 

66 

48 

48 

98 

4M 

844 

168 

180 

96 

W 

67 

66 

46 

96 

87 

16 

6» 

819 

818 

166 

186 

104 

88 

76 

99 

47 

66 

89 

10 

800 

499 

SSI 

848 

197 

168 

189 

190 

94 

16 

68 

m 

IS 

14S» 

718 

478 

867 

884 

896 

801 

174 

187 

111 

85 

» 

14 

1960 

978 

650 

487 

888 

838 

874 

888 

18B 

168 

118 

« 

16 

8SS0 

1878 

860 

686 

607 

411 

889 

811 

916 

801 

167 

M» 

18 

8180 

1618 

ion 

806 

6tt 

664 

466 

896 

SIS 

857 

ISO 

141 

» 

1996 

1889 

995 

794 

660 

668 

490 

888 

819 

919 

11« 

n 

4889 

1417 

1600 

1805 

961 

8D0 

688 

694 

470 

887 

803 

lie  1 

24 

6758 

isn 

1916 

1434 

1146 

961 

818 

108 

501 

468 

868 

960  • 

17 

7888 

8648 

2425 

1815 

1460 

1905 

1060 

898 

713 

686 

468 

.998  t 

SO 

8806 

4486 

3906 

81M 

1791 

1489 

1878 

1110 

888 

19 

678 

416 

ss 

10886 

6441 

3634 

1714 

8168 

1808 

1548 

1846 

1069 

888 

606 

605 

96 

18966 

6476 

4S14 

8881 

8581 

8147 

1886 

1606 

1176 

1654 

888 

«6 
1 

If  nBilfbarmlj  distribnted  over  the  clear  spaas,  the  safe  eztraneoos 
loads  will  be  twice  as  great  as  those  in  the  table. 
For  good  slate  obi  bed  the  safe  loads  may  be  taken  at  about  3  timea;  for 

!rood  sandstone  on  bed  at  about  one-half:  and  for  fpood  marble  or 
imestoue  on  bed  at  about  the  same  a*  tbooe  m  the  table. 


CI«AT.    SpeeilleClsrawlty^.* 

The  specific  gravity  of  the  minerals  (chiefly  alumina  silieatee)  oompooins 
.iay,  ranges  ordinanly  between  2.5  and  3 ;  that  of  the  solid  portions  of 
clays  between  2.3  and  2.9.  f 

But  the  specific  gravity  of  clay,  eontidered  a»  o  pormu  mcteriai,  vmries 
between  much  wider  limits,  being  affected  by  its  porosity,  the  quantity  of 
water  contained,  etc.  See  p.  211,  mil  to  13.  Thus,  we  find  given  valnee 
from  1.66  to  2.64;  t  clay  with  gravel.  2.48  ;|  potter's  clay  1.8  to  2.1 ;  dry 
clay,  in  lumps,  loose.  1.0. 

♦  See  "  aays,"  by  HeiYirich  Ries,  New  York,  John  Wiky  &  Sons.  1Q06. 

tNew  Jersey  Geol.  Surv.  Fmal  report,  1904.  Vol.  VI.  p.  114 ;  Iowa  GeoL 
Surv.  1904,  Vol.  XIV,  p.  116. 

t  New  Jersey  Geol.  Surv.  Report  on  CUys,  1878 ;  Missouri  Geol.  Bvar. 
1896,  Vol.  XI,  pp.  562  etc.;  Penna.  Second  (leol.  Surv.  Vol.  B,  p.  3. 

I L.  M.  Haupt,  Engineerinc  Specifications  and  Ckmtracts. 
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MOBTAB;  BBIOKS,  &o. 

lillUB  MORTAR. 

Art.  1.  Hortar.  The  proportion  of  1  measure  of  quicklime,  either  in  Ir- 
regular lumps,  or  ground,  and  5  measures  of  sand,  is  about  the  arerage  used  for 
common  mortar,  by  good  builders  in  our  principal  Atlantic  cities;  and  if  both 
materials  are  good,  and  well  mixed  lor  tempered)  with  clean  water,  the  mortar  is 
certainly  as  good  as  can  be  desired  for  such  ordinary  purposes  as  require  no  addi- 
tion of  hydraulic  cement.  The  bulk  of  the  mixed  mortar  will  usually  exceed  that 
of  the  dry  loose  sand  alone  about  %  part. 

<|uian(lt]r  reqol  red.  20  cub  ft,  or  16  struck  bushels  of  sand,  and  4  cub  ft,  or 

B.S  ■urnck  boslMM  of  qmokniB*.  the  meuorea  slightly  shaken  In  both  a%am,  will  mnke  mbt  t2H  onb  ft  of 
morur ;  luOoleBt  to  laj  1000  brteks  of  1I10  ordioanr  nrermft  tiae  of  834  by  4  bj  S  ins,  with  the  oonrM 
■ortar  Joint*  nsnml  in  interior  houe*<walle,  runiug  amj  tnm  H  to  H  ioa^-  With  eaeh  Joinu,  lOOi 
snoh  brteks  mnke  3  euMo  jsrd*  of  mnsalTO  wort.  Nearly  ono-ihird  of  the  nass  is  mortar.  For 
Mitslde  or  showing  Joints,  where  a  whiter  and  neater  looking  norUr  is  required,  house>biilldera  in* 
ereaae  tbe  proportion  of  Hme  to  1  in  4,  or  1  in  S.  For  mortar  of  fine  sorceoed  gravel,  for  oellar-walls 
of  itoaa  rabble,  o^  oearse  brickwork.  1  measora  of  lime  to  6  or  8  of  gravel,  is  usual ;  and  the  mortar 
la  good.  In  aTOrage  rough  aaaslTO  nibble,  as  in  the  foregoing  brickwork,  about  one-third  the  mass  is 
4ortar :  oonsoqoonUy  a  ooblo  yard  will  require  about  as  mneh  as  SOO  such  brioks ;  or  10  eubio  feet.  (8 
Jlraek  boshels)  of  sand ;  and  t  eub  ft.  or  1.6  bushels  of  quicklime.  Superior,  well-seabbled  rubble, 
onrenilly  laid,  will  oontala  but  about  -^  «r  ita  bnlk  of  mortar ;  or  byi  cub  ft  sand,  and  1.1  cub  ft  lime, 
per  cub  yard. 

For  public  engineering  works,  especially  in  masaire  ones,  or  where  exposed  to  dossfmess.  an  addi. 
tion  should  be  made  in  either  of  the  foregoing  mortars,  of  a  quantity  of  good  hyd 


cement*  equal  to  about  ^  of  the  lime ;  or  still  better.  %  of  the  lime  should  be 
omitted,  and  an  equal  measure  ofeemeot  be  substituted  for  it.  If  exposed  to  water  while 
%Blte  aeWf  ow  i'ttle  or  00  lime  outside. 

With  bncks  of  8^^  by  4  by  2  ins,  the  following  are  the  qaauUCIefi  of  mor* 
tar  »nd  of  briekii  for  a  cable  yard  of  masnive  work. 


In  eetimating  for  bricks  in  massire  work,  allow  9  or  8  per  ct  for  waste  \ 

and  in  common  buildings,  6  per  ot,  or  more.  Mneh  of  the  waste  Is  incurred  In  euttlng  bricks  to  lit 
angles,  Ae.  In  Philadelphia  a  barrel  of  lump  lime  is  allowed  for  1000  brioks ;  or  fbr  2  perches  (36  eub 
ft  esob)  of  rough  eellar-wall  rubble.  Somewhat  leas  morUr  per  1000  is  oonulncd  in  thin  walls,  than 
in  massive  engineering  structures ;  because  the  former  have  proportionally  more  outside  fkoe,  which 
doea  not  require  to  be  covered  with  morUr ;  but  thin  walls  involve  more  waste  while  building;  so  that 
both  require  about  tbe  same  quantitv  of  materials  to  be  provided.  Careftal  experiments  show  that 
mortar  oeoomes  harder,  and  more  adhesive  to  brick  or  stoue,  if  the  proportion  of  lime  is  increased. 
Ileooe,  on  our  public  works  the  propordou  of  one  measure  of  quicklime  to  3  of  sand.  Is  usually  spec- 
iflcd.  but  probably  never  used. 

liime  is  usually  sold  In  lump,  by  tlie  barrel,  of  about  280  lbs  net, 
ur  250  ^  gross.  A  heaped  Imshel  of  lump  flme  averages  about  7S  lbs.  Oroand  «DlckItme, 
loose,  averages  about  70  lbs  per  struck  bushel ;  and  3  bushels  loose  Junt  fill  a  common  flour  barrel ;  but 
fhmi  $A  to  8.76  boshels,  or  345  to  S80  fts  can  readily  be  compacted  into  a  barrel. 

-  "  ■  nd  llii 


<\ 


portion  o 
lias  been 


General  remarks  on  mortar  and  lime.    On  too  great  a  pro- 

^Jon  of  our  pnblie  works,  the  oommoo  lime  mortar  may  be  seen  to  be  rotten  and  useless,  where  it 
been  exposed  to  moisture ;  which  will  be  carried  by  the  eapillarj-  action  of  earth  to  several  feet 
above  tbe  natural  surface:  or  as  far  below  the  artifleial  surface  of  embankments  deposited  behind 
ab«tmenta,  retaining-walls,  4o.  The  same  will  frequently  be  seen  in  the  sofllt«  of  arebes  under  em- 
iMakmenta.  CboMnon  Ume  mortar,  tku*  0xyo*0d  to  eonttant  mo^afwre,  will  ntver  harden  proper^f. 
Even  when  very  old  and  hard,  it  absorbs  water  freely.    Cemtnt  aUo  dot*  so,  h*t  hardtna. 

Briekdust,  or  burnt  clay,  improves  common  mortar ;  and  makes  it  h  vdraulic 

In  localities  where  sand  oannot  be  obtained,  burnt  clay,  ground,  mv  M  substituted ;  ana  will  gen- 
erally  give  a  better  mortar. 

Protection  of  q  nick II me  from  molstnre,  even  that  of  the  air,  li 
absolutdy  esseotial,  otherwise  it  undergoes  the  process  of  air-slacklniT*  oi 
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■poatMMOos  daektiig.  bj  wbtali  ft  Imombm  rednoed  to  po«d«r  i 

Irat  without  tiwUnf .  ud  with  but  Uttle  •weHiag .    Ai  tUa  mlr  aU ^     , 

A  jfr  or  more,  depending  on  quality  and  ezpoesra.  It  gtvea  the  Ume  tloM  to  abaorb  avflMeat  eftrtaale 
acid  flrom  the  air  to  injure  or  destroV  its  efficacf.    But  qaleklime  will  keep 

^  « . ^. "  flrrt  f '        •  ^' "      -•-- ^  '-  -«--'  •^- 

nrafrw 

•I  It  la 

two  (or  evea  aaveral)  proteeted  from  rata.  aua.  aad  dnsU 

lilme  slacked  in  irr«»t  balk  may  char  or  e?en  set  fin  to  wood. 

lilme  paste  and  mortar  will  keep  Air  jears,  and  ImpioTe.  if  well 

buried  In  the  earth.    Alao  fbr  moatha  if  merely  ODTorod  la  hMpe  aader  alwltar.  wtth  a  thkk  Iqrar  at 


•rood  for  a  lonir  time  If  first  ground,  and  then  well  packed  in  aip-t%ht 
aarrda.  The  sriadlng  alao  broaka  dowa  refraeioTT  partkriea  fbaad  la  all  itaiea.  and  wtUk  l^atc  tt« 
mortar  1^  not  alaekiag  ontll  it  baa  been  made  and  aaad.  For  the  aaaae  reaaon  It  la  bettor  chat  Ume 
"      '  be  made  lato  BMHtar  aa  aooa  aa  It  la  alaeked,  bat  be  allowed  to  remain  alaekad  llor  a  day  or 


and.    The  paste  shrinu  aoa  oraoks  lo  drying ;  bat  the  aaad  In  ■ ^ 

As  approxliBate  averasres  Farying  much  aoconling  to  the  cfaaiaeter  mod 
iegrw  or  boralng of  the  llmeatoM;  aBtTto  the  flaaneaa  or  cearaeaeee  of  the  aaad, oaa  meaaaiaeC 
good  qalokllma,  either  la  lamp,  or  greand :  If  vet  with  abeat  H  a  meaaare  of  water,  win  wltkta  lean 
than  an  hoar,  alaoli  M  abeat  S  measnrm  oTdir  powder.  Aad  tr  to  thla  powder  ttam  be  added  ahaat 
H  more  iMaaarea  of  water,  and  8  maasarea  of  diy  aaad,  aad  the  whole  thoro^hly  mlaad,  tka  laaait 
will  be  aboatSM  laeaaarae  of  mortar.  Or  the  aama  ala^ed  dry  potnler,  with  aboat  1  miaaani  of 
water,  and  6  meaaarea  of  aaad,  wUi  make  aboat  iH  meaanrea  of  mortor.  la  both  eaaae  tka  bfslk  of 
the  mortar  will  be  aboat  H  part  greater  thaa  that  of  the  dry  aaad  aloae.  if  M  of  a  miaaam  of  water 
be  aaed  fbr  alasklag.  the  reealt.  taatead  of  a  dry  powder,  will  be  aboat  IM  meaaarea  of  attrpaato;  er 
with  1  whole  Bieaaara  or  water  for  eiantlng.  the  rcsalt  wlU  be  aboat  1^  meaaarea  of  thla  paaia.  of 
about  the  proper  ooaalateaee  for  mixing  with  the  aaad.  Tery  pare./Bl  llmea,  alaokqatoUy,  aad  make 
aboat  from  S  to  S  nMaaoree  of  powder;  while  poor,  meagre  ooea,  reqalre  men  Uma,  and  awail  lean 
Slow  alaekiag,  aad  amall  awellln^  In  oaee  the  lime  baa  beea  properly  bamt,  are  net  la  general  bad 
p«pertlw;  bat  on  the  oontrary.  oaaally  Indloatt  that  It  la  to  aoaw  exteat  hydraaUa.  fathiaaasett 
makea  a  better  mortar ;  eapeoially  ter  works  erpoeed  to  aiolBtare^  or  to  the  weather.  YorrmiialtaBn 
antheworetoraUlbranehezpeourea;  or  are  bad  weaCterltaMo;  and  la  impertaat  watte,  akeaM 
oafw  ba  aaed  without  camant. 

Skell  lime  appears  to  be  abont  the  same  as  that  ftom  the  purest  linestoiice: 

tat  that  from  ehalk  la  atiU  more  Inferior,  aad  will  not  bear  mora  thaa  about  IX  measatca  of  eaad ; 
''I  mortor  aerer  beoomee  ▼err  hard,  lladr^orea  (eommoaly  ealled  ooral)  appear  to  ruralah  a  Hma 
'  Boe  of  ehatk  aad  limeatoae.    Thay  require  to  be  bat  aioderai 


Tbe  aTeraye  welirht  of  common  hardened  mortar  is  abont  106  to  115  lbs 

pereubft. 

Oront  is  merely  common  mortar  made  so  thin  as  to  flow  almost  like  cream. 
It  la  Intended  to  fill  Interatioce  left  in  the  mortar-jolnte  of  rough  masoary:  bat  aaleoa  U  eeotalaa  a 
large  amount  of  oemeat,  it  la  probably  entirely  worthleea ;  elaoe  the  great  qaaatlty  of  water  ii^area 
the  properUee  of  lime ;  and  moreover,  lu  lagi«dlanto  eeparato  from  eaoh  other ;  the  aaad  aecttlag  be- 
low the  lime.  Beatdea  thla.  It  will  never  hardaa  thoroeghly  la  the  lataiier  of  thlok  mawea  of  ma- 
soary ;  Indeed,  the  aame  may  probably  bo  aald  of  aay  eosuaoa  lima  mortar.  la  auah  poaltloas,  ii  has 
been  fbund  to  be  perflwtly  aoft,  after  the  lapee  of  maay  yeara. 

Both  the  sand  and  the  water  for  lime  mortar,  should  be  firee  ffk^m  elajr  amd 

salt.    The  clajr  maj  be  remoTed  hj  thorough  washing;  but  it  is  extremelj  di£ 

fleult  to  get  rid  jf  the  aalt  from  aeaabora  aaad,  even  by  repeated  waahlaga.    Kaoogh  will  grnaraBy 

remain  to  keep  the  work  damp,  aad  to  prodooe  eOloreaeenoea  of  altre  en  the  aarCbee ;  whether  wldh 

iaie,  or  with  oemeat  mortor.    Slaeking  by  aalt  water  girea  leaa  paste  thaa  ftaah. 

Mortor  ahould  not  be  mixed  upon  the  aurfboe  of  elavuy  groaud ;  but  a  roagh  board,  briek.  er  aieaa 

atfbrm  ahould  be  Interaoaad.    Pit  aaad  aiftediktm  doMapeeed  gnetoa.  aad  other  allied  rooka.  Is  ex- 

Heat  far  mortar;  Ite  sharp  angiea  making  with  the  Ilaae  a  smto  oohereat  maaa  thaa  tha  romaded 

ah»  of  rirer  or  aea  aaad.    Mortar  ahould  be  applied  wetter  la  hot  thaa  la  ooM  weathor ;  MpeelaBy 

brlokworki  otherwlae  the  water  la  too  moeh  aheorbed  by  tha  maaenry,  and  ths  saortar  to  tkatabr 

farad. 

The  tenaeitj,  or  eobesi we  strenvtli*  that  Is,  the  resistance  to  a  pull 

Jt  good  oommon  Hate  aiortar  of  the  usual  proportloaa  of  Itaie  and  aaad,  aad  6  moaths  old,  to  abaat 
>oml5toMIbaperaqlneh;  or  .90  to  1.9  tone  per  eq  ft.  With  len  eaad,  or  with  greater  agSb  U  will 
be  atronger. 


Tlie  emshinir  streiiirtli  of  good  common  mortar  6  months  old  kftom  IM 

to 800 Iba per  aqiaoh,  or 9.7  to  19J  loaa  par aq  Ibot, 

Tke  slldiniir  resistanee,  or  that  which  common  mortar  oppceea  to  any 

Ibree  leading  to  make  one  oooraeof  masoiiTy  tfldaapen  aoMMf,  lo  aatad  by  Readalet.  to  ba  hat  a  Ba 
per  aq  Inoh ;  or  aboat  one  third  of  a  tea  per  aq  fl.  la  OMtrtor  6  mootha  eld. 

Transwerse  strenirtb  of  good  eommoo  moftar  6  months  oUL   A  bsr  I 

Ineb  aqaare  aad  IS  tna  elear  apao,  breake  with  a  eeater  load  of  4  to  B  Bo. 

Tbe  lime  in  mortar  decays  wood  rapidly,  espedaay  in  close, 

damp  Bitaatfons.  SUIl  the  soaklag  of  timber  fbr  a  week  or  two  to  a  eolatlea  of  qulfdtHme  la  water 
appeara  to  aet  aa  a  preaerratire.  !«••■,  ao  oompletoly  embedded  to  mortar  aa  to  emada  air  and 
naelatare.  baa  beea  found  perftet  after  1400  yean;  bat  If  the  mortar  admltomalsfiw  the  baa  dseaya. 
So,  prsbably,  with  other  matals. 

Tke  adbesian  ta  i 

will  STarage  aboat  K  sT  t 

aqftatdaM  _  

balbre  laylag  It,  or  by  sprinkling  the  stone  by  a  lMeet4to.  tha  aAnsbi 

•raased.    Oa  the  other  hand,  maoh  dnst  may  Blasost  pravoat  aay  sdhMion  at  aO.   Thep 
wetting  Is  eapeoiall  V  neeessarr  la  very  hot  weather,  to  pcaveat  tha 


age  will  aTorage  aboat  K  or  the  00 

.75  to  1.5  ton  per  oq  a  at  6  amnths 

briek  Into  wslar  balbra  layiag  It,  i 

•raased.    Oa  the  other  hand,  maol 

wetting  Is  espsoially  neeeesary  la  very  hot  weather,  to  pcaveat  tl 

!■«  the  pnlai'  by  the  rapid  abeoffptloa  and  evsjinitolna  of  Ite 

inrwthiiMwiif  aisi  JHda.  or  to  smoothly TKassdcraww 
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BRICKS. 

Art.  2.  Brickfl,  sUe,  weislit,  Ac  A  brick  8.25  X  4  X  2  Ins  containj 
06  cub  Ins :  or  26.2  bricks  to  a  cub  il ;  or  707  bricks  to  a  cub  yard. 

In  ordering  a  large  number,  a  mlulmuui  limit  of  dimension  sbould  be  specified, 
Iq  order  to  prerent  fraud.  A  brick  ^  inch  less  each  way  than  the  above,  cou- 
tains  but  62.6  cab  ins ;  thus  requiring  full  25  per  cent  more  bricks  to  do  the  same 
work,  and  26  per  ct  more  cost  lor  laying,  which  is  generally  paid  by  the  1000. 

The  welffht  of  a  good  common  brick,  &25  X  4  X  2  ius,  will  arerage  about 
4.6  Ibe ;  or  118  lbs  per  cub  ft  »  8186  lbs  or  1.42  tons  per  cub  yard ;  or  2.01  tons  per 
1000.  A  good  pressed  brick  of  the  same  size  will  arerage  about  6  flbs,  «  131  lbs 
per  enb  ft  =>  8587  flbs  or  1.58  tons  per  cub  yd ;  or  2.23  tons  per  1000.  Since  the 
weight  of  hardened  mortar  aTerages  but  little  less  than  that  of  good  common 
briok,  we  may  for  ordinary  calculations  assume  the  wel^l^t  of  brickwork, 
with  oommoa  bricks,  at  1.4  tons  per  cub  yard,  or  116  lbs  per  cub  ft ;  and,  with 
pressed  brick,  at  1.56  tons  per  cub  yd,  or  129  lbs  per  cub  ft. 

In  w»t«r,  either  brick  will  in  a  few  minutes  absorb  from  ^  to  ^  lb  of 
water:  or  0.1  to  one-eerenth  of  the  weight  of  a  pressed  brick,  or  ^  to  one-third 
of  its  bulk. 

Manaber  of  brioks  8K  X  4  X  a,  required  per  sq  foot  of  wall,  allow- 
ing for  the  usual  waste  in  euttlng  bricks  to  fit  corners,  Jambs,  Ac.: 

Wall  8V<in8,orl     brick  ....14  bricks  I   Wall  21^  1°b,  or  2^  brick„...85  bricks 
»*    12?2   "    orlU     "    ....21      "  "    2^   "    or8         "    ....42      " 

"    17       "    or  2        "     ...J»      «* 


lAjriniP,  per  day.  A  bricklayer,  with  a  laborer  to  keep  him  supplied  with 
_jiaterials,  will,  in  common  bouse  walls,  lay  on  an  arerage  about  1500  bricks  per 
day  of  10  working  hours.   In  the  neater  outer  fiices  of  back  buildings,  from  1000 


to  1200;  In  good  ordinary  street  fronts,  800  to  1000;  or  of  the  Terr  finest  lower 
story  fkces  used  in  street  fronts,  from  160  to  800,  depending  on  the  number  of 
angles,  Ac.  In  plain  massiye  engineering  work,  he  should  arerage  about  2000 
per  day,  or  4  cub  yds ;  and  in  large  arches,  about  1500,  or  8  cub  yds. 

Since  bricks  shrink  about  A  part  of  each  dimension  in  drying  and  burning, 
the  moulds  should  be  about  f^  part  larger  each  way  tlian  the  burnt  brick  Is 
intended  to  be.    Good  well-burnt  bricks  will  rins  when  two  are  struck  together. 

At  the  brick-yards  about  Philadelphia,  a  brick-moulder's  work  Is  2833  cricks 
per  day ;  or  14000  per  week.  He  is  assisted  by  two  boys,  one  of  whom  supplies 
the  prepared  clay,  moulding  sand,  and  water ;  while  the  other  carries  away  the 
bricks  as  they  are  moulded.  A  fourth  person  arranges  Uiem  in  rows  for  drving. 
Alwut  ^  of  a  oord,  or  96  cub  ft  of  wood,  is  allowed  p«r  1000  for  burning.  Where 
coal  is  used,  the  kilns  are  fired  up  with  anthracite,  and  the  finishing  is  done  with 
bituminous.    One  ton  of  ooal.  In  ally  makes  4500  bricks. 

For  pawliiir  ■idewniks  the  bricks  are  laid  on  i 
which  should  be  free  from  day,  and  well  consolidated. 
X  2  Ins,  with  Joints  from  H  to  ^  inch  wide,  a  square  . 
88  bricks;  edgewise,  73;  endwitie,  149.    An  average  workman, 

supply  the  bricks  and  grayel,  will  in  10  hours  lav  about  2000  bi , 

flat,  27  edgewise,  13  endwise.    When  done,  sand  is  brushed  into  the  Joints. 

Art.  8.  The  enuibioir  atrengrth  of  bricks  of  course  varies  greatly. 
A  rather  soft  one  will  crush  under  from  450  to  600  lbs  per  sq  Inch ;  or  aoout  80 
to  40  tons  per  sq  ft ;  while  a  first-rate  machine-pressed  one  will  require  about  200 
to  400  tons  per  sq  ft,  or  about  the  crushing  limit  of  the  best  sandstone;  two- 


tliirds  that  of  the  best  marbles  or  limestones;  or  >^  that  of  the  best  granites, 
or  roofing  slates.  But  masses  of  brickwork  crush  under  much  smaller  loads 
than  single  bricks.  In  some  English  experiments,  small  cubical  masses,  only 
9  inches  on  each  edge,  laid  In  cement,  crushed  under  27  to  40  tons  per  sq  ft. 
Others,  with  piers  9  ins  square,  and  2  ft  8  ins  high,  in  cement,  only  two  aays 
after  being  built,  required  44  to  62  tons  per  sq  ft  to  crush  them.  Another, 
of  pressed  orick,  in  best  Portland  cement,  is  said  to  have  withstood  202  tons 
per  sq  ft;  and  with  common  lime  mortar  only  V  as  much. 
It  must,  however,  be  remembered,  that  cracking  and  splitting  usually  com- 
)  under  about  one-half  the  crushins  loads.    To  be  safe,  the  load  should  not 


exceed  %  of  the  crushing  one ;  and  so  with  stone.  Moreover,  these  experiments 
were  raaiie  upon  low  masses ;  and  the  strength  decreases  with  the  proportion 
of  the  height  to  the  thickness. 

The  pressure  at  the  base  of  a  brick  shotrtower  In  Baltimore,  246  feet  high,  Is 
estimated  at  6^  tons  per  sq  ft;  and  In  a  brick  chimney  at  Glasgow,  Scotland, 
468  feet  high,  at  9  tons.  Professor  Rankine  calculates  that  in  heavy  galea  this  ia 
l«c«M«l  to  16  toi-,  on  th.  te.w«d  .Id..  ^^^^^^^  ,,^OOgle 


with  our  preMat  Imptrflaet  knowMft  on  this  raltfaet.  It  cannot  b«  eoB«14«rcd  nfl»  i«  expMO  «Tcn 
flrrt-cUM  PTMMd  briekworfc.  in  eiwrt,  to  awro  Uian  12  or  16  torn  per  iq  fi;  or  (ood  kand-nouUcil, 
to  mora  than  tvo-thlidi  m  ainohT  *~  -n     »      •  --^ 

Tensile  strenirtli  of  brick,  40  to  400  lbs  per  sq  inch ;  or  2.6  to  26  tons  per  aq  it 

Tbe  Enirlifili  rod  of  brick  work  is  806  cub  feet  or  llUcub  jaidt:  and 
reqalra*  about  4500  bHeka  of  the  Bngllab  standard  sIm  ;  with  aboat  75  enb  ft  oTmortar.  Tbt  bgUsb 
kundnd  of  Hum,  is  a  enb  yd. 

FrOSen  mortAr.     Them  b  risk  in  Qsinc  oonunon  niortar  In  eold  wMthw.    tf  Ih*  ooM 

should  oontlnoe  long  anotigh  to  allow  the  froien  norur  to  set  well,  tbe  work  mar  remain  ante  i  but  It 
a  warm  day  aboald  eeonr  between  tbe  freeslng  and  tbe  setting  of  tbe  mortar,  the  snn  sblalBg  m  one 
side  of  tbe  wall  may  molt  tbe  mortar  on  that  side,  while  that  on  the  other  side  may  remain  frosea 
hard.  In  that  eaao,  the  wall  will  be  apt  to  fkll ;  or  if  it  does  not,  it  wUl  at  least  always  be  weak :  fbr 
mortar  that  has  partially  set  whUe  tnmn,  if  then  melted,  will  never  regain  iu  *t«ength.  Bj  tbe 
wriier'a  own  Ulala  hjdmolto  oementa  seemed  not  to  be  lAlnred  by  fkeealng. 

Bxperlmonto  Ibr  ronderinir  brick  iBiisonry-  imporvl^M  tm 

water.  Abetmet  of  a  paper  read  befcre  the  Ameriean  8oelety  of  CItH  ITngliMiei  a.  May  «,  IWt 
by  William  L.  Dearborn .  CWfl  Bngineor.  member  of  tbe  Sooletj. 

Tbe  fhoe  walls  of  the  Back  Bays  of  the  Oaie>hoasee  of  tbe  new  Onitoa  reeerreir,  loantod  north 
•f  Rightysixth  Street,  In  OentrafPark,  were  bnlU  of  the  best  quality  of  bard-bnmt  briek;  InM  !■ 
mortar  eomposed  of  bydranlie  eement  of  New  York,  and  sand  mixed  in  tbe  proportlen  of  one  aeasare 
of  oement  to  two  of  sand.  The  spaoe  Itetween  the  wails ls4  ft:  and  was  Blled  with  oeuefein.  The  tmom 
walls  were  laid  np  with  great  oara.  and  every  preoantlon  was  taken  to  have  the  ieinu  well  flUad  and 
losnre  good  work.  They  are  IS  ins  thlek,and  M  It  high ;  and  the  Bnys  when  ffttirgBnaraDj  have  left 
of  water  in  them. 

When  the  reaerveir  was  lint  fliled.  and  the  waAer  was  let  into  tbe  Oate-honses.  It  was  fbnnd  te  flltar 
throngh  these  walls  to  a  oonsiderable  amount.  As  soeu  as  this  was  dlaeovered.  the  water  was  drawn 
out  of  tbe  Bays,  with  the  intention  of  attempUng  to  remedy  or  prevent  this  inaitraiion.  After  eare- 
fblly  considering  several  modes  of  acoomplishing  the  oh|wt  denred.  I  cnase  to  the  eoneinslaa  te  try 
"  Srlvesler's  Process  for  BepelUng  Moistare  from  External  Walls." 

The  preeem  consists  in  nsing  two  washes  or  eolations  for  eeveriag  the  snrlhae  ef  brick  wnlle;  one 
compoced  of  Castile  soap  snd  water;  and  one  of  alnm  and  water.  The  proportions  are :  thne-qnar- 
ters  of  a  pound  of  soap  to  one  gallon  of  water ;  and  half  a  pound  of  alum  te  four  gallona  of  waier 
both  substances  to  be  perfectly  dissolred  in  the  water  before  being  used. 

The  walla  should  be  perfbctiT  clean  and  dry ;  and  the  temperatare  of  the  air  shooM  not  be  haiew 
60  degrees  Fahrenheit,  when  the  eemposltlons  are  applied. 

The  Bret,  or  soap  wash,  ahould  be  laid  on  when  at  boillns  beat,  with  a  Int  bmab.  Ukinc  care  not 
to  form  a  troih  on  the  brickwork.  This  wash  should  remain  tweatv-four  h«>urs :  so  as  te  oeeeme  diy 
and  hard  before  the  second  or  alnm  wash  Is  applied;  which  shonld  be  done  in  tbe  sasee  manner  as 
the  flrat.  Tbe  temperature  of  this  wash  when  applied  may  bedOO  or  70O ;  and  it  sbouM  also  remain 
twenty -fonr  hours  belbra  a  second  coat  of  the  aoap  wash  Is  put  on ;  and  these  ceais  are  te  be  rspsaisJ 
alternately  nntll  the  walla  are  made  impervieaa  to  water. 

The  alum  and  soap  thus  oombined  form  an  insduMc  compound,  Oiling  the  pcree  of  the  masenfj 
and  eotiraly  praventtng  the  water  from  penetrating  the  walls, 

Befora  applying  these  eompeeltlons  to  the  walla  of  the  Bays,  aeme  ezperimenU  were  made  lo  tssi 
ths  absorption  of  water  by  bricks  ender  prsaenre  after  being  covered  with  theee  wnshea,  in  order  ts 
latermine  bow  many  coats  tbe  wall  woaM  rcquira  to  render  them  Imperrioas  bo  water. 

To  de  this,  a  strong  wooden  box  was  made,  pat  together  with  eerews,  laifc  enough  to  hold  2  bricks: 
ind  on  the  top  was  inserted  an  inch  pipe  fbrty  feet  long. 


Befora  applying  these  eompeeltlons  to  the  walla  of  the  Bays,  s 
hs  absorption  of  water  by  bricks  ender  prsaenra  after  being  eoi 
determine  bow  many  coats  tbe  wall  woaM  rcquira  to  render  them  ImperTloas  bo  water. 

To  de  this,  a  strong  wooden  box  was  made,  pat  together  -'*'■ * *■  *-  *■ 

and  on  the  top  was  inserted  an  inch  pipe  fbrty  feet  long. 

In  this  box  wera  placed  two  bricks  after  being  made  perfbctly  drr.  and  then  covered  with  a  e 
isoh  of  the  washes,  na  befora  diracted.  and  weighed.  They  wera  then  enkleeted  to  the  presanre  of  a 
Bolumn  of  water  40  ibei  high ;  and,  after  ramalning  a  sulllelent  length  of  ttme,  they  were  taken  oat 
sail  weighed  again,  to  naoertain  the  ameuat  of  water  they  bad  absorbed. 

Tbe  bricks  wera  then  dried,  and  again  coated  with  the  washes  and  weighed,  and  BOb}eeted  to  press* 
ura  as  befora ;  and  this  operation  was  repeated  until  the  brioks  were  fbnnd  net  te  absorb  any  water. 
Pour  coatings  randered  the  bricks  Impenetrable  under  tbe  vrseenra  of  40  ft  heed. 


Tbe  mean  weight  of  the  bricks  (dry)  bsfora  being  coaled,  was  8X  Bs;  the  msaa  aheerptlca  was 
one-half  ixrand  of  water.    An  hydrametar  was  used  in  testing  tbe  soiuthms. 

As  thia  experiment  was  made  in  the  fall  and  winter,  (IMS,)  after  the  temporary  roob  wera  |»et  on 
to  the  Qate-heuse,  artlBoial  beat  bad  to  be  rasorted  to,  to  dry  the  walls  and  ksep  the  air  at  a  proper 
temperatare.  Tbe  cost  was  10.00  eu  per  eq  ft.  As  soon  as  the  last  ecat  had  beeeme  bard,  the  water 
was  let  into  tbe  Bavs.  and  the  wails  wera  fonnd  Ce  be  perfectly  Impervlees  te  water,  and  theiy  sUH 
remain  so  in  1870,  after  about  9H  years. 

BmcK  AucH  (rooTWAT  OP  Hiaa  Batoaa).  The  brick  arah  of  tbe  footwny  of  High  Brtdge  Is  tbe 
era  of  a  cirale  39  ft  6  In  radius:  and  is  11  In  thick;  the  width  on  top  Is  17  ft;  and  thclsngth  eevered 
vaslSSiru 

The  nnt  two  courses  of  the  brick  of  the  arah  ara  vmpumA  of  the  beet  hardberat  brick,  laid  edge, 
wise  in  mortar  composed  of  one  part,  by  measura,  of  hydraulic  eement  of  New  York,  and  two  parte 
of  sand.  The  top  of  theee  bricka,  and  the  inside  of  tne  granite  coping  against  which  the  two  top 
euarsee  of  briek  reat  was,  when  they  were  perfbctly  dry,  coverad  with  a  coat  of  asphalt  one-half  aa 
Inch  thick,  laid  on  when  the  asphalt  was  heated  to  a  temperatara  of  trvm  mofi  te  bW>  Pahrenbeit. 

On  top  of  thia  was  laid  a  course  of  briek  flatwiee.  dipped  In  asphalt,  and  laid  when  t^ 


hot  I  and  the  Jointe  wera  run  fall  of  hot  asphalt. 

On  top  of  Ibis  a  course  of  preeeed  brick  was  laid  flatwiae  in  hydraulic  eement  morter,  1 
paring  and  floor  of  the  bridge.    This  asphalt  was  the  Trinidad  variety:  and  was  mixed  with  I    . 
cent,  by  measera.  of  coal  tar;  and  IS  per  cent  of  sand.    A  Ibw  expertaeste  for  testing  the  strength 
of  thte  asphalt,  when  used  te  eement  bricks  together,  wera  made,  and  two  of  them  ara  given  belsw. 

Six  bricks,  prsesed  ta«ethcr  flatwise,  with  asphalt  Jointe,  were,  after  lying  six  moalhs,  hrekca. 
The  distance  between  the  supporte  was  It  ins :  brsakiag  weight,  tOO  fts{  arse  of  single  Joint,  «M« 
■te.    The  asphalt  adhe..d  so  sinmgiyte  the  brick  as  te  tear  nwiV  the  sarflMS  la  many  linosa. 
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Two  brieks  pftmJ  togeCbcr  cad  to  ond.  oaaeBtod  wltk  wpkali.  wert.  afWr  l.tlng  6  months,  brokaa. 
Tbo  dlaauee  bMir«ra  tbo  sopporu  wu  10  lai ;  area  of  Joint,  8>i  maim» ;  brMklac  wcia hi,  l&O  feft. 
-^ k  of  tt«  bridio  ooTtrod  with  aaphalioa  brick,  ww  S80C5  tq  ft.     Than  «m  luod  M900  Bo  of 


Mpbalt,  S9  borroli  of  eoot  tor,  10  onb  jdt  of  load,  mOO  brioks. 

Tho  iIsM  ooeoplod  «m  lOt  dojs  of  bihods,  and  1«8  doj*  of  laborer*.    Two  moMas  and  two  labwr< 
on  wlU  Bolt  aod  sprood,  of  tho  flrot  ooal,  M80  aq  fk  por  daj.     Tho  total  ooot  of  tbu  ooat  wao  iM 


eenu  por  u  fl,  oxoIooIto  of  dntj  on  aopbalt.  Thero  woro  throo  grootoi,  S  Ins  wldo  by  i  ins  deep, 
mode  entlroly  oerooo  tbo  briok  areh.  and  immodtatelj  nndor  tho  Brat  ooat  of  asphalt,  dirUUng  tho 
aroh  loio  foar  oqnal  parte.    Tbooo  groovoo  voro  flUod  with  olaotio  pal  at  oomeoU 

Tbio  arrangemont  wai  Intendod  to  guard  against  the  otH  eflhou  ot  tho  ooniraotloa  of  tbo  aroh  la 
vintor;  aa  It  waa  expoetod  to  yield  elightiy  at  ihoae  potato,  and  at  ao  other  point;  and  thoa  the 
elastle  oonaent  wouM  prerent  any  leakage  there. 

Tho  entire  experiment  baa  prerod  a  ytry  aaeoeesnil  one,  and  tho  arab  baa  ronudaed  porfboUy  Ughi. 

la  propooing  the  abero  plan  for  working  tho  asphalt  with  tho  briekwork,  the  obicet  waa  to  avuid 
dopeadiag  on  a  largo  aoailnood  snrraoo  of  asphalt,  ao  la  uanal  in  eoverlug  archoa.  whioh  very  Fro- 
oaoatly  oraeka  tnuu  tho  greator  oontractioa  of  the  aaphalt  than  that  of  the  maaonrr  with  whloh  tl  li 
In  eoataot;  the  extent  or  tho  aaphalt  on  this  work  being  only  abotit  ono-qnarter  of  an  inch  lo  eaot 
btlok.    Thia  ia  deeaMd  to  be  aa  oaaeatlal  elcBMBt  ia  tho  aueoeaa  of  the  ImporTioua  ooTering." 

▲  ehoap  aad  oObeCivo  prooeoe  for  prerenting  tbo  percolation  of  water  through  tho  arobea  of  aquo 
ftoeto,  and  evea  of  brUgea,  la  a  great  doaideratnuk    Many  oxponaiTC  trialo  with  realBoua  eompoundi 

havo  proTcd  falluree.    Mjdraollc  oomoot  appean  to  merely  dlaaiaiah  tho  evil.    Maah  of  ^ "^ 

fa  peahably  duo  to  oraeka  prodoeed  1^  ohaageo  of  tOMperatare. 


The  white  elHoreaeenee  ao  oommon  on  wmllt,  espedallr  on  thooe  of  brick, 
is  4ae  to  the  prawnoe  of  loiaUe  salts  in  the  brieks  and  mortar.  These  ars  dissolved, 
and  carried  to  the  face  of  the  wall,  by  raio  and  other  moisture.  Sulphate  of  magne- 
sia (Epsom  Salt)  appean  to  be  the  most  frequent  cause  of  the  disfiguration.  In  many 
places  mortar  lime  is  made  from  dolomite,  or  wtammriam  limestone,  which  often  con- 
tains 30  percent  or  more  of  magnesia;  which  also  occurs  frequently  in  brick  clay. 
Coal  generally  contains  sulphur,  most  fluently  In  combination  with  iron,  forming 
the  well-known  **  iron  pyrites  ".  The  combustion  of  the  ooal,  as  in  burning  the  lime- 
stone or  clay,  in  manniatnures,  In  cooking  etc,  oonrerts  the  sulphur  into  sulphurous 
acid  gas,  which,  when  in  contact  with  magnesia  and  air,  as  In  the  lime  or  brick  kiln, 
or  in  the  flnhhed  wall  or  chimney,  becomes  sulphuric  acid  and  unites  with  the  mag- 
nesia, forming  the  soluble  sulphate.  We  are  not  aware  of  any  remedy  that  will  pr» 
▼ent  its  appearance  under  such  circumstances;  but  the  formation  of  the  sulphate  mai 
be  preirented  by  the  use  of  limestone  aod  brick-clay  finee  fhim  magneaiiL 
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MORTAR. 

Oememt. 

For  ezperlmeata,  see  p  1303. 

For  specllleattoiiA,  see  pp  1229,  1232.  1234,  1362. 

For  €onere(e,  see  pagea  1252,  etc 

For  abbr«¥iaUoiis,  ■jmbols  and  ref«reiic«s«  see  p  1251. 

1.  The  property  of  settinc  aod  hardeniag  under  water  is  called  li|rdnMi- 
Uelty ;  and  oemente,  whion  harden  under  water,  axe  called  fcgraranlic 
cemento;  or,  more  briefly,  cements.  For  behavior  of  oemeat 
when  mlxea  with  water,  with  or  without  sand,  aee  Mortar,  p  1243. 

Materials. 

2.  The  elements,  ehleflj  eoneerned  in  the  aetion  of  lime  sod 
cem  mortars,  are — 

Calcium,  Cs  \ 

Aluminum,  Al  I 

Carbon,  C  V     OzyBBii,0. 

Silicon,  Si  I 

Hydrogen,  H  J 

a.  Oxyyen  combines  with  each  of  the  others,  fonninc  oxides. 
Thus :  Caldum  oxide,  CaO,  is  lime; 

Aluminum  seequi-ozide,  A1|0|^*  is  alumina; 
Carbon  dioxide,  CQ^  is  carbomc  aoidi 
Silicon  dioxide,  8iQi»  is  siUoa,  -or  silide  aeid;t 
Hydrogen  monoxide,  HaO.  is  water. 
4.  The  materials  most  used  in  the  manufacture  of  cements  are  etthsr 
(a)  calcareous,  (b)  argillaceous,  or  (c)  both  calcareous  and  argillaeeous. 

(a)  Caleareons  (rich  in  lime  carbonates). 

liimestone,  a  lime  carbonate,  or  combination  of  lime  and  carbonic  acid 
CaO  +  CO}  or  CaCOa.    Marble  is  limestone. 

Dolomite,  or  macnesian  limestone,  containing  about  45  per  cent 
of  magnesia  carbonate,  MgO.  CO^.  Where  strata  of  limestone  and  dolomite 
adjoin,  the  rook  Taries  in  composition  between  the  two,  containing  peroeot- 
ages  of  magnesia  carbonate  varying  from  0  to  45. 

Chalk,  a  soft  limestone,  compoeed  of  remains  of  marine  shells. 

Marl,  a  soft  and  impure  hydrated  t  Ume  carbonate,  predpitsted  from 
^1  water  and  found  in  the  beds  and  banks  of  extinct  or  existing  lakes. 

Alkali  waste,  lime  carbonate,  predpitated,  as  a  waste  product,  ia  the 
lanuf  acture  of  caustic  soda. 

Coral.    See  H  5. 

(b)  ArgrUlAC^^ns  (rich  in  alumina  alicates). 

Claj  (including  argillaceous  minerals  in  jnneral),  an  alumina  siliaito,  or 
jjombination  of  alumina  and  silide  add,  AlsQa  +  SiOi. 

Shale  and  slate,  clay,  solidified  by  geological  processes. 

PnsBOlana,  or  possuolana,  a  volcanic  slag,  found  at  Pussuoli,  or  Pos- 
suoli.  near  Mount  Vesuvius,  an  impure  alumina  silicate. 

Blast  IVirnaee  slac,  practically  an  artificial  puxaolana. 

Brieh-dnst.  See  116. 
(e)  Rich  in  both  lime  earbonate  and  alumina  siUeate. 

Cement  roeh  is  argillaceous  (clayey)  limestone.  The  alumina  silieate 
usually  ranges  from  13  to  35  %.  There  is  generally  a  considerable  per- 
centage of  magnesia  carbonate,  amounting  sometimes  to  25  %. 

O.  A  soft  eoral  roch,  from  the  reefs  near  Colon.  Panama,  mixt 
with  day  and  silt  brought  down  by  the  Chagres  river,  or  with  *'a  pumiceous 
rhyolite  tuff. "  found  on  the  Isthmus,  or  with  both,  axid  crushed,  boned  and 
tested  at  the  Lehigh  Valley  Testing  Laboratory,  at  Allentown,  Pla.,  gave  a 

*The  subscripts  indicate  the  combining  ratios  of  the  several  elements. 
Thus,  in  alumina,  AlfCS  means  a  compound  of  2  atoms  of  aluminum  with  3 
of  oxygen. 

t  Quarts  is  silica;  and  most  of  the  sand,  used  in  mortar,  b  quarts  ssad. 

t  Hydrated;  containing  chemically  combined  water.  , 
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oniform  cement,  comparing  favorably  with  average  standard  brands  of 
Lehigfa  cement.  The  coral  rock  is  "a  remarkably  pure  lime  carbonate." 
The  Chagres  clay  and  silt  are  "rather  low  in  silioa,  but  contain  a  relatively 
large  amount  of  iron  as  compared  with  alumina."  The  tuff  "is  of  approx- 
unately  the  same  composition  as  the  arffUlaoeous  materials  used  m  the 
Lehigh  district  of  Penoaylvania. "  (Ernest  Uowe,  U.  S.  G  S,  E  N,  '07 /Nov/ 
21,  p  544.)    See  IH  29,  etc. 

6.  Mr.  Ernest  McCullough  "mixed  fine  brtek  dust  and  liv-drated 
lime  together  and  made  a  fairly  satisfactory  cem  for  a  small  concrete 
job  in  a  locality  where  Portland  cem  could  not  be  obtained."  (E  N,  '07/ 
Nov/21,  p  667.) 

7.  lilme.  When  limestone  (without  clav)  is  "burned,"  its  COt  is 
driven  off,  and  the  remaining  (*'  qaick  *')  lime  has  a  strong  affinity  for 
water,  absorbing  it  with  such  avidity  as  to  develop  heat  sufficient  to  pro- 
duce steam,  the  generation  of  which  disintegrates  and  swells  the  mass. 
Combining  thus  with  the  water,  the  lime  forms  calcium  hydrate,  CaO.HsO,  or 
CwlH^Oji.  This  process  is  called  slaking^  or  slaekingr;  and  lime  which 
has  satisfied  its  affinity  for  water  is  called  slaked  (or  uack)  lime.  When 
slaked  lime  is  used  as  mortar,  it  graduallv  absorbs  carbonic  acid  from  the 
air.  forming  Ume  carbonate,  the  water  being  liberated  and  evaporated. 
Hardened  hme  mortar  may  thus  be  regarded  as  an  artificial  limestone. 

Hanafketare. 

8.  Cement*  When  alumina  silicate,  such  as  clay,  in  sufficient  quantities, 
is  "  burned "  with  calcium  carbonate,  such  as  limestone,  the  burned  prod- 
uct, called  cement,  is  deficient  in,  or  devoid  of,  the  slacking  property;  but. 
on  the  other  hand,  when  it  is  made  into  mortar,  the  combinations,  formed 
between  the  elements  of  the  lime,  the  alumina,  the  silica  and  the  water, 
during  the  burning,  and  afterward  in  the  mortar,  are  such  that  they  readily 
proceed  under  water.  Chemists  differ  as  to  the  nature  of  these  combina- 
tions, except  that  these  constitute  a  process  of  crystallisation,  resulting 
chiefly  in  the  formation  of  hydrated  lime  silicate  and  hydrated  lime  alumi- 
nate,  which  two  compounds  constitute  the  major  portion  of  most  eems. 

Bfataral  and  Portland  €ement« 

9.  In  the  manufacture  of  ^  natural ''  cement,  cement  rock,  broken 
into  lumps,  is  first  calcined,  at  from  lOOOP  to  1400*  C  (1800^  to  2600''  F>  in 
a  stationary  kiln,  in  alternate  layers  with  coal  of  about  pea  size,  as  fuel. 
It  is  then  spround  to  a  fine  powder,  and  this  is  sometimes  q>ecially  mixed, 
in  order  to  increase  its  uniformity. 

10.  The  qnalitles  of  nat  oems  vanr  widely,  owing  to  diffs  in  the 
compositions  of  cem  rocks  found  in  diff  localities. 

11.  The  name  Bosendale.  originally  and  properly  restricted  to  nat 
oems  made  in  Ulster  County,  N  V,  was  at  one  time  f4>pUed  indiscriminately 
to  American  nat  cems  in  general. 

13.  In  Europe,  quick-setting  nat  cems  are  called  **  Roman  cements.** 
IS.  Portland  cement  was  so  called  on  account  of  the  resemblance  of 

the  hardened  mortar  to  Portland  stone,  the  oolitic  limestone  of  Portland, 
En^Uuid. 

14.  Portland  cem  Is  made  from  different  combinations  of  the  cal- 
careous and  argillaceous  materials  named  in  f  4,  and  these  require  different 
preliminary  treatments.  Thus,  hard  rock  is  crushed:  soft  rock  and  clay  are 
ground;  marl  and  clay  are  mixed  wet,  and  the  marl  is  sometimes  pumped 
to  the  mill.  In  any  case,  the  resulting  materials  are  dried  and  finely  ground, 
mixed,  and  then  calcined  at  a  temperature  of  1450"  to  1560*^  C.  or  say  2600^ 
to  2800°  F,  producing  incipient  vitrifaction,  which  consists  of  the  chemical 
combination  of  the  sifica,  siumina  and  lime,  into  a  glassy  clinker,  essentially 
a  lime  silicate  and  aluminate.  The  resulting  clinker  is  again  ground  to  an 
impalpable  powder,  which  is  the  finished  product. 

15.  Tlie  proportions  of  the  several  materials  are  carefully  adjusted. 
There  is  usually  from  74  to  77.6  %  lime  carbonate,  and  about  20  %  of 
alumina  silicate  and  iron  oxide.     See  H  32. 

16.  Manlpnlatlon.  The  raw  material  is  sometimes  molded  into  bricks 
which  are  burned  in  a  stationary  kiln;  but  it  is  now  more  generally  fed,  as 
a  fine  powder,  into  the  upper  end  of  a  neariy  hor  cyl  (rotary  kiln)  6  to  8  '" 
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in  diam  and  from  60  to  100  ft  or  more  in  lencth.  Goal  dual,  aa  fuel,  ia  in- 
iected,  by  an  air  blast,  into  the  other  end;  while  most  of  the  air,  reqoired 
tor  combustion,  is  admitted  freely  ftxnn  the  atmoq>here  thru  other  openiaca. 

17.  As  in  the  ease  of  lime,  the  bamln^  drives  off  the  earbonie  acid 
and  water,  and  more  completely  oxidises  any  iron  present. 

18.  The  hlgrher  cost  of  Portland  cement  is  due  to  the  mora 
careful  selection  of  the  materials  and  to  the  more  elaborate  and  expensive 
treatment  given  them,  resulting  in  the  ultimate  attainment  of  much  greater 
strength  and  uniformity  than  are  usually  found  in  nat  oems. 

19.  The  Improvements,  which  have  been  made  in  the  manufacture 
of  Portland  cement,  are  driving  out  other  makes.  Owing  to  ita 
greater  sand-carrying  capacity,  it  is  often  used,  by  oontraotors,  even  where 
the  specifications  permit  the  use  of  nat  cem. 

20.  OTerbnrnlngr  is  liable  to  occur,  if  the  naaterial  is  deficient  in  lime 
("over-clayed").  Underbnrnlny  yields  a  soft  brownish  clinker,  and 
weak,  quick-setting  cem.  heating  in  water.  Some  oems.  slow  at  first,  be- 
come quicker  after  storage. 

21.  Portland  Cement  is  used  for  structures  subjected  to  severe  or 
repeated  stresses,  for  cases  where  hi^  stri^h  must  be  attained  in  a  short 
time,  for  concrete  buildings,  where  water  will  be  in  contact  with  new  work, 
for  thin  walls  subject  to  water  pres,  and  for  work  exposed  to  abrasion  €)r  to 
weather;  while  natural  cement  may  be  used  in  dry  sheltered  founda- 
tions under  compressive  loads  not  exceeding  75  lbs  per  sc^  inch  and  not 
imposed  until  3  months  after  placing,  for  backing  and  filhng  in  maaaive 
cone  or  stone  masonry  where  wt  and  mass  are  desiderata,  and  for  street  and 
sewer  foundations. 

Pnsaolana. 
S2.  Slay  oements  (sometimes -called  pnssolana  cements  or  pus- 
lolana)  are  intimate  mixtures  of  slaked  lime  and  basic  blast-furnace  slac, 
both  finely  ground,  and  not  calcined.  As  the  slag  leaves  the  blast-furnace, 
it  is  chilled  and  disintegrated  by  running  it  into  water.  A  little  soda  is 
sometimes  added,  to  hasten  setting.  Slag  cem  is  not  to  be  eonfounded  with 
those  Portland  cems  in  which  slag  is  one  of  the  ingredients. 

28.  In  dry  air,  the  sulphides,  contained  in  PuBsolana  cement,  oxi- 
dise, and  cause  superficial  cracking.     It  sets  more  slowly  than  Portland, 
unless  treated  with  soda.     If  so  treated,  the  soda  becomes  earfoonaled 
under  long  storage,  and  the  cem  again  becomes  slow-settin|(.    Since  puaao- 
l%na  cem,  propeny  made,  contains  no  free  or  anhydrous  lime,  it  does  not  warp 
swell,  and  requires  less  water  than  Portland:  but,  for  permanency  after 
'cing.  the  finished  work  should  be  kept  constantly  moist.     It  ia  recom- 
ndid  for  use  in  sea  water,  alone  or  mixed  with  Portland.     Its  moitar 
tougher  than  Portland,  but  never  becomes  so  hard.     It  should  not  be 
)jected  to  attrition  or  blows.     (Report,  Board  of    U  8  £ngr  officers, 
S.,  Prof'l  Papers  No  28.  '01.) 

S4.  Pnsaolana  cement  is  said  to  work  well  if  used  with  2  or  3  parts 
.^nd  and  not  subjected  to  freezing  weather.  Its  ingredients  must  be  finely 
ground  and  intimately  mixed.  It  is  used  where  extreme  atrencth  and 
hardness  are  not  required. 

Silica  Cement. 

25.  Niliea  Cement,  or  sand  cement,  was  originally  made  by 
mixing  Portland  cem  with  quarts  sand  (silica)  and  grinding  the  mixture  to 
extreme  fineness  It  was  claimed  that  the  cem  thus  became  much  more 
finely  ground,  and  that  "silica  cement."  containing  one  part  Portland  cem 
and  three  parts  silica,  could  therefore  carry,  in  mortar,  nearly  as  much  sand 
as  could  the  pure  cem  alone;  also  that  mortars,  made  with  silica  cem,  were 
less  permeable  to  water  than  those  made  with  pure  cem  in  the  ordinary  way. 

26.  Owing  to  the  high  cost  of  grinding  the  quarts  sand,  leas  refractory 
materials,  such  as  lime-stone,  are  now  substituted  for  it.  The  product, 
so  obtained,  is  still  called  "silica  cement,"  altho  containing  a  leas  pn^^n^ 
tion  of  silica  than  Portland  cem. 

27.  Silica  cement  mortar  is  said  to  work  more  amoothly  under 
the  trowel  than  that  made  with  ordinary  cems. 

4.  ^*j  ^"  ^^^  construction  of  a  concrete  look  at  St.  Paul.  Minn.,  it  waa  in- 
tended to  use  1.5  volumes  silica  oem  aa  equivalent  to  1  vol  Saylor'a  Port- 
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land;  but  experiments  indicated  that,  at  6  moe,  concrete,  made  with  aliea 
cem,  was  an  strongs  as  that  made  with  Portland. 

Other  Cements. 

29.  Wblte  Portland  eement,  obtained  bv  making  certain  modifi- 
cations in  the  process  of  manufacture,  is  nearly  colorless.  It  is  suitable  for 
making  imitation  marbles,  etc..  and  capable  of  taking  artificial  coloring. 
It  is  higher  in  price  than  ordinary  Portlands.     See  ^  44. 

SO.  Iron  ore  cement  ("En-cement").  Krupp  Steel  Co.  In  this 
cem,  the  argillaceous  material  of  Portland  cem  is  mostly  replaced  by  iron 
oxide.  The  material  is  burned  and  ground  as  for  Portland  cem,  ^K  13,  dice. 
Spec  grav.  3.31.  Slower  setting  than  Portland.  Sound.  Low  early 
strgths;  but,  in  time,  strgth  far  exceeds  that  of  Portland.  No  trace  of 
expansion  or  crackg  in  sea  water  under  15  atmospheres.  (Wm.  Michaelis, 
Jr.,  Western  Soo  Engrs,  Aug  1907;  8.  B.  Newberry,  Cement  Age,  Jan  1907.) 
*  31.  Hydraulic  lime  is  a  name  given  to  cems  (much  used  in  Europe) 
which,  while  to  some  extent  hydraulic,  do  not  contain  enough  of  the  hydrau- 
lic elements  to  prevent  slaking.  The  slaking,  however,  is  slower,  and  the 
swelling  leas,  than  with  lime  proper. 

€oinp<MiUon. 
32.  Analyses  of  cements,  in  peroentagee. 
In  each  group  of  three  lines, 

the  upper  line  shows  the  max  percentage. 

"    middle '   mean         ** 

*•  lower     • min 

Siiiea,  Alumina. Iron  Ojeide.  Xifne. 

Si  Of  jir,Oa  FfiOt  CaO 

^0    10    20   30     0    10    0    10    20    0    10  20   30   40    TO    00 


Matfneela, 
MgO 

0    10    20 


■ 
I 

I 

I 
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Ti§;  1.     Analyses  of  Cementa. 

33.  The  ratio  of  the  wt  of  alumina  silicate  to  that  of  the  lime,  in  a  oom, 
U  called  its  hydraulic  index.  Other  things  being  equal,  it  may  be  used 
as  an  indication  of  the  hydraulicity  of  the  cem, 

34.  Thus,  if  a  cem  contains  30  %  alumina  silicate  and  00  %  lime,  its  hy> 
draulic  index  is  30/60-0.50. 

85.  Tiie  hydraulic  modulus  is  approximately  the  reciprocal  of  the 
hydraulic  index;  i.e.,  the  modulus  is  the  ratio,  by  wt,  of  lime,  to  silica, 

♦  Richard  K.  Meade,  "Portland  Cement."  1906,  pp  16-17. 

tE.  C.  Eckel,  "Cements,  Limes  and  Plasters,"  1907.  pp  263  etc^  667-8. 

1 16  analyses  of  "Steel"  (slag)  cement,  made  by  Illinois  Steel  Co.,  Soutfi 
Chicago,  reported  by  Board  of  tl.  S.  Engr  Officers,  1900,  gave  practically  the 
same  avs,  but  with  generally  greater  uniformity:  silica,  29.9  to  27.8;  alumina 
and  iron,  12.1  to  11.1;   lime,  52.1  to  50.3;  magnesia,  3.0  to  1.6. 

C3 
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alumiDA  and  iron  oxide.  It  is  sometimeB  speeified  that  the  modulus,  in 
Portland  oemeot,  shall  be  1.7. 

36.  In  natural  cements,  the  modulus  usually  ranges  from  0.667  to  1.667. 

87.  Mr.  Spencer  B.  Newberry  uses  the  ratio  : 

(lime  —  alumina)  -»>  silioa, 
which  he  terms  the  lime  fector,  and  which  usually  varies,  in  the  raw 
material,  betw  2.7  and  2.8,  and,  in  the  best  commercial  cema,  betw  2JS 
and  2.6. 

S8.  Mr.  Edwin  C.  Eekel  (Cements,  Limes  and  Plasters,  p  170)  suggests 
the 

CementaUon  index  -  ^^  t  1\°/  ''''^' 

I  +   1.4m 
where  «,  a,  i,  I  and  m  are  the  percentages,  by  wt.  of  silica,  alumina,  iron 
oxide,  lime  and  magnesia,  respectively. 

89.    The  most  common  adalierants  of  oem  are  ground  limestone,  lime. . 
shale,  slag  and  ashes:  and  Portland  cem  is  sometimes  adulterated  with  nat 
cem.     Most  of  the  adulterants  commonly  used  are  merely  inert,  and  there- 
fore only  weaken  the  cem;  but  quick  lime  may  do  more  serious  mischief. 
See  Cement  Mortar,  ^%  28,  etc.,  p  1346. 

Properties. 
Fineness. 

40.  Fineness.  Even  in  oem  of  standard  fineness,  the  inner  portions 
of  the  grains  seem  to  remain  inert.  The  finer  the  cem,  the  more  sand  it 
will  carry  and  still  produce  a  mortar  of  a  spven  strength:  but,  in  each  ease, 
there  is  a  point  where  the  cost  of  additional  fineness  onsets  the  additional 
advantage  which  may  be  gained. 

41.  Hence  fineness  is  less  important  with  natnml  than  with  Port- 
land cem;  for  the  cheapness  of  nat  cem  may  render  it  advisable  to  use 
the  cem  in  lar^r  quantities,  rather  than  pay  for  finer  grinding,  in  ocder  to 
secure  the  desired  strgth. 

42.  Cements,  ground  to  extreme  fineness,  in  order  to  secure  strigths 
beyond  those  ot  commereial  products,  set  so  quickly  that  they  must  be  used 
immediately  after  adding  water.  (Wm.  Michaelia,  Jr.,  Western  Soc  of 
Engrs,  Aug  '07.) 

48.  The  fineness  oC  eement  and  sand  is  indicated  as  fol- 
lows, where  the  lance  numerak  represent  the  sieve  numbers;  the  small 
numeral,  to  the  left  of  each  sieve  number,  represents  the  Deraentage  retained 
upon  that  sieve;  and  the  final  small  numeral,  to  the  rii^t  of  the  last  sieve 
number,  represents  the  percentage  passed  by  uie  last  sieve.  The  sum  of  the 
small  numerals  -  100.  Thus.  "20  »30  »40<<  means  that  5  %  were  re- 
tained on  a  No.  20  sieve,  15  %  on  a  No.  30,  and  35  %  on  a  No.  40,  while  the 
remaining  45  %  passed  the  No.  40  sieve. 

Color. 

44.  Color.    The  lime  silicates  and  aluminates,  which  constitute  the 

oem  proper,  are  colotiess  when  pure.  (See  White  Cem«it.  ^29.)  The 
color  of  cems  is  therefore  due  to  other  matter  which  is  unavoidably  present, 
notably  to  the  iron  oxidesp  and  may  be  affected  by  either  beneficial,  harmful 
or  neutral  ingredients.  Hence,  color,  in  itself,  is  of  but  little  value  as  a 
guide  to  quauty;  but  Tariations  in  shade*  in  a  given  kind  of  cem, 
may  indicate  dins  in  the  character  of  the  rock  or  in  the  degree  of  burning. 
Thus,  with  nat  cems.  a  light  color  generally  indicates  an  inferior  or  under- 
burned  rock.  A  coarse-ground  cem,  Ught  in  color  and  wt,  would  be  viewed 
with  suspicion. 

45.  "With  Portland  cem,  grav  or  greenish-gray  is  generally  eonsidered 
best;  bluish  gray  indicates  a  probable  excess  of  lime,  and  brown  an  excess 
of  clay.  Natural  cons  are  usually  brown,  but  vary  from  vwy  li^t  to  very 
dark.  Slag  oem  has  a  mauve  tint — a  delicate  Ulac."  (Prof  Ira  O.  Baker, 
*'A  Treatise  on  Masonry  Ck>nstruction,"  p  55.) 

Weigrht. 
46.  Rpeeifle  gTKwitjr  and  weiis-ht.    See  spec  grav,  pp.  1232,  1234. 
The  sp  gr  of  the  solid  particles  of  oem  is  not  affected  by  fineness  of  griading. 
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but  b  diminished  by  absorption  of  water  and  carbonic  acid  under  exposure, 
and  is  therefore  increased  by  drying.  The  sp  gr  of  Portland  cems  may 
range  from  2.9  to  3.25,  ordinarily  from  3  to  3.2;  nat  cems,  2.7  to  3.2;  Pus- 
■olano  cem,  from  2.7  to  2.9. 

47.  The  welf  ht,  per  cu  ft,  of  cem  powder,  is  affected  b^  exposure  and 
by  dryin((,  as  expTainea  above,  and  is  increased  by  compression,  as  in  pack- 
int^.  It  IS  reduoBd  by  fine  grinding,  the  finer  particles  paokin((  leas  closely. 
Faija  found  a  loss,  in  wt,  ofabout  6  %  in  a  few  days  after  gnnding;  17  % 
in  6  mos,  and  21  %  in  a  year. 

48.  In  a  German  Portland  cem,  Eliot  C.  Clarke  found  90  lbs  per  cu  ft 
when  40  %  was  retained  on  No.  120  sieve,  and  75  lbs  per  cu  ft  when  so  finely 
ground  that  all  passed  the  same  sieve. 

49.  As  a  rude  approximation,  Portland  cem  is  taken  as  weighing  100  lbs, 
nat  cem  75  lbs,  per  cu  ft. 


00.  Owin^  to  variations  in  the  specific  gravity  of  cema.  there  is  corre- 
sponding variation  in  slaes  and  welylits  of  packages  ana  their  contents. 
The  trade  practice  is  to  sell  a  bbl  of  Portland  cem  as  400  lbs  gross  (inclwiing 
wt  of  bbl);  nat,  300  lbs  gross. 

51.  A  Portland  Cement  barrel  is  2  to  2.2  ft  high,  betw  heads, 
138  to  1.46  ft  av  diam.  It  wwghs  21  to  29  lbs,  and  is  Unedwith  paper  for 
ordinary  transportation.  Its  capacity  is  3.1  to  3.5  cu  ft,  but  the  cem,  com- 
pressed into  it,  in  packing,  occupies  3.75  to  4.3  cu  ft  loose,  and  weighs  370 
to  390  lbs.    The  bbl  is  not  returnable. 

52.  A  natural  eement  barrel  weighs  about  20  lbs.  In  the  Wes- 
tern states  it  contains  265  lbs;  in  the  Eastern  states,  300  lbs,  of  cem. 

5S.  **  Domestle  '*  barrels  are  used  for  shipment  to  all  points  in  the 
U.  S.,  with  slight  reinforcement  for  Gulf  ports;  **  standard  export*' 
bbis  for  Mexico  and  the  West  Indies;  *^ special  export  barrels** 
where  specially  severe  treatment  is  expected. 

04.  The  standard  export  barrel  is  of  better  stock  than  the 
"domestic,"  and  is  reinforced  with  cross  pieces  in  the  heads  and  with  two 
iron  hoops.  It  costs  from  5  to  10  cts  more  than  the  "domestic"  bbl,  vary- 
ing with  cost  of  cooperage  stock. 

55.  The  special  ex|»ort  barrel  costs  10  to  15  cts  more  than  the 
standard  export  bbl.  It  is  all-hardwood,  heavily  hooped  and  reinforced, 
with  wood  cross-pieces  in  the  heads,  iron  hoopb,  and  clamps  to  hold  the 
heads  in  place.  A  heavy  waterproof  lining  is  used  instead  of  the  heavy 
Manila  pap^r  used  with  the  standard  export  obi. 

56.  Most  cem  is  now  packed  in  "cloth"  or  piqier  bags,  except  for  ship- 
ment by  sea. 

57.  Cement  bays  are  made  of  cloth  (canvas  or  cotton  duck)  and  of 
"rope  Manila"  paper.  When  empty,  they  measure  about  17  X  28  ins. 
(See  Digest  of  specincation  of  the  Am  9oc  for  Testing  Materials.)  A  "cloth" 
bag  is  usually  charged  to  the  purchaser  at  about  10  cts,  and  credited  at 
about  7.5  cts  when  returned.  Paper  bays  are  charged  at  2.5  cts  each 
and  are  not  returnable. 

58.  The  use  of  paper  bays  obviates  loss  of  time  in  emptying  and  re- 
turning bags,  shortage  on  lost  or  damaged  bags,  and  loss  of  cem  m  transit 
or  by  failure  to  empty  bags  completely;  but  paper  bags  are  more  likely  to 
lose  their  entire  contents  by  breakage,  and  pieces  of  broken  bags  may  get 
into  the  work  and  weaken  it. 

59.  For  large  work,  cem  has  frequently  been  shipped  In  ears  In 
bnlk,  with  little  loss  or  damage,  provided  the  cars  are  carefully  selected. 
This  method  is  especially  advantageous  where  the  cem  is  tested  at  the  mill, 
stored  in  "accepted  bins,"  and  shipped  direct  to  the  work,  in  sealed  cars. 
The  cars  may  be  unloaded  by  automatic  convevors.  Bags  and  bbls  are 
often  preferred  as  furnishing  a  convenient  means  for  keeping  account  of  the 
quantities  of  cem  entering  the  work;  but,  in  large  operations,  there  should 
be  no  difficulty  in  arranging  to  keep  such  accounts  with  bulk  shipments. 

A»e. 

•O.  *^  Arlnv**  consists  in  the  slaking  of  the  free  lime  remaining  in  the 
oem  after  burning.    Good  Portland  cem  is  improved  JJabSO^.  weeks  of 
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asing  in  dry  air;  and,  if  kept  dry.  it  deteriorates  but  dowly  undN*  < 

long  storage:  but  nat  cems  usually  suffer  by  aeration;  and  oema  in  gateral, 
being  composed  of  compounds  with  a  strong  affinity  for  water,  deteriorate 
if  exposed  to  dampness.  Hence,  protection  from  moisture,  even  tli*t  <^ 
the  au*.  is  very  essential  for  the  preservation  of  cems,  as  well  ns  of  quick- 
lime. With  tnis  precaution,  the  cem,  altho  it  may  require  more  time  to 
set,  than  when  fresher,  does  not  otherwise  very  appreciably  deteriorate  in 
many  months. 

Gl.  Storan^e,  under  pressure,  tends  to  the  caking  of  cems,  which,  there- 
fore, does  not  necessarily  indicate  deterioration. 

62.  R«fitoratioii  by  rebomlny.  Cems  which  have  deteriorated  by 
exposure,  may  be  in  great  measure  restored  by  reheating  to  redness. 

6S.  If  cem  is  stored  In  warm  plaees,  it  is  ai^t  to  "flash"  when 
mixed  iirith  water,  i.  e.,  to  set  much  more  rapidly  than  it  should. 

Tesiinfr. 

See  Digests  of  Speeifieations,  A  S  C  E,  p  942 ;  Engng  Standards  Oomm 
of  Gt  Brit,  p  940;  Report  of  Board  of  U  S  £ngr  Officers,  p  937. 

64.  Thoro  cbemleal  teats  of  cem  can  of  course  be  made  only  by 
expert  chemists;  but  the  following  simple  test  may  be  made  by  the  engi- 
neer. Treated  with  hydrochloric  acid,  **pure  Port  cem  effervesces  sli^tly. 
gives  off  some  pungent  gas,  and  gradually  forms  a  bright  yellow  jelly,  with- 
out sediment.  Powdered  limestone  or  cem  rock,  mixed  with  the  oem. 
causes  violent  effervescence,  the  acid  giving  off  strong  fumee  until  all  the 
Ume  carbonate  is  deoomp<)aed,  when  the  yellow  jelly  forms.  Quarts  sand 
remains  undissolved.  Reject  oeu  contaimng  these  adultManta.^'  Judson. 
"City  Roads  and  Pavements."  The  presence  of  slag  is  ^nerally  indieated 
by  the  sulfur  present,  which  causes  a  milky  appearance,  if  the  cem  be  agi- 
tated in  a  solution  of  hydrochloric  acid  in  water. 

65.  Fuller  and  Thompson  found  that  cems,  which  failed  to  stand  this 
test,  failed  also  to  set  properly:  while  oems  whioh  passed  it.  aleo  paased 
more  elaborate  chemical  tests.     (Trans  A  S  C  E.  Vol  59,  '07,  Dee,  pp  73-4.) 
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Properties  aiMl  Tests  of  Cement.  Report  of  Board  IT.  S.  A« 
Eiigrlneer  Oflieers.  Properties  and  tests  of  Portland,  Natural  and  Puz- 
solan*  cemeDta.  Digest  of  a  Report  of  Majors  W.  L.  Marshall  and  Smith  S. 
Leach  and  CapL  Spencer  C<Mb7,  Board  of  Engineer  Officers,  on  testing  Hydraulic 
Ceuients.    Professional  i'apers,  No.  28,  Corps  of  Engineers,  U.  S.  A.,  1901. 

Unfortunately,  tests  for  acceptance  or  r^ection  must  be  made  on  a  product 
which  has  not  reached  its  final  stage.  A  cement,  when  incorporated  in  masonry, 
undergoes  chemical  changes  for  months,  whereas  it  is  seldom  possible  to 
ooniinue  tests  for  more  than  a  few  weeks  at  the  most. 

A  few  tests,  carefully  made,  are  more  valuable  than  manr,  made  with  less  care. 

Cement  which  has  been  in  storai^e  for  a  long  time  sliould  be  careftelljr 
tested  before  use.  in  order  to  detect  deterioration. 

A  cement  shoulo  be  rejected,  without  regard  to  the  proportion  of  failures 
among  samplea  tested,  if  the  samples  show  dangerous  variation  in  quality  or 
Jack  of  care  in  manufacture,  and  resulting  lack  of  uniformity  in  the  product. 

The  practice  of  offering  a  bonus  for  cement  showing  an  abnormal  strength 
is  obJeeHonable,  as  It  leads  to  the  production  of  cemeuis  with  defects  not 
easily  detected. 

I'or  I'urtltindor  Puzzolan  cement,  make  tests  for  (1)  fineness  of  grinding;  (S) 
specific  gravity;  (S)  soundness,  or  constancy  of  Tolume  in  setting;  (4)  time  of 
setting,  and  (5)  tensile  strength.    For  Natural  cementeomit  tests  (2;  and  (8). 

(1)  Fineness.  Cementitious  quality  resides  principally,  if  not  wholly.  In 
the  Tery  flnely  ground  particles,  use  a  No.  100  sieve,  woven  from  brass  wire 
No.  40  Stubs  gage;  sift  until  cement  censes  to  pans  through.  The  percentage 
that  has  passed  throngh  is  determined  by  weighing  the  residue  on  the  sieve. 
The  screen  should  be  frequently  examined  to  see  that  no  wires  have  been 
displaced. 

(2)  Bpeelfle  vntwi ty.  The  specific  graTity  test  is  of  Tslue  in  determining 
whether  a  Portland  cement  is  unadulterated.  The  higher  the  burning,  short  of 
Titrificatinn,  the  better  thecemeittand  the  higher  the  sf>eci fie  gravity.  If  under" 
burned,  the  specific  gravity  of  Portland  cement  may  fall  bekxw  8 ;  if  overbunied. 
it  may  j-each  3.5.  Natural  cement  has  a  specific  gravity  of  about  2.6  to  2.8,  and 
Puzzolan  about  2.7  to  2.8. 

The  temperature  may  vary  between  fiO°  and  80®  F.  Any  approTcd  form  of 
Tolunienouieter  or  specific  gravity  bottle  may  be  used,  graduated  to  cubic  centi- 
meters with  decimal  subdivisions.  Fill  the  instrument  to  zero  of  scale  with 
benzine.  Take  100  grams  of  sifted  cement  that  has  been  previously  drle<i  by 
exposure  on  a  metal  plate  for  20  minutes  to  a  dry  heat  of  21?^  F.,  and  allow  it  to 
pnss  slowly  into  the  Denzine,  taking  care  that  the  powder  does  not  stick  to  the 
sides  of  the  graduated  tube  above  tne  fluid,  and  that  the  funnel,  through  which 
it  is  introduced,  does  not  touch  the  fluid.  The  approximate  specific  gravity  will 
be  represented  by  100  dirlded  by  the  displacement  in  cubic  centimctei-s.  The 
operation  requires  care. 

(3)  Sonndness,  and  (4)  settlngr  qnalities.  The  temperature  should 
not  Tary  more  than  10°  from  62°  F.  For  Portland  cement  use  20.  for  Natural  30, 
and  for  Puzzolan  18  per  cent,  of  water  by  weight.  Mix  thoroughly  for  5  minutes. 
On  glass  plates  make  two  cakes  about  8  inches  in  diameter,  %  inch  thick  at  the 
micTdle  aud  drawn  to  thin  edges,  and  cover  them  with  a  damp  cloth.  A  t  the  end 
of  the  minimum  time  specified  for  initial  set,  apply  needle  -^  inch  diameter, 
weighted  to  \^  pound.  If  an  indentation  is  made,  the  cement  passes  the  require- 
ment for  initial  setting.  Otherwise  the  setting  is  too  rapid.  At  the  end  of  the 
maximum  time  specified  for  final  set,  apply  the  needle  -^  inch  diameter,  loaded 
to  one  pound.  If  no  inden  tation  is  made,  the  oement  passes  the  requirement  for 
final  set.    Otherwise  the  setting  is  too  slow. 


ich 

rill  / 

['he  / 

aid  (   M 

the  ^ 


and 


(ienerally  speaking,  both  periods  of  set  are  lengthened  by  increase  of  moisture, 
id  shortened  by  increase  of  temperature. 


*By  Portland  cement,  in  this  report,  is  meant  the  product  obtained  by 
calcining  intimate  mixtures,  either  natural  or  artificial,  of  argillaceous  and 
calcareous  substances,  up  to  incipient  fusion.  By  Natural  cement  is  meant 
one  made  by  calcining  natural  rock  at  a  heat  below  incipient  fusion,  and  grind- 
ing the  product  to  powder.  By  Passolan  is  meant  the  product  obtained  by 
grinding  slag  and  slaked  lime,  without  subsequent  calcination. 
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In  gaging  Portland  oement  in  damp  weather,  thesamples  should  bethoroagbW 
dried  Mfore  adding  water.  This  precaution  is  not  deemed  necessary  with 
Natural  oement.  Sufficient  uniformity  of  temperature  will  result  if  the  lesliug 
room  be  comfortably  warmed  in  winter,  and  if  the  specimens  be  kept  out  of  the 
sun  in  a  cool  room  in  summer,  and  uuder  a  damp  cloth  until  set.  Temperatures 
may  rary  between  60°  and  80^  F.,  without  aflectiug  results  more  than  ihi 
probable  error  in  the  obserration. 

Boillnir  tost.  Place  the  two  cakes  under  a  damp  oloth  for  24  hours.  Place 
one  of  them,  still  attached  to  its  plate,  in  water  28  oars;  immerae  the  other  la 
water  at  about  70^  F.,  and  let  it  be  in  a  rack  abore  the  bottom  of  the  leoepcacle ; 
heat  the  water  gradually  to  the  boiling  point,  maintain  the  heat  for  6  hours  aud 
then  let  cool.  The  boiled  cake  should  not  warp  or  become  detached  from  the 
plate,  or  show  expansion  cracka  If  the  cold-water  cake  shows  erideooesouly 
of  swelling,  the  cement  mar  be  used  in  ordinary  work  in  air  or  fresh  water  for 
lean  mixtures,  but  if  distortion  or  expansion  cracks  appear  in  it,  the  ceoieoi 
should  be  n^ted. 

Aeeeleratod  tosts  are  not  generally  recommended,  but  where  a  test  must 
be  made  in  a  short  time,  the  boiling  test  is  considered  about  the  best.  It  not 
only  gives  short-time  inaicatlons,  but  at  once  directs  attention  to  the  presence 
of  ingredients  which  might  lead  to  disintegration.  On  the  other  hand,  it  may 
lead  to  the  rejection  of  a  cement  which  would  behave  satisfkctorilT  in  actuiu 
work  an6  which  would  stand  the  test  after  air-slaking.  Sulpliate  of  time,  while 
enabling  cements  to  pass  the  boiling  tests,  introduces  an  element  of  danger. 

(5)  Tensile  tosts  are  preferred  to  flexural  or  oompressiTe  testa  Sand 
tests  are  the  more  importaut  and  should  always  be  made;  and  neat  tests  should 
be  made  if  time  permits. 

A  cement  which  tests  moderately  high  at  7  days,  and  shows  a  snbstantial 
increase  in  strength  in  28  days,  is  more  likely  to  reach  the  maximum  strength 
slowly  and  retain  it  indefinitely  with  a  low  modulus  of  elasticity,  than  a  oeuieat 
which  tests  abnormally  high  at  7  days  with  little  or  no  increase  at  28  dayk 

Use  briqaettes  or  the  form  recommended  by  the  American  Society  of  CiTil 
Engineers,*  measuring  1  inch  square  in  cross-section  at  place  of  rupture,  and 
held  bv  close-fittinK  metal  cli|ia,  without  rubber  or  other  yielding  contacts.  The 
tests  should  Ite  maae  immediately  after  taking  tlie  briquettes  from  tlie  water. 

Ife»t  tonslle  testa.  Use  unsifted  cements.  For  Portland  oement,  ui«e 
20;  for  Natural,  80;  and  for  Puzsolan,  18  per  cent,  water  by  weight.  Phuse  the 
oement  on  a  smooth  non-absorbent  slab;  In  the  middle  make  a  crater  suflBcieut  to 
'old  the  water;  add  nearly  all  the  water  at  once,  the  remainder  as  needed ;  mix 

K>rougbly  by  turning  with  the  trowel,  and  Tigorously  rub  or  work  the  i 

r  5  minutes^ 

Place  the  briquette  mold  on  a  glass  or  slate  slab.    Fill  the  mold  with  i 

re  layers  of  cement,  each  to  be^^  inch  thick  when  rammed.    Give  each  layer 
taps  with  a  soft  brass  or  copper  rammer  weighing  1  pound,  having  a  face  ^ 

ich  diameter  or  0.7  inch  square,  and  falling  about  y^  Inch. 

After  filling  the  mold  and  ramming  the  last  layer,  strike  smooth  with  a  trowei, 
tap  mold  lightly  oi\,side,  to  free  cement  fh>m  plate,  remove  the  plate,  and  leave 
for  24  hours,  ooverM  with  a  damp  doth.  Then  remove  the  briquette  tnna  the 
mold  and  immerse  it  in  fresh  water,  which  should  be  renewed  either  oontioo- 
Ottsly  or  twice  in  each  week  during  the  specified  time. 

Tensile  testa  with  sand.  For  Portland  and  Pusiolan  cements,  use  1 
part  cement  to  3  parts  sand ;  for  Natural  or  Rosendale,  1  to  1.  Use  crushed 
quarts  sand,  psasing  a  No.  90  standard  sieve,  and  being  retained  on  a  No.  SO 
standard  sieve. 

After  weighing  carefully,  mix  dry  the  cement  and  ssnd  until  the  mixture  Is 
unifonn,  add  the  water  as  in  neat  mixtures,  and  mix  for  6  minutes.  Tlieeoo* 
stituents  should  be  well  nibbed  together. 

For  maximum  strength  in  tested  briquettes.  Portland  cements  re^vlro 
water  »  11  to  12X  per  cent,  by  wsig^t  of  oonsatuent  tasd  and  ssneDi ; 
Natural,  15  to  17 ;  and  Pusaolan,  9  to  10. 

A  machine  which  applies  the  stress  automatically  and  at  a  anlAama  wmtti 

«6ee  page  1286. 
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of  incrfpi  is  preferable  to  one  controlled  entirely  by  band.  The  stress 
should  be  increuea  at  the  rate  of  about  400  lbs.  per  minute.  A  rate  materially 
greater  or  less  than  this  will  give  different  results. 

The  highest  tensile  strength  from  each  set  of  briquettes  made  at  any  one  time 
is  to  be  considered  the  governing  test. 

Field  teste  are  reoommended,  whether  or  not  the  more  elaborate  tests 
abore  described  have  been  mad&  In  connection  with  tests  of  weight  and  fine- 
ness, and  observations  of  texture  and  hardness  in  the  work,  field  tests  often 
suffice  for  well-known  brands,  showing  whether  the  cement  is  genuine  and 
whether  it  is  reasonably  sound  and  active.  Pats  and  balls  of  neat  cement  from 
the  storehouse,  and  of  mortar  from  the  mixing  platform  or  machine,  should  be 
frequently  made.    Estimate  roughly  the  setting  and  hardening  qualities  by 

Eressure  of  the  thumb-nail ;  hardness  of  set  and  strength  by  breaking  with  the 
and  and  by  dropping  upon  a  bard  surface.    The  boiling  test  may  also  be  used. 
Should  the  simple  tests  give  unsatisfactory  or  suspicious  results,  then  a  full  series 
of  tests  should  be  carefully  made. 
A  cement  may  be  r^ected  if  it  falls  to  meet  any  of  the  following  requirements 

Reqalremeiite. 

Portland.    Natural.    Puzaolan. 
Slow.    Quick. 
Fineness.    Percentage  to  paas  through  a  No. 

100  sieve  as  in  (1) 87  to  92* 

Specific  gravity.    Between 8.10  8.10 

and 8.25  8.25 

Time  of  setting.    Initial,  not  less  thnn ...45  m.         20  ra. 

nor  more  than 80  m. 

Final,  not  less  than 45  ni. 

nor  more  than  10  h.  2.5  h. 

Tensile  strength,  neat, 


IK-  «--^   i„  /  7dfty!*t 450  400 

Bm.  per  sq.  in.  j  28  davH  f 540  480 

rensile  strength.     With  sand,  as  in   (5). 


Tensile  strength.     With  sand,  as  in   (5). 

'  Tdavsf , 

Sdaysf 220 


IK-  .»-«.^   In  J  Tdavsf 140  120 

Om.  per  sq.  in.  \28c'  — 


80 
Not 
given 
20  m. 

97 

2.7 

2.8 
45  m. 

'4'h.* 

ioh. 

90 
200 

350 
500 

60 
150 

140 
220 

*92  per  cent,  is  quite  commonly  attained  by  high-grade  American  Portlands, 
but  rarely  by  imported  brands.    Kor  the  latter,  usp  87. 
fB^fect  auy  cement  not  showing  an  increase  at  28  days  over  7  days. 
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DIGESTS  OF  SPECIFICATIONS. 

BequlrementB. 
Amerlean  Society  for  Testing  Materials. 

Dlgrest  of  Speeifleatlon  adopted  by  the  Society,  Nov  14,   190i. 

See  Amendmeota  of  1908-* 

Adopted  by  A«m  of  Am  Portland  Cement  MArs,  June  10, 

1904.*  and  by  Am  Ry  £n«  A  Maint  of  Way  Aiisn,  Mat  21.  1905.* 

1.  PaelLa|re«.  Brand  and  mfr'a  name  plainly  marked  thereon.  Bag 
to  contain  94  lbs  net.     Bbl  Portland  —  4  ba^s;  nat,  3  bags. 

2.  Tests  in  accordance  with  recommendations  of  Comm  of  A  S  C  E.  p 
1234.  "Cem,  failing  to  meet  the  Tnday  requirements,  may  be  held  awaiting 
the  results  of  the  28-day  tests  before  rejection." 

S.  anallUes.  Ifatoral  Portland 

8p  gr,  oem  thoroljr  dried  at  100*  C* min    2.8*  min    3.1 

XJosB  of  wt,  on  ignition ...  * 

Fineness.     Percentage,  by  wt: 

Residue  OP  No.  100  sieve max   10  max      8 

on  No.  200  sieve max   30  max    25 

Time  of  setting,  mins,  initial min     10  min     30 

i«      L„^  /  min     30  /  min     60 

°*^ 1  max  180  \  max  600 

Tensile  strgth, 

Min  requirements,*  lbs  per  sq  inch;  briquettes  I  ineh  square  8ectio&. 
Briquettes  must  show   no   retrogression  in  strgth  during  specified 

periods. 
1  day  in  moist  air  in  all  cases. 
Neat  Natural  Portland 

24  hours 50  to  100  150  to  200 

7  days 100  to  200  450  Co  550 

28  days 200  to  300  550  to  650 

1  part  cem,  3  parts  standard  sand. 

7  days 25  to    75  150  to  200 

28  days ^75  to  150  200  to  300 

Soundness  (constancy  of  volume) 

(For  normal  ana  accelerated  tests,  see 

digest  of  A  S  C  £  Specfns,  p  945) t«  stand  to   stand 

normal  test.  normal  and 

acoderated 
tests. 

nhydrous  sulfuric  acid max  1 .759r 

[.ignesixt max  4.00% 


Engineering  Standards  Committee  of  Great  Britain, 

Adopted  Nov.  23,  1904. 

1.  Consignments  of  from  100  to  250  tons  to  have  expert  testing  and 
chemical  analysis.  For  consignments  of  less  than  100  tons,  makers  shall,  if 
required,  give  certificate,  for  each  delivery,  that  oem  meets  thia  spee'n. 

S.  Samples.  Test  samples  to  be  taken  as  soon  as  bulked  at  factonr 
or  on  the  work,  at  consumer's  option.  Samples  to  be  taken  from  each 
"  parcel, '*  each  sample  consisting  of  cem  from  at  least  12  diff  positions  in 
same  "heap,"  mixed  together  and  spread  out,  3  ins  deep,  for  24  hours,  at  a 
temp  between  58**  and  64"  F. 

*  Amendments  adopted  by  Am  Soc  for  Testing  Materials,  Sep  1908: 

Strength.  The  means  of  the  values  given  shul  be  taken  as  the 
reouired  minima  where  these  are  not  specified. 

Natural  Cement.     Omit  specification  for  speoifio  gravity. 

Portland  Cement.  Spedfio  gravity.  For  *'thort}ly  dried  at  100^  C." 
read  "ignited  at  a  low  red  heat?'  >~     ^. 

Ix«s  of  weight,  on  ignition.  >  4%.  o^.^edbyL^OOgle 
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Reqiiireiiieiits.     Enf(ln«eriii9  Standards  Commliiee  of 

Oreat  Britain.     Continued. 
S.  Fineneaii. 

Meshes 

' • '  Wire  Residue  not 

per  Un  inch        per  sq  inch  diam,  ins  to  exceed 

76  6,776  0.0044  6.0% 

180  32.400  0.0018  22.6% 

Wire  woven,  not  twilled. 
4.  Tensile  streniTtlft* 
Test  room  temperature,  68^  to  64^  F. 
Water,  fresh,  renewed  every  7  days.     Temp  58**  to  64*  F. 
Paste,  smooth,  easily  worked,  that  will  leave  the  trowel  deanly  in  a  oom- 
pact  mass. 

Briquette,  filled,  not  rammed,  into  mold  resting  upon  an  iron  plate,  and 
left  until  cem  has  set.  Briquette  kept  in  damp  atmosphere  24  hours;  then 
in  water  until  broken.    Clips.    See  fig.  1. 


8H 


I^lan> 


•  -                          WW                             -, 

8 

r     -  0.40  mch; 

•s 

R    -  0.60     " 

s 

w    -  1.00     " 

s 

-  thickness; 

W  -  1.75  inch; 

h     -  2.00     " 

H    -  3.00     " 

1- 


Fiff  1*    Briquet  and  Clips. 


Jnohes 

British  Standard. 


Load,  start  at  zero.     Add  100  lbs  each  12  seconds. 

Neat  test.  6  briquettes  at  7  days,  and  6  at  28  days.  Av  of  the  six  ao- 
eepted  as  the  tensile  strgth  of  the  cement.  7  days,  <  400  lbs  per  sq.  inch; 
28  days,  <  600. 

When  7  day  test  fa  betw  '"ZTil'Zt'' ^"^t^ 

400  and  460  lbs  per  sq.  in 25  per  cent. 

460  and  500     ' 20 

600and560     "     "     "     *' 16 

650  and  over    "     "     "     " 10        " 

Test  with  sand.  By  wt,  1  cem,  3  standard  sand  from  Leighton  Buuard, 
thoroly  washed  and  dried.  Sand  must  pass  No.  20  sieve  of  0.0164  inch 
wire,  and  remain  on  No.  30  sieve  of  0.0106  inch  wire.  Mixture  thoroly 
wetted,  but  without  superfluous  water.  7  days,  120  Ibe  per  sq  inch;  W 
days,  226.    Increaae,  from  7  to  28  days,  not  less  tl»*^j  2p  ^OOQ IC 
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Beqnlrements.    En^ineerlns  Standards  GoniBtftttee  #i 
Great  Brttain.    Continued. 
«^**j  Time,  miiui 

Quick 30  10 

Medium 120  30 

Slow 300  120 

"Set"  has  occurred  when  needle,  loaded  with  2H  Ib^i  with  flat  end  ^ie 
inch  square,  fails  to  make  an  impression. 

6.  Soondness.  LeChatelier  test.  Expansion  not  to  exceed  12  mm 
after  24  hours  aeration;  6  mm  after  7  days. 

7.  Speelllc  fpraTlty.  Not  less  than  3.15.  when  sampled  and  hermeti- 
cally sealed  at  makers'.  Not  less  than  3.10,  when  sampled  after  delivery  to 
consumer. 

8.  Analysis. 

Water,  >  2  %,  whether  added  or  naturally  absorbed  from  the  air. 

Calcium  sulfate,  >  2  %  of  wt  of  cem,  calculated  as  anhydrous  calcium 
sulfate. 

Lime,  >  enoush  to  saturate  the  silica  and  alumina. 

Insoluble  residue,  >  1.5  %.  Magnesia,  >  3  %.  Snlftirte  aa- 
liydrlde,  >  2.5  % 


American  Society  of  OtU  Engineers. 

Digest  of  report  of  Committee  on  Uniform  Tests  of  Cement,*  Jan  '03.  as 
amended  Jan  '04  and  Jan  '08. 

1.  Selection  of  samples  left  to  discretion  of  empneer.  Number  of 
samples  and  quantity  to  be  taken  from  each  package  depend  upon  impor- 
tance of  work,  upon  number  of  t«sts  to  be  made  and  upon  facilities  for 
making  them.  Where  conditions  permit,  sample  one  bbl  in  ten.  Individual 
samples  may  be  mixed,  and  av  tested;  but,  where  time  permits,  test  sepa- 
rately. 

9.  Barreled  cement  to  be  sampled  through  a  hole  made  in  the  center 
of  a  Rtave.  midway  between  the  heads,  or  in  the  head.  Bagied  cement  to 
be  sampled  from  surface  to  center. 

8.  Samples  to  be  coarsely  screened  thru  a  No.  20  sieve. 

4.  Chemical  analysis  may  show  adulteration  in  the  eaj«e  of  oems 
ich  in  inert  material,  but  is  not  conclusive  evidence  of  quality.  Conunittee 
^commends  method  proposed  by  Committee  on  Uniformity  Ac,  New  York 
ection  of  the  Society  for  Chemical  Industry,  see  E  N,  '03,  Jul  10,  p  60; 

i:  R, '03.  Jul  11,  p  49. 

5.  Specific  gravity  tet^t.  Le  Chatelier's  method  recommended.   Fig  1. 
Flask,  D,  120  cubic  centimeters  (cc);  neck  about  9  mm  diam  and  20  cm 

long,  with  bulb,  C;  vol,  betw  marks,  F  and  E,  20  cc.  Neck  graduated,  to  0.1 
cc,  above  F.  Neck  of  funnel,  B,  enters  neck  of  flask,  and  extends  to  top  of 
bulb,  C.  Use  benrine  (62^  Baum6  naphtha)  or  kerosene  free  from  water. 
During  the  operation,  in  order  to  avoid  variations  in  the  temperature  of 
this  liquid,  the  flask  is  kept  immersed  in  water,  in  a  jar.    Two  methods,  vix: 

(a)  Flask  filled  to  lower  mark.  E.  Weigh  out  64  grama  (2.25  os)  of  the 
cem  powder,  cooled  to  temp  of  liquid.  Thru  the  funnel,  B,  introduce  the 
cem  powder  gradually  until  surf  of  liquid  reaches  the  upper  mark,  F.  Then 
64  grams,  minus  wt  of  powder  remaining  unused,  —  wt,  w,  whieh  has  dis- 
placed 20  CO  and 

Specific  gravity  —  tp  /  20. 

(b)  Fill,  with  liquid,  to  lower  mark,  E,  as  before.  Add  the  entire  64 
grama  cem  powder,  liquid  rising  to  some  division  of  the  graduated  neck. 

T  *P®^-  ?,  W®****®''  Richard  L.  Humphrev.  Geo.  F.  Swain.  Alfred  NoWc* 
fe**rf  Sv  %*****'  Spencer  B.  Newberry.  Clifford  Richardson.  F.  H.  Lewis, 
W.  B.  W.  Howe.    A  S  C  E.  Proceedings,  Jan  '03.  Feb  '<¥s^S^ 
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T«sto.    Am  Soc  CfT  IRwkgrm,    Continued. 

The  reading  of  thiB  diviaon,  plua  20  cc,  is  the  vol,  v,  duplaoed  by  64  grams 
of  the  powder;  and 

Spedfio  gravity  —  d4/r. 

6.  Fineness.  Sieves  should' be  circular  about  20  cm  (7.87  ins)  diam, 
6  cm  (2.36  ins)  high,  with  pan  5  cm  (1.97  ins)  deep,  and  a  oover. 

Sieves  should  be  of  wire  cloth. 

No.  100,    96  to  100  meshes  per  lineal  inch;  wire  0.0045  inch  diam. 

No.  200.  188  to  200        "       "         0.0024    " 

Use  50  fjams  (1.76  oi)  or  100  grams,  oem;  dried  at  100^  C  (212<'  F). 
Hand  sieving  preterred.     Use  No.  2(X)  sieve  until  one  minute  oontinuoiM 


reported  to  the  nearest  0.1  %. 
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Sp  grav  Flask. 


Figr^. 

Vleat  Needle  Apparatus. 


Mormal  eonslsienej'. 

Stt,! 

lOV  IS  c 

The  quantitsr  of  oeni;  to  be  subsequently  used  for  each  batch  in  making 


The  percentage  of  water,  used  in  making 

soundness  and  setting,  —*-"--  -«^-*-  *»— 

'  is  determined  as  follows : 


the  pastes,  for  tests  of  strgtL,  soundness  and"  setting,  vitally  affects  the 
results.     Normal  oonsisteno    '    *  -  *  " 


i< 


the  briquettes,  but  not  less  than  500  grams,  is  kneaded  into  a  paste  as  under 
"Mixing,''  1  12  quickly  formed  into  a  ball,  with  the  hands,  and  tossed 
tax  times  from  hand  to  hand,  held  6  ins  apart.  The  ball  is  then  pressed  thru 
the  larger  opening  of  the  '\^eat  needle  apparatus  into  the  gum  nng,  /,  7  cm 
(2.76  ins)  diam,  4  em  (1.57  ins)  deep,  smoothed  off  below,  and  placed  on  the 
glass  piste,  J.  Its  iipper  surf  is  then  smoothed  off  with  a  trowel.  The  point 
of  the  Vicat  needle,  H.  is  then  brought  into  eontact'with  the  upper  surf  of  the 
sample,  and  the  cyl,  L,  is  allowed  to  descend.  The  paste  is  of  the  normal  con* 
sistency  when  the  needle  penetrates  to  a  depth  of  1  cm  (0.39  in).  With  thia 
rather  wet  paste,  the  committee  believes  uiat  variations,  in  the  amount  of 
compreasion  to  which  the  briquette  is  subjected  in  molding,  are  likely  to  be 
less  than  with  a  drier  paste. 

H.  SetUngr.  Vicat  needle.  £r.  Fig  2. 1  mm  (0.039  in)  diam,  kiaded  to  300 
grains  (10.58  oa).  Setting  has  begun  when  needle  ceases  to  pass  a  point  5 
mm  (0.20  in)  above  the;  upper  surface  of  the  glass  plate;  and  has  terminated 
when  the  needle  does  not  visibly  penetrate  the  mass.  Test  pieces  kept  damp, 
during  test,  by  storute  in  a  moist  box  or  closet,  or  placed  on  a  rack  over  water 
in  a  pan  and  ooverea  by  a  damp  cloth,  the  cloth  resting  upon  a  wire  screen,  so 
as  not  to  touch  the  test  pieces.    Keep  needle  clean;  as  cem,  adhering,  seriously 
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Continued. 


vitiates  results.  Time  of  setting  is  materially  affected  l^  temp  of  mixiBs 
water,  by  temp  and  humidity  of  air,  by  the  percentage  of  water  used,  and  by 
the  amount  of  molding  paste  receives. 

9.  Standard  sand.  Crushed  quarts  objectionable,  "espedally  on  ae> 
count  of  its  high  percentage  of  voids,  the  difficulty  of  oompactinc  in  the 
molds,  and  its  lack  of  uniformity. "  Comm  recommends  natural  sand  from 
Ottawa,  111.  Sand  to  pass  a  No.  20  sieve,  with  wire  diam  —  half  the  diam  of 
spaces  betw  wires;  <  99  %  to  be  retained  on  a  similar  No.  30  sieve  after  1 
minute  of  continuous  siftins  of  a  500  gram  sample.  The  Sandusky  Portiand 
Cement  Co.,  Sandusky,  0..  naa  agreedTto  fumiah  such  a  sand  at  actual  eoat 
of  preparation. 

10.  Standard  briquette.  See  FSa.  8.  Am  Soo  Civ  Enm  .Dcrtted 
lines  are  those  recommended  by  earlier  Comm.  Trans,  Vol  14.  Nov.  1880. 


W  -  1.25  ina. 
c     -  0,25  " 
—  contact 
with 
briquet. 


Flff  S.     Briquet. 


Fly  a.     dip. 


GangMold. 


11.  Molds,  "of  brass,  bronse  or  some  equally  non-oorrodible  material;*' 
ndes  strong  enough  to  resist  spreading.  Gang  mold.  Fig  4,  recommended, 
because  the  greater  quantity  01  mortar,  required  for  it.  conduces  to  unifonn- 
Ity  of  results.    Molds  to  be  "wiped  with  an  oUy  doth  before  using/' 

12.  BUxlnv.  Proportions  stated  by  wt;  quantity  of  water  stated  as 
percentage  of  dry  material. 

Metric  system  recommended. 

Temp  of  room  and  mixing  water  as  near  21^  C  (70^  F)  as  practicable. 

Sand  and  cem  thoroly  mixed  dry.  Mixing  done  on  some  non-abeorbing 
surf,  preferably  plate  i^ass.  If  an  absorbing  surf  is  used,  it  should  fizvt  be 
thoroly  dampened. 

Quantity  of  material,  mixed  at  one  time,  dQ)ends  on  number  of  test 
pieces  to  be  made;  about  1000  grama  (35.28  os.)  convenient  to  mix,  eepe* 
dally  bv  hand  methods. 

Hand  mixing  and  hand  molding  recommended.  Material  weii^ied,  and 
placed  on  mixing  table,  and  a  crater  formed  in  the  center,  into  which  the 
proper  percentage  of  clean  water  is  poured;  material  on  outer  edge  turned 
into  crater  bv  a^  of  a  trowel.  As  soon  as  me  water  is  abeoriied,  tne  opera- 
tion is  completed  by  vigorously  kneading  with  the  hands  for  an  additional 
1 H  minutes.  A  sand-fllass  affords  a  convenient  guide  for  the  time  of  knead- 
ing.    The  hands  should  be  protected  by  gloves,  preferably  of  rubber. 

Molds  filled  immediately  after  the  mixing  is  completed,  material  presaed 
in  firmly  with  the  fingers  and  smoothed  off  with  a  trowel,  without  mechani- 
cal ramming:  material  heaped  up  on  the  upper  surface  of  the  mold.  In 
smoothing  off,  the  trowel  should  oe  drawn  over  the  mold,  exerting  a  mod- 
erate pressure  on  the  excess  material.    Mold  turned  over   and  operatioR 
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Tests.    Am  Soc  €lv  Eii§rni.    Continued. 

Weigh  the  briquettes  "juat  prior  to  immeraion,  or  upon  removal  from  the 
moiat  cloaet,"  and  reject  those  varying  >  3  %  from  the  av. 

IS.  Moist  Closet.  "A  moist  closet  conaiata  of  a  aoapatone  or  aiate  box . 
or  a  metal-lined  wooden  box — ^the  metal  lining  being  covered  with  felt  and 
this  felt  kept  wet.  The  bottom  of  the  box  ia  ao  constructed  aa  to  hold  water, 
and  the  aiaee  are  provided  with  cleats  for  holding  glass  shelves  on  which  to 
place  the  briquettes.  Care  should  be  taken  to  Keep  the  air  in  the  closet 
uniformly  moist." 

"Where  a  moist  closet  is  not  available,  a  cloth  may  be  used  and  kept 
uniformly  wet  by  immersing  the  ends  in  water.  The  cloth  should  be  kept 
from  direct  contact  with  the  test  pieces  by  means  of  a  wire  screen  or  some 
similar  arrangement." 

14.  Immersion.  * '  After  24  hours  in  moist  air  the  test  pieces  for  longer 
periods  of  time  should  be  immersed  in  water  maintained  as  near  21°  C 
(70^  F)  as  practicable;  they  may  be  stored  in  tanks  or  pans,  which  should  be 
of  non-eorrodible  materiid." 

15.  Tensile  strengrtli*  Solid  metal  clip,  Fig.  6,  recommended.  No 
cushioning  between  clip  and  briquette.  Briquettes  broken  immediately 
after  removal  from  water.  Center  the  briquette  carefully  in  the  clip,  to 
avoid  transverse  stresses.  Load  applied  at  rate  of  600  lbs  per  min.  The 
average  of  the  briquettes,  of  each  sample  tested,  should  be  taken  as  the  test " 
of  that  sample,  "excluding  any  results  which  are  manifestly  faulty." 

16.  Soundness  (Constoney  of  Voinme).  "In  the  present  state 
of  our  knowledge  it  cannot  be  said  that  cement  should  necessarily  be  con- 
demned simply  for  failure  to  pass  the  accelerated  tests  (below);  nor  can  a 
oem  be  considered  entirely  satisfactory,  simply  because  it  has  passed  these 
testa." 

Pats  of  cem  paste  of  normal  consistcy  (^  7^,  abt  7.5  cm  (2.95  ins)  diam, 
1.25  cm  (0.49  in)  thick  at  center,  tapering  to  thin  edge,  made  on  a  clean  glass 
plate  about  10  cm  (3.94  ins)  square,  24  hours  in  moist  air  before  test. 

(1)  Normal  test.  One  pat  immersed  in  water  maintained  as  near  21^  C 
(70PF)  as  possible;  one  in  air  at  ordinary  temp.  Both  observed  at  intervals 
for  28  days. 

(2)  Accelerated  test.  A  pat  is  exposed  in  any  convenient  way  in  an 
atmosphere  of  steam,  above  boiling  water,  in  a  loosely  closed  vessel,  for  5 
hours. 

Pats  must  remain  firm  and  hard,  and  show  no  signs  of  cracking,  distortion 
or  disintegration.  Warning  may  be  conveniently  detected  by  appljdng  a 
straight  edge  to  the  surf  wmch  was  in  contact  with  the  plate. 
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Sand.* 

1*  The  sand,*  used  in  mortar,  is  ordinarily  made  up  ehiefly  of  grains  of 

£a«rtB  (ailiea),  with  some  impurities,  mostly  graaos  of  silicioua  minerals, 
testing  oementa.  in  the  laboratoiy,  cruahed  quarts  or  some   standard 
natural, sand  is  used.     (See  Spee'ns  A  8  C  £,  under  Cement,  p.  1234.) 


2.  The  silica  of  the  quarto,  in  sand,  undergoes  no  •  _ 
in  the  mortar;  but  the  use  of  sand,  by  diminishing  the  quantity  of  oem  reod, 
reduces  also  the  cost  of  the  finished  work.     See  remarks  on  stzengUi,  unaer 
Mortar,  p  1248. 

SIZES  OF  ORAIirS. 

3.  ScreenlnfT*  Sand  and  gravel  are  screened,  usually  in  an  inclined 
fixed  screen,  upon  which  the  material  is  placed  by  a  conveyor,  or  shovded 
by  hand;  or  in  an  inclined  revolving  cylindrical  or  hexagonal  screen,  into 
wmch  the  material  is  fed. 

4.  Method  of  quarterlnir.  "To  obtain  an  average  sample  from 
a  pile  of  sand,  gravel  or  stone,  the  method  of  quartering  is  useful.  Shovel- 
fuls of  the  material  are  taken  from  various  parts  of  the  pile,  mixed  together 
and  spread  in  a  circle.  The  circle  is  quartered,  as  one  would  quarter  a  pie, 
one  of  t4ie  quarters  is  shoveled  away  from  the  test,  thoroughly  mixed, 
spread,  and  quartered  as  before.  The  operation  is  repeated  until  the  quan- 
tity is  reduoed  to  that  required  for  the  sample."     (T  A  T,  p.  281.) 

Moeh«aI«al  Asaljrste. 

5.  The  moehanlcal  or  trvanalOBKetrie  aaaljvls  of  MMida« 

etc.,  is  the  determination,  in  any  given  sand  or  broken  stone,  of  the 


,  It  is  usually  performed  by  means  of  sieves  or 

See  ^  3.    Sometimes,  for  broken  stone,  Ac,  by  hand-picking. 


tions  of  grains  of  di£f  sis 
screens. 

<L  Fig.  1  shows  mechanical  analyses  of  a  gravel  and  a  sand  by  Mr.  Allen 
Hasen  (Mass.  State  Board  of  Health,  Report  1892,  pp.  546-7).  In  order 
to  represent  both  analyses  on  a  single  diagram,  we  have  used  dm  scales  for 
diams  for  the  two  materials. 

7.  In  Fig.  1,  the  diagrams  show,  for  the  two  materials  there  represented, 
that 

of  the  sand,     10  %  was  in  grains  under,  and  90  %  over,    0.056  mn 
""    gravel,  10%    "     "      "  "        •'90%      "     34.5       " 
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FlfT  !•    Sand  Analyses. 


•  By  ^aand**  or  ^^irravel''  we  mean  a  mixture  of  mineral  par- 
ticles with  air,  or  water,  or  both*  i.  e.,  an  aggregation  of  mineral  particles, 
with  voids  betw  them  said  voids  being  filled  with  air,  or  with  water,  or 
with  air  and  water,  as  the  case  may  be. 

Hence,  the  "volume"  of  a  given  quantity  of  sand  or  of  gravel  is  the  space 
occupied  by  both  the  solid  particles  and  the  air  or  water  or  both,  filling  the 
voids. 

"Dry  MUDd,"  or  *'diy  gravel."  means:  not  solid  mineral,  but  a  mixture  of 
dryparticles  of  sand  (or  gravel)  and  dry  air. 

The  solid  mineral  portion  of  such  sand  or  gravel,  we  designate  as  * 


SAND. 
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Eflneetive  Slse. 

8.  The  efleetlve  slxe  (Ve.  a.")  of  a  sand  or  gravel,  as  defined  by  Mr. 
Hasen  (Mass  State  Board  of  Health,  Report  1802,  p  341;  Haxen,  Filtration, 
pp  21, 240)  is  that  size,  than  which  10  %,  by  wt,  of  the  grains  are  smaller,  and 
90  %  larger.  Or,  the  length  of  the  ordinate,  at  10  %  passing,  gives  the 
effective  sise.    Thus,  in  the  cases  just  mentioned.  Fig  1,  we  have: 

for  the  sand,  e.  s.  —  0.055  mm;    for  the  gravel,  e.  s.  —  34.5  mm. 

Uniformity  Coefflelent. 

9.  Vntronnltj'  coeOieleiit.  Similarly,  let  m  —  that  diam  of  grain, 
than  which  60  %,  by  wt,  is  smaller,  while  40  %  is  larger.     In  Fig  1,  we  nave 

for  the  sand,     m    —       0.46  millimeters; 

"     **  gravel,   m    —     51.00 
The  uniformity  coefficient  ("  u.  c.  ")•  is  m/e.  s.;  and  we  have: 
for  the  sand,   u.  c.  »    0.46/  0.055     »     8.4; 

"     "  gravel,  u.c.  -  51.00/34.5         -     1.48. 

10.  With  in  —  e.  8.,  the  unif  ooeff,  u.  c,  would  have  its  least  possible 
value,  —  1.  In  general  the  les9  nearly  uniform  a  sand  is,  as  to  size,  the 
higher  is  its  "uniformity  coeff." 

11.  In  ordinary  bank  sand,  the  effective  size,  e.  s.,  does  not  vary  widely 
Hence  the  uniformity  coefficient,  u.  c.  —  m/e.  s.,  varies  roughly  with  that 
diam,  m,  than  which  60  %  of  the  grains  are  smaller,  and  thus  serves  as  an 
indleatl«»ii  of  (he  coarseneMi,  as  well  as  of  the  departure  from 
uniformity,  of  the  sand.     (T  4c  T,  p.  182.) 

Feret^s  Method. 

12.  Mr.  R.  Feret  (Annales  dee  Fonts  et  ChaussSes,  1892,  second  semes- 
tre.)  made  elaborate  experiments  as  to  the  effects  of  fineness  of  sand,  and 
the  mixture  of  different  finenesses,  upon  the  density,  etc.,  of  sand  and  upon 
different  qualities  of  th^  mortar.  He  divided  his  sands  into  three 
finenesses,  as  follows. 

CJoarse,     c,  passing  5.0  mm  diam  —      4  meshes  /  sq  cm  ■-    5  meshes  /  lin  in 
Medium,  m,      "       2.0    "       •'      -    36      "       /   ^    "   =  15      "      /    " 
Fine,        /,        "       0.5    "       "      -  324      "       /'•••-  46      "       /     " 
"Coarse"  grains  are  retained  on  2.0  mm  diameter;  "medium"  on  0.5  mm. 


Fig  3. 

Sand  Analyses,  Feret. 
Seems. 


18.  The  results,  obtained  in  a  certain  case,  with  diff  mixtures  of  these 
three  grades  of  fineness,  are  shown  in  Fig  2,  which  is  similar  to  diagrams 
used  in  connection  with  alloys  of  three  metals.        igitizedbyLjOOQlC 
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14.  After  a  given  mixture  has  been  analsrsed,  and  its  peroentages  of  the 
three  grades  thus  determined,  it  is  plotted,  in  the  triangle,  by  a  point  so 

E laced  that  its  perp  diets,  from  the  three  sides,  respectiydy.  of  the  equi- 
iteral  triangle,  are  as  follows: 

distance  from  side  e     —  percentage  of  coarse    grains; 
**  '*     "in    —  "  "  medium       " 


"    / 


fine 


15.  The  plottinijp  of  the  points,  and  the  measurements  of  their  dists,  are 
facilitated  by  the  unes  drawn  parallel  to  the  three  sides  respectively. 

16.  Thus,  point  a  represents  a  sand  having  20  %  fine  grains,  30  %  medium 
and  50  %  coarse,  as  shown  by  the  three  scales;  20,  30  and  50  being  the  disU 
of  a  from  sides  /,  m  and  e,  respectively. 

17.  When  a  series  of  experiments  has  been  made,  upon  any  given  quality 
(as  density  or  porosity,  etc,  etc)  of  sand  or  mortar,  as  affected  by  diffs  in 
mixtures  of  the  three  nnenesses,  they  are  plotted  in  this  way,  and  "contour" 


or  **  Iso  "-lines  are  drawn  thru  those  points  which  represent  equal  results 
in  the  quality  experimented  upon.  Each  "iso "-line  therefore  represents  a 
series  oi  diff  mixtures,  each  ot  which  will  give  the  value  (as  to  density  or 
porosity,  etc,  etc)  represented  by  it. 

18.  Thus,  in  Fig  3  (T  &  T^  p  144,  Fig  51)  the  four  contours  and  the  point 
(0.610)  represent  five  diff  mixtures  of  coarse,  fine  and  medium  sanda,  said 
mixtures  having  densities  (see  1  20)  of  0.525,  0.550,  0JS75,  a600,  adlO, 
respectively. 

Densitjr. 

19.  Bpeellie  grmwlty  or  unit  weig^ht.  Solid  quarts  weighs  about 
165  lbs  per  cu  ft  —  2.643  grams  per  cu  cm;  sp  gr  —  2.o4  to  2.67. 

20.  In  mechanics  (see  p.  338,  Art.  14  a)  density  Is  defined  as  the 
HUMS  in  unit  volume.  In  sand,*  the  solid  portions  have  practically  constant 
sp  gr.  -Hence,  for  a  given  sand,  "denaitv^'  is  used  to  designate  the  vol  of 
solid  in  unit  vol  of  sand,  or  the  ratio  of  solid  to  total  vol.  This  ratio  is 
sometimes  called  the  "absolute  vc^ume."  Thus,  in  unit  vol  of  sand, 
"density"  —  1  —  vol  of  voids. 

ai.  The  greater  the  density  of  sand,*  the  leas  cement  will  be  reqd  for  a 
given  quantity  of  mortar. 

22.  The  weflgrht,  per  cable  A>ot,  of  a  sand,*  of  given  sp  gr. 
varies  directly  with  its  density;  and  this,  in  turn,  depends  upon  the  shi4>e 
of  the  grains,  upon  their  range  of  sise,  upon  the  compacting  accomplished, 
as  by  shaking,  tamping,  etc,  and  upon  the  dryness  of  the  sand. 


ft.a  [oJk    ofl     0.8     l5    ls|  1.A     15     iS]to    sj     %a    ijc 
20  40  60  60         lOOiSOUOiaOJ 

WHffhtper  unit  of  voIwftM. 
FliT  ^     Ratio  of  SoUds  and  Voids. 


•  See  foot  note*,  p  128$^,^. 
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28.  Fig  4  shows  the  relation  betw  (1)  the  unit  weight  and  (2)  the 
percenfaiTCS  of  solid  and  of  voids,  solid  quartz  weiiEhing  aa  in  K 19. 

Effect  of  Moisture. 

24.  The  eflteet  of  moisture,  upon  the  vol  of  a  given  quantity  of 
sand,*  b  affected  by  the  vol  of  air  introduced,  by  the  quantity  of  water,  and 
by  the  shape  of  the  grains. 

See  in  29  to  31. 

25.  It  is  impracticable  to  measure  the  vol  of  air  introduced,  and  its 
presence  vitiates  all  observations.  When  sand  grains  are  dropped,  one  at  a 
time,  into  water,  most  of  the.  air,  surrounding  the  grains,  is  left  behind  in 
the  atmosphere;  but  when  sand*  is  thrown  into  water  in  masses,  or  when 
moist  or  wet  sand  is  turned  over  b^  shoVeling,  considerable  and  unknown 
quantities  of  air  are  entrained  with  it. 

26.  In  moist  sand,*  the  total  (or  "absolute")  vol  of  voids  is  usually 
filled  partly  by  water  and  partly  by  air. 

27.  Within  a  certain  limit,  moisture  increases  the  adhesion  betw  the 
grains  of  sand^  and  thus  oppoees  their  sliding,  one  upon  the  other,  conse- 
quently opposing  the  compacting  of  the  sand;  but,  oeyond  that  limit,  it 
acts  as  a  lubricant  and  facihtates  the  compacting.     See  Hi  24,  25. 

28.  Let 

V    «>  volume,  in  ou  ft,  of  dry  quarts  in  1  ou  ft  of  sand;* 
r     —        "        "    '•    "   "voids  .1  J    *.  .«  ..      ••    ;  F  +  r  «  1  cu  ft; 

W   —  wt,  in  lbs,  of  1  cu  ft  of  pure  solid  quartz  —  165; 
10     —    "     *'    "     "  1  "   **  "   the  sand  (dry  or  moist,  as  the  case  may  be); 
d     —    "     "    "     "  dry  quarts  in  1  cu  ft  of  the  sand;  (in  dry  sand,  d  —  w), 
P    —    "     *•    "     "  water  added  to  1  lb  of  dry  sand;* 
—    **     '*    "     '*      "      in  (1  +  P)  lbs  of  moist  sand; 

p     - •      "  1  lb       "       '• 

m    -    "     1  cuff       " 

Then  p/P  -  1/(1  +  P);      and  p  -  P/(l  +  P); 

m  ^  top;      d  *«  w  —  top— w(l  —  p); 

F  -  (w  —  «  p)/W  =  d/165;      t;  -  1  —  7  -  1  —  d/165; 

1—p  1  — p 

29.  The  proportion,  p,  of  moisture  (lbs  of  water  in  1  lb  of  moist 
sand),  is  ascertained  by  heating  a  known  wt  of  the  moist  sand,  at  not  leas 
than  lOff  C  (212°  F),  until  no  further  loss  of  wt  takes  place,  and  noting  the 
loss  of  wt.    Then: 

f>  —  loss  of  weight  •+■  original  weight  of  portion  heated, 
n  dry  sand  (tig  4)  p  »  0,      to  p  —  0,      to  *-  d ;  and  we  have: 
V  -  VD/W  -  10/165  -  d/165. 

EflRects  of  Shape  and  Bise. 
SO.  Spherical  sralns.    If  a  number  of  spheres,  of  uniform  diam, 
D,  be  piled  as  closely  as  possible,  the  ratio  of  vol  of  solid  to  total  vol  is 

111 —  —  about  0.74;  and  the  voids  (about  0.26  X  the  total  vol)  are  of  two 

o 
sizes,  such  that  they  can  be  fitted,  respectively,  with  spheres  having  diams 
-  about  0.41  D  and  0.22  D.     (T  A  T,  pp  169-170.) 

81.  Effect  of  gradation  of  slses.  The  proportion  of  voids  may 
be  indefinitely  reduced  by  adding  to,  and  mixing  with,  the  original  grains, 
smaller  and  smaller,  or  larger  and  larger,  particles,  in  proper  proportions, 
each  size  occupyinga  portion  of  the  voids  left  between  the  particles  of  the 
size  next  coarser.  With  spherical  particles,  therefore,  the  voids  are  greatest, 
and  the  wt  per  unit  vol  least,  when  the  grains  are  of  uniform  size.  Thii 
seems  to  hold  true  also  for  particles  of  other  shapes. 

*  See  foot-note*,  p  1238.  *    r^r^a\c> 
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Otker  Properties. 

88.  Turbidity  test  for  silt  in  sand.  8ei>arate  the  alt  from  a 
eonaiderable  quantity  of  sand,  and  make  up  a  apeeial  sample  oootaininc  the 
max  proportioQ  of  out  allowed  by  the  Bpee'n.  Plaoe  a  aaxiall  known  portion 
of  tbu  mixture  in  a  known  quantity  of  clear  water  in  a  graduated  veoBei. 
Shake  the  Teasel  until  the  sample  is  thoroly  washed.  Insert  a  pin  hofiaon- 
tally  in  the  side  of  a  stick  near  its  end,  insert  that  end  of  the  stick  into  the 
vessel,  lowering  it  until  the  pin  is  no  longer  visible  thru  the  liquid,  and  note 
the  depth  of  the  pin  by  means  of  the  graduation.  Make  several  such  tests 
and  note  the  average  depth  of  disappearance  of  inn.  In  testing  sanmles, 
if  the  iHn  dis^pears  at  a  hic^her  elevation  than  the  standard,  the  sami  has 
more  ult  than  the  maximum  allowable,  and  vice  versa.  (W.  J.  Douglas, 
EN. '06 /Deo/20,  p  648.) 

8S.  The  presence  of  elay  and  loam,  in  sand,  may  be  de' 
teeted  by  rubbing  the  damp  sand  In  the  hand,  and  observing  the  condition 
of  the  hand,  or  by  mixing  the  sand  with  dean  water  and  noting  the  effect 
upon  the  water. 

84.  Wasbinc.  Dirty  sand  may  be  washed  in  a  epedally  constructed 
sand  washer;  or,  oy  means  of  a  jet  from  a  hose,  in  a  box  so  arranged  that 
the  mud,  clay  and  organic  .impurities  are  floated  off,  leaving  the  heavier 
sand  behind. 

85.  Washing  may  carry  off  the  finer  particles  of  a  wdl  assorted  sand, 
leaving  it  less  dense  than  befor^.  It  is  well  to  test  a  small  qoaatiiy  ci  tbe 
sand,  washed  and  unwashed,  before  arranging  to  wash  for  use.  (Jaa.  C. 
Hain,  ER.  '06/Jan/28,  p  105.) 

86.  Tbe  degri^ee  of  sbari>nem  of  a  sand  may  be  estimated  by 
means  of  the  sound  emitted  by  it  when  kneaded  betw  tbe  handa  or  mote 
oloeely  estimated  by  means  of  a  magnifying  glasi. 
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MORTAB.* 

CTonstttiiento. 

1.  Cement  mortar  oonaiflta  of  eem,  mixt  with  water,  with  or  without 
aoiDA  inert  ipuaular  material,  as  sand,  fine  gravel,  atone  or  gravel  screenings, 
or  ground  oinder.  Without  sand,  etc.,  the  mixture  ia  called  neat  mortar, 
or  cement  paste. 

Amonnt  of  Mortar  Be^nlred  for  a  CnMe  Yard  of  Maaonry.f 

Mortar. 
Deaeription  of  Masonry.  Cu  yd. 

Min.   Max. 

Aahlar,  18'  courses  and  H'  joints 0.03     0.04 

"      W 0.06     0.08 

Brickwork  (bricks  of  standard  siie,  8>iX  4  X  2M  Ins.): 

H'jointa 0.10     0.15 

H'to  ii'iointe ■ 0.26     0.36 

H'to  K'Jointa 0.36     0.40 

Rubble,  of  small,  rough  stones 0.33     0.40 

"  "  large  stonee,  rouffh  hammer-dreesed 0.20     0.30 

Squared-etone  masonry,  18*^  courses  and  MT  joints 0.12     0.16 

"  "       12*       "  ..     1.  '   ..     Q  20     0.26 

2.  Elfeet  of  roastlnir  mid   of  ■nbeeqnent  wettlnir.     The 

materiab,  of  which  oem  is  made,  are  inert  or  stable  compounds;  remaining 
practically  unchanged  under  ordinary  conditions;  but  when,  m  burning, 
the  calcareous  materials  are  subjected  to  high  temps,  either  alone  or  mixed 
with  argiUaoeous  materials,  relatively  unstable  compounds  are  formed, 
ready  to  enter  into  new  and  again  stable  compounds  when  their  particles 
are  brought  into  intimate  contact  by  being  mixed  with  water,  the  water  also 
entering  mto  the  new  combinations.  The  mixture  then  soon  "sets"  (loses 
plasticity),  and,  shortly  thereafter,  begins  to  solidify  and  harden. 

See  1  8,  Cement,  pl223. 

8.  In  the  process  of  crystallisation,  the  alumina  appears  to  act  chiefly  aa 
a  llniLy  promotiiig  the  formation  of  the  lime  silicate,  upon  which  the  success 
of  the  operation  depends.  Iron  oxide,  which  is  generally  present,  seems  to 
answer  as  well  as  alumina,  as  a  flux,  and  it  requires  a  less  high  temp  for 
ealeination. 

4.  Tbe  proportion  of  sanA,  which  should  be  used  in  any^ven  case, 
cannot  be  properly  stated  without  stating  also  its  range  of  sixe,  or  the 
proportion  of  voids  to  the  whole  mass;  but,  in  general,  good  Portland  cems 
wi]r"carry"  from  2  to  3  vols  of  sand;  nat  cems  from  1.6  to  2  vols. 

5.  Approximate  qnantltles  of  Portland  cement  and  loose 
■and  per  en  yd  of  mortar. 

Neat      1:1       1:2       1:3       1:4       1:6       1:6 

bblsoem 8.0       4.6       3.1       2.3       1.8       1.5       1.3 

cu  yds  looee  sand 0  0.66     0.87     0.07     1.02     1.06     1.10 

Cement  In  Mortar. * 

See  also  CEMENT,  p  1222. 

6.  Owing  to  the  cheapness  with  which  eementa  are  now  manufactured, 
and  the  superiority  of  the  mortars  made  from  them,  the  latter  have  to  a 
great  extent  snpereeded  lime  mortars,  even  in  ordinary  building 
operations. 

7.  In  selecting  cem,  a  reputation,  gained  by  years  of  successful  use 
and  experiment,  u  of  greater  value  than  the  results  of  a  few  tests:  but  such 
testa  are  of  value  for  excluding  inferior  parcels  of  such  accepted  brands. 

S.  Hlsl*  grade  eements  are  nsnally  eeonomieal,  even  at  a 
higher  cost,  as  they  allow  the  use  of  a  larger  proportion  of  the  cheaper  in- 
gredients, sand,  gravel  and 'broken  stone. 

^As  the  Btrgth,  permeability,  etc,  of  a  oonc  depend  largely  upon  those  of 
ita  mortar,  we  discuss,  under  'mortar,  *'  many  of  its  propoties  commonly 
diaeuased  under  "concrete" 

t Taken,  by  permission,  from  "A  TreaUse  on  Masonry  Construction,"  \a 
Ptof .  Ira  O.  Baker.    New  York,  John  Wiley  A  Sona.    9th  ediUon.  1907. 
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••  Free  litme.  Cem  may  eootain  "free"  (aneombiiied)  lime  tm  a 
result  (1)  of  insufficient  manipulaticni  of  the  raw  Tnwterieiw.  (2)  of  insufficient 
burning.  (3)  of  an  excess  of  iime  carbonate  (CaCOi)  in  the  raw  materials,  or 
(4)  of  adulteration  after  bumins  and  grinding. 

10.  This  lime  may  be  present  either  ss  quick  lime,  CaO,  or  as  dadked 
lime  Ca(OH)s,  either  of  which  may  be  washed  out  (the  CaO  first  becoming 
Ca(0U)2)  by  infiltrating  water.    This,  of  course,  weakens  the  oem. 

11*  fUacfced  Ume  takes  no  part  in  the  hardening  prooess,  bat  remaaos 
as  an  inert  filling  material. 

12.  Qniefc  lime  slacks  by  absorption  of  the  water  used  in  mixins; 
and,  when  the  burning  has  been  at  a  mffi  temp,  the  slacking  is  delayed.  If 
it  takes  place  during  toe  setting  of  the  cem,  the  swelling  of  the  lime  weakens 
Ihe  cem  by  rendering  it  porous.  If  slacking  is  ddayed  until  after  harden- 
ing, and  if  the  expansive  force  is  sufficient,  the  c^n  is  disintegrated. 

13.  Exeeai  of  lime  retards  setting,  and  reduces  soundness. 

14.  Free  Hagpieaia.  Much  uncertainty  exists  as  to  the  e£Fect  of  free 
magnesia,  in  diff  proportions,  in  cem.  Like  ume,  it  expands  when  wet,  but 
much  more  slowly;  and  its  presence  may  therefore  remain  unsuspected  until 
too  late.  l>olomtte«  or  magnesian  limestone,  contains  about  45  %  of 
magnesia,  Formeriy,  1.6  %  of  free  magnesia,  in  cem,  was  considered  dan- 
gerous. It  is  now  generally  believed  that  more  than  from  3  to  5  %  weakens 
the  cem,  and  that  8  %  or  more  causes  cracking.  In  any  proportion,  it  is 
probably  objectionable,  at  least  as  displacing  an  equal  quantity  of  the  more 
traluable  lime. 

Sand*  in  Mortar. 

See  also  SAND,  pp  1238,  Ac. 

15.  The  quality  of  the  concrete  depends  upon  the  strength  of  the  mortar* 
and  this,  in  turn,  depends  largely  upon  the  character  of  the  sand. 

16.  For  a  given  proportion  by  wt,  the  best  sand  is  that  which  produces  the 
smallest  vol  of  plastic  mortar. 

17.  Wetoht.  As  betw  two  sands,  of  a  given  material,  the  heavier  of 
course  has  the  smsller  vol  of  voids. 

18.  Fflneneas.  A  fine  sand,  well  assorted  as  to  sixes  of  ipun,  and 
therefore  dense,  may  make  better  mortar  than  a  coarser  sand,  with  grains 
of  more  neariy  uniform  size  and  therefore  less  dense. 

19.  Extreme  flnenemi  prevents  penetration  of  the  paste  betw  the 
-ains,  and  delays  setting. 

20.  Mortars  made  with  fine  sand,  altho  less  permeable  than  those  made 
th  coarse  sand,  are  apt  to  be  more  easily  acted  upon  by  sea  water. 

21.  Shrinkagre.    Mortars,  with  coarse  sand,  shrink  less  than  those 
th  fine  sand. 

22.  Sharpness.  It  has  been  customary  to  insist  upon  sbarpneas  of 
sTain,  in  sand  used  for  mortar,  probably  owing  to  the  impression  that  sharp 
grains  form  a  better  bond  with  the  cem  or  that  sharpness  indicates  freedom 
from  impurities;  but  the  advantage  is  doubtful.  Sands  with  rounded 
grains  are  commonly  used,  and  with  entirely  satisfactorv  results;  and  the 
laboratory  tests  generally  indicate  that  sharp-grained,  sands  have  no  marked 
superiority  Roundness  of  grain  facilitates  the  packing,  and  thus  increasea 
the  density  of  the  sand. 

28.  The  Board  of  Public  Works  of  Porto  Rico,  with  briquettes  of  1  :  2 
mortar,  found  25  %  greater  strgth  with  wasbed  than  with  nnwanhed 
sand.  Sand,  containing  much  foreign  matter,  should  be  tested  before  being 
accepted. 

24.  In  general,  the  evidence,  as  to  the  relative  ▼alnee  of  sand 
and  of  screening's,  appears  to  be  favorable  to  the  use  of  screenings  (see 
Experiments),  but  opinion  is  divided.  The  hydranllcltjr  of  the  dnst, 
in  the  screemngs,  may  add  to  the  strength  of  the  mortar. 

29.  Harry  Taylor,  Capt,  Corps  of  Engrs,  USA,  tested  1650  briquette* 
of  1  :  3,  1:4  and  1 : 5  mortars,  at  1,  3,  0  and  12  mos,  with  standard  orushel 
quarts,  Plum  Island  sand  and  crnsner  dnst.     Crusher  dust  gave  briquets 

«  See  foot-note,  SAND,  1  1,  p  1238.    y\jOOgle 
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2.3  times  stronger  than  sand,  and  72  %  stronger  than  quarts.  1  :  5,  with 
stone  dust,  stronger  than  1  :  3  quarts. 

26.  G.  J.  Griesenauer,  E  N,  '03 /Apr/16,  p  342.  Chicago,  Mil  A  St  P  RR. 
225  testa,  as  follows : 

lilmestoiie  acreeninors,  1  :  3,  passing  No  12,  held  on  No  40  sieve, 
averaged  74  %  better  than  Hammond  pit  sand,  1:3;  with  all  sizes  used, 
they  averaged  115  %  better.  Mortar  of  1  :  6  screenings  was  23  %  stronger 
than  1  :  3  sand.    Oravel  screen inpi  were  not  much  better  than  sand. 

27.  Maryland  highways.  Briquettes,  made  with  atone  sereenln^B, 
were  34  to  62  %  stronger  than  with  Potomac  River  sand. 

lilme  in  Mortar. 

28.  Tbe  anbstitntlon  of  10  %  to  20  %  llnte  paste  for  an  equal 
vol  of  cem  paste,  reduces  the  cost  of  the  mortar,  renders  it  leas  "short", 
and  slightly  retards  setting,  without  seriously  diminishing  its  strgth.  Larger 
quantities  reduce  strgth.     (Baker,  Masonry  Construction.) 

29.  Feret  found  the  effect  of  lime  dependent  upon  the  richness  of  the  cem 
mortar.  With  1  :  4  cem  mortar,  the  addition  of  4  to  5  %  of  dry  slaked  lime 
increased  the  strgth;  while,  with  1  :  1.25  cem  mortar,  the  addition  of  lime 
lowered  the  strgth.     (Chimie  AppUqu6e,  1897,  p  481.) 

Clay  in  Mortar. 

SO.  Laboratory  tests  indicate  that  a  small  adniixtnre  of  elay 

increases  rather  than  diminidties  the  strgths  of  mortar,  and  diminishes  its 
permeability:  but,  in  actual  work,  the  clay  particles  tend  to  adhere  and 
thus  to  form  lumps  having  but  slight  cohesion. 

81.  Laboratory  conditions,  as  to  dryness,  pulverisation,  etc.,  cannot  be 
reproduced  in  practice. 

82.  When  the  clay  occurs  naturally  in  the  sand,  it  may  not  be  practicable 
to  effect  a  perfect  mixture  and  distribution. 

88.  Clay,  etc,  are  more  likely  to  give  trouble  with  dry  than  with  wet 
mixtures. 

Consistency. 

84.  Relative  streni^bs  of  dry  and  wet  ntortars,  1:1.  Alfred 
Noble,  over  5000  experiments.     Strength  of  dry  mortar  taken  as  100. 

Portland  cement  Natural  cement 

Age        30  days    3  moe    6  mos     1  yr      30  days    3  moe    6  mos    1  yr 
Dry  Mortar....    100        100        100      100  100  100       100      100 

Moderately  stiff.     07  94  97        07  78  89         95        90 

Grout 90  92  91         95  63  77         86         82 

85.  Use  dry  cone  when  it  is  to  be  heavily  loaded  at  once.  Tests  indicate 
that  wet  and  dry  cone  will  be  equal  in  strgth  within  a  year. 

86.  Wet  cone  bonds  better  to  old  work  than  does  dry  cone.  Excess  of 
water  increases  efflorescence  and  laitance. 

87.  Role  for  pereentagre,  W,  of  water.  H.  P.  Gillette,  Cost 
Data,  p  266. 

Let  S  —  parts  of  sand  to  1  part  cem.    Then 
IF  -  (8  5  +  24)  -i-  (5  +  1). 
This  gives 

when  <S  -     1  1.5  2.0  2.5  3.0  3.5  4.0 

IT  -   16  14.4  13.3  12.6         12.0  11.5  11.2 

Falk  finds  that  mortars,  thus  proportioned,  adhere  well  to  steel. 

88.  Slafr  cement  requires  plenty  of  water  for  its  proper  hardemng. 
Therefore,  U  used  in  air,  slag  cem  mortar  should  be  kept  damp. 

SettiniT  And  Hardening. 

89.  Setting:,  or  the  loss  of  plasticity,  usually  occurs  within  a  few  hours 
(sometimes  within  a  few  minutes)  after  mixing  cem  with  water;  whereas 
nardeniny  and  inerease  of  streni^tli  (which  appear  to  result  from  a 
different  set  of  chemical  processes)  often  proceed  for  months  or  even  years. 
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4%.  Mold«4  Mo«lu  of  PortlMid  oono,  of  «v«o  80  toM  wt,  can 

generally  be  handled  and  removed  to  their  places  in  from  1  (o  2  weeks 


Initial  Mid  Final  Set. 

41.  Initial  and  Unal  set  are  stages  of  the  settusg  prooess.  arbi- 
trarily distinguished  by  meaiu  of  the  reeistaooe,  of  the  mortar,  to  penetra* 
tion  by  cylindrical  wiresi  of  standard  diams  and  loaded  with  standard  wts. 
the  blunt  ends  of  the  wires  resting  upon  the  surf  of  a  pat  of  the  mortar, 
formed  in  s  flat  cylindrical  mold  on  a  gbss  plate.    See  i  8,  p  1235. 

]>etennination  of  Set. 

42.  Ctonl  Totten,  (Genl  Q.  A.  Gilimore,  limes.  Hydraulic  Cements  and 
Mortars,  p  80.)  at  Fort  Adams,  R.  I.,  prior  to  1880,  used  a  Vis  inch  wire, 
loaded  with  0.25  lb,  and  a  V^  inch  wire,  loaded  with  1  lb;  initial  and  final 
set  being  taken  as  the  conditions  when  these  wires,  lespectivdy,  failed  to 
make  an  impresmon  upon  the  mortar. 

48.  Vleat  used  but  one  wire,  or  "needle."  The  A  S  C  E  (see  specifica- 
tions, p  943)  prescribes,  for  this  needle,  a  diam  of  1  mm  (0.030  inch)  and  a 
load  of  300  grams  (10.58  os).  Initial  set  occurs  when  the  end  of  the  needle, 
penetrating  a  pat  of  mortar  4  cm  (1.57  ins)  deep,  can  no  longer  approach 
within  5  mm  (0.2  in)  of  the  glass  plate;  and  final  set  when  the  needle  fails 
to  sink  visibly  into  the  mortar.  The  mortar,  under  the  setting  test,  must 
be  of  "  normal  consi«ten«r,**  or  such  that  a  cylindrical  rod,  1  cm 
(0.30  inch)  in  diam,  loaded  with  300  grams,  its  end  resting  upon  the  mactar, 
penetrates  1  cm  into  it. 


44.  Speed.  Some  of  the  best  oems  are  thesloweet  setting.  A  \ay9t  of 
very  quick-setting  cem  may  partially  set,  especially  in  warm  weather,  before 
the  masonry  is  properly  lowered  and  adjusted  upon  it.  and  anjr  diatnrfc- 
anee,  after  setting'  has  commenced,  is  prejnoicial.  On  the  othei 
hand,  qniefc-settinfr  eementa  are  best  in  certain  cases,  as  when  exposed 
to  runmng  water,  etc.  They  may  be  rendered  slower  by  adding  a  bulk  of 
lime  paste  equal  to  5  or  15  %  of  the  cement  paste,  without  weakening  thun 
seriously.     Mat  cems  usually  set  quickly.    Slag  cem  sets  slowly. 

40.  In  general,  settins  i»  aeeelerated  by  high  alumina  and  by 

soda  and  potaoh  in  the  cem,  l)y  freshness  and  fineness  oxthe  cem,  by  the  um 

of  warm  water  and  warm  sand  in  mixing,  and   by  warm  weather.    Bet* 

ting  Is  retarded  by  excess  of  lime  and  silica  in  the  cem,  by  the  preeenoe 

f  sand,  by  wetness  of  mixture,  by  cold,  by  retempering,  by  salt  or  sulfuric 

'      '   I  prssenceof  1  or  2  %  of  lime  sulfate,  either 

I  (plaster  of  Paris)  or  of  alaked  lime,  in  aoma 

J  general,  by  the  age  of  the  oemant,  but  the 

irage  of  new  cem  in  warm  places  acoderates  setting. 

i5a.  «nanni.    CaS04.    Time  of  setting  (initial  and  final)  ineraaaed 

pidly  with  additions  of  gypsum  up  to  about  2  %,  and  remained  eonatant, 
«  increased  slightly,  up  to  4  %.  £.  Candlot,  "Umanta  ei  Chaux  Hydrmi- 
iiques. " 

40  b.  Time  of  setting  (initial  and  final)  increased,  up  to  about  IA% 
sypaum,  but  then  decreased,  as  the  gypsum  was  increased  to  7  %.  Knia* 
kern  and  Gass,  Sibley  Jour  of  Engng,  (^«  Jan. 

45  c.  Calelnm  ehloride,  CaC^s.  A  weak  solution  retaris,  but  a 
concentrated  solution  accelerateSt  the  setting  of  Port  oems.  Thus,  with  10 
to  40  grammes  per  liter,  the  time  of  setting  reached  500  to  850  mine  ;  while, 
with  SOO  to  300  s|[rammes  per  liter,  it  was  reduced  to  from  2  to  25  mine. 
Cems  with  very  high  or  very  low  alumina  are  but  little  affected  by  CaClt. 
A  weak  solution  (30  to  60  grammes  per  Uter)  may  render  sound  a  cem  con- 
taining free  lime,  by  facihtating  the  hydration  of  the  lime.  E.  Candlot, 
**Ciments  et  Chaux  Hydrauliquea. " 

45  d.  From  HtolX%  dry  CaCU,  ground  with  oem  clinker  and  made 
into  pats  of  normal  consistency  (See  Tests,  ^  7,  p  1235)  increased  the 
time  of  initial  set  from  2  to  167  mina,  and  that  of  final  set  from  52  to  275 
mina.  With  6  %,  the  times  were  68  and  145  mins  respeothrely,  Kniakem 
and  Oass,  Sibley  Jour  of  Engng,  '05,  Jan. 

46.  Setting  is  attended  by  an  increase  of  temperature.  In  quiek 
•ettibg,  this  increase  may  amount  to  10*  C  (18"  F)  or  more. 
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47.  Slow  uettUkg  cema  are  apt  to  harden  more  rapidly  than  quiek 
eettios- 

48.  In  warm  air,  setting  cem,  in  drying,  loses  the  moisture  upon 
which  the  operation  of  hardeninc  depeoda.  It  therefore  seta  without 
liardeniiii^.  In  hot  weather  every  precaution  should  be  taken  against 
thia. 

49.  Gems  of  the  same  elass  differ  much  in  their  raptdity  of  harden* 
lufT*  At  tiie  end  of  a  month  one  may  sain  nearly  one-half  of  what  it  will 
gain  in  a  year,  and  another  not  more  than  one-sixth;  yet  at  the  end  of  a 
year  both  may  have  about  the  same  strength.  Hence,  tests  for  1  week 
or  1  month  are  by  no  means  conclusive  as  to  the  final  comparative  merits 
of  cements. 

59.  Many  year*  are  required  to  attain  the  greatest 
hardneni;  but  after  about  a  year  the  increase  is  usually  very  small  and 
slow,  especially  with  neat  cem.  Moreover,  any  subsequent  increase  is  a  matter 
of  little  importance,  because  generally  by  that  time,  and  often  much  sooner, 
the  work  is  oomipleted  and  exposed  to  its  max  loads. 

51.  Gems  which  are  slow-setting  when  made,  are  apt  to  beeonte  qniclc* 
aettinar  (or  **  flashing  ^)  when  stored,  especially  in  warm  places, 
and  if  the  cem  is  underiimed.  This  is  attributed  to  disintegration  of  the 
particles  and  consequent  increase  in  fineness.  The  change  sometimes  takes 
plaee  very  quickly.  Thia  difficulty  can  usually  be  overcome,  without 
redudnfE  the  strgth,  bv  storage  in  cod  places  and  by  adding  1  to  2%  of 
slaked  ume.  On  small  jobs,  a  few  lumps  of  lime  may  be  added  to  each 
bbl  of  mixing  water. 

52.  The  requirement,  not  uncommon  in  specfna,  that  a  eertain  percent- 
age of  Inerease  of  streufrth  muat  take  place  between  7  and  2S 
days,  tempts  the  mfr  to  gnnd  the  eem  coarsely,  or  to  adulterate  it  with 
inert  matenal,  in  order  that  it  may  not  gain  too  much  of  its  strgth  within 
the  fint  7  days. 

Properties. 


5S.  Vnsonndnesa,  in  cem  mortar,  is  the  tendency  to  expand,  contract 
or  disintegrate  in  air  or  water,  or  under  heat  and  cold.    See  Specifications. 

54*  Cem,  of  any  established  brand,  will  seldom  be  found  deficient  in 
strength;  but  may  be  deficient  in  soundness,  upon  which  durability  depends. 

59.  Unsoundness  is  generally  due  to  excess  of  free  lime,  arising 
from  incorrect  proportioning,  overbiu'nin^,  lack  of  seasoning,  or  coarseness 
of  grinding;  the  latter  preventing  perfect  hydration.  The  presence  of 
lime  suQ^hate  (gsrpsum  plaster  of  Paris)  is  favorable  to  soundness. 
Unsound  cem  is  improved  by  storage. 

CM.  dhaufre  of  dimensions  dnrinr  hardening  of  eonerete. 
Cone,  placed  In  air.  shortens  or  shrinks  during  the  first  two  or  three 
months:  while  cone,  in  water,  expands  during  about  the  same  tame. 
These  cnaoges  are  greater  with  those  cones  having  the  larger  proportions 
of  ( 


^ 


57.  Shrinkage  of  mortar  set  In  air. 

per  cent.  ins.  per  100  ft. 

Neatoement,* 0.132  toO.140  1.58  to  1.68 

Mortar,  1  ;  1,* 0.080  to  0.170  0.96  to  2.04 

Lean  mortani,t 0.030  to  0.050  0.36  to  0.60 

The  expansion  in  water  is  somewhat  less  than  the  contraction  in  air. 
The  total  change  in  dimensions  is  the  algebraic  siun  of  that  due  to  setting, 
and  that  due  to  temperature  changes. 

58.  ^  Cone  shrinks  less  when  it  sets  under  pressure.  Fineness  ol 
sand  is  conducive  to  shrinkage. 

*  Trans.  A  S  C  E,  Vol  xvii,  1887,  p  214. 

t  Gonadfere.  Experimental  Researches  on  Reinforced  Concrete.  Trans- 
lation by  MoiaBieff,  p  87. 
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CEMENT  MORTAR. 


59.  Cem  mortars  are  usually  tested  (by  means  of  briquets)  for  tenstl« 
strenytb. 

60.  Factors  aflteetina:  strenipth.  The  strengths  of  samples, 
under  test,  are  much  afifecteaby  the  temperature  of  the  air  and  water,  as  also 
by  the  force  with  which  the  cem  is  pressed  into  the  molds;  by  the  extent 
of  setting  before  being  put  into  the  water,  and  of  drying  when  taken  out; 
and  still  more  by  the  pres  under  which  it  sets,  which  increases  the  strength 
materially.  On  this  account,  oems,  in  actual  masonry,  may,  under  ordi- 
nary circumstances,  give  better  results  than  in  tests  of  samples.  The 
causes  named,  together  with  the  degree  of  thoroness  of  the  mixing,  the 
proportion  of  water  used,  and  other  considerations,  may  easily  affect  the 
results  100  %  or  even  much  more.  Hence  the  discrepancies  in  the  reports 
of  different  experimenters.  Specimens  of  the  same  cem,  tested  under 
apparently  similar  conditions,  may  give  widely  diff  results. 

01.  Pemonal  equation.  In  connection  with  the  building  of  the 
Croton  Aqueduct,  New  York,  one  set  of  testers,  testing  835  briquets,  ob- 
tained an  av  strgth  of  62.3  lbs  per  sq  in;  while  another  set  of  testers, 
testing  2434  exactly  similar  briquets  by  the  same  methods  and  under  the 
same  circumstances,  obtained  an  av  strgth  of  85.2  lbs  per  sq  in,  or  36  % 
greater. 

62.  Owing  to  such  uncertainties,  a  aeries  of  tests,  to  be  of  value,  niiiat 
cover  a  larnr®  nnmber  orspeelmens,  in  order  that  the  accidental 

diffs  nuiy  be  averaged. 

68.  Diffs  in  comparative  results  with  diff  materials  may  be  due  to  one 
or  other  of  several  diffs  betw  the  materials.  Thus,  in  comparing  mortars 
made  with  clean  and  with  dirty  sands,  the  strgths  may  be  more  affected 
by  diffs  in  density  than  by  the  diffs  in  cleanness  of  the  sand. 

64.  Eflf^t  of  afire.  The  diagram,*  Fig  1,  illustrates  approx  the 
strengths  of  av  Portland  and  of  av  nat  cems.  neat  and  with  2  and  3  parts 


14 9  3d       O 
W0«k9      Mbnih* 


Fl§r  1.    Ago  and  Strength  of  Mortar. 

of  sand,  vp  to  an  age  of  two  years.    Tests  may  readily  vary  10  per  cent 
or  more  eitnerway  from  the  average. 

*  See  Richard  L.  Humphrey,  in  "Cement/'  Chicago,  May,  1899. 
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65.  Fis  2*   shows,   approximately,  the   effect   of  Muid| 

Jd  diff  proportiona,  upon  the  streugths  of  Portland  and  natural  oement8»  at  dilf 


Effect  of  Saod  upon  Strength. 


ages  from  1  week  to  1  vear.  The  four  solid  curves  represent  average  Port 
land  cements,  and  the  four  dotted  curves  represent  average  natural  cements 
For  each  kind  of  cement,  the  curves  represent  ages  of  1  year,  6  months  1 
month  and  1  week,  respectively,  beginning  at  the  top.  Tne  curves  foi 
natural  cement  are  carried  only  to  5  parts  sand. 

•6.  The  compressive  strengths  of  cem  mortars^  in  cubes,  appear 
to  be  about  8  to  1  ()  times  their  tensiiw  strengths,  and  their  shearing  stigths 
about  V4  their  tensile  strgths. 

67.  The  adhesion  of  cem  mortars  to  bricks  or  ron^h 
mbble,  at  diff  ages,  and  whether  neat  or  with  sand,  may  be  taken  at  an 
av  of  about  %  the  tensile  strength  of  the  mortar  at  the  same  a^.  If  the 
bricks  and  stone  are  moist  and  entirely  free  from  dust  when  laid,  the  ad- 
hesion is  increased;  whereas,  if  very  dry  and  dusty,  especially  in  hot  weather, 
it  may  be  reduced  almost  to  nothing.  The  adhesion  to  very  hard,  smooth 
bricks,  or  to  finely  dressed  or  sawed  masonry,  is  less  than  the  adhesion  to 
rough  and  porous  surfs. 

68.  Dr.  Bohme,  Berlin,  found  tensile  strgth  +  adhesive  strgth  —  10, 
with  1  :  3  and  1  :  4  mortars,  and  *-  6  to  8,  with  neat  and  1  :  2  mortars. 

Finish. 

69.  Lime  mortar  and  oems,  when  used  as  mortar  for  brickwork,  oftenl 
disfigure  it,  especially  near  sea-coasts,  and  in  damp  climates,  by  white! 
efliorescence,  which  sometimes  spreads  over  the  entire  exposed  face  of 
the  work,  and  aiso  injures  the  bricks.  This  occurs  also,  to  some  extent, 
with  Portland  cems;  also  in  the  mortar  joints  of  stone  masonry,  but  to  a 
much  less  extent.  It  injures  only  poroua  stone.  It  is  usually  a  hydrous 
soda  or  potadi  carbonate,  or  magnesia  sulfate  (Epsom  salts)  often  with 
other  salts.  As  a  preventive.  General  Gillmore  recommends  to  add  to 
every  360  lbs  (1  bbl)  of  the  cem  powder,  100  lbs  of  auicklima  and  from 
8  lo  12  lbs  of  any  cheap  animal  fat;  the  fat  to  be  well  incorporated  with 
the  quick-lime  before  slacking  it,  preparatory  to  adding  it  to  the  cem. 
This  addition  will  retard  the  setting,  and  somewhat  diminish  the  strength 
of  the  cem.  It  is  said  that  linseed  ou,  at  the  rate  of  2  gals  to  300  lbs  of  dry 
cem,  either  with  or  without  lime,  will,  in  all  exposures,  prevent  efflorescence; 
but,  like  the  fat,  it  greatly  retards  setting,  and  weakens  the  cem.  See  also 
Bricks,  p  1221. 

70.  For  pointing,  the  best  Portland  cem  should  be  used,  and  is  best 
used  neat,  but  it  is  often  used  with  from  1  to  2  parts  of  sand.  Mix  under 
shelter,  and  in  quantities  of  only  2  or  3  pints  at  a  time,  using  verv  little 
water;  so  that  the  mortar,  when  ready  for  use,  shall  appear  rather  incoherent, 
and  quite  deficient  in  plasticity.    The  joints  being  previously  scraped  out 

•  Compfled,  by  permissioit  from  Prof.  Baker's  **  Masonry  Conatruction." 
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toadepthof  at  least  half  an  iaeh,  the  mortar  »  pat  In  by  troiral^  aatni||bt. 
edse  beinc  held  juet  beknr  the  joint,  if  ttnught,  ae  an  aaaliaiy.  Thtt 
mortar  ia  then  to  be  well  calked  into  the  joint  by  a  caUdng-iron  and  hammer; 
then  more  mortar  ia  put  in  and  ealked,  until  the  joint  ia  fuU.  It  ia  thien 
rubbed  and  poliahed  under  as  great  preflsure  as  the  maaon  can  exert.  If 
the  joints  are  Tery  fine,  they  should  be  enlaraed  by  a  stoneeutter,  to  about 
%  inch,  to  receive  the  pointinc.  The  vail  should  be  well  wet  before  the 
pointing  is  put  in,  and  kept  in  such  condition  as  neither  to  give  water  to^ 
nor  take  it  from,  the  mortar.  In  hot  weather  the  pointing  should  be  kept 
sheltered  for  some  days  from  the  sun,  so  as  not  to  dry  too  quickly. 

Bekavlor  in  Water. 

71.  lAfltanee.    **  When  cone  ia  depodted  in  water,  especially  in  the  sea, 

a  pulpy  gelatinous  fluid  exudes  from  the  oem,  and  rises  to  the  surface.    This 

causes  this  water  to  assume  a  milky  hue;  hence  the  French  term,  laiianee^ 

As  it  sets  vei^  imperfectly,  and,  with  some  varieties  of  oems,  scarcely  at  all. 


its  interpoaition  betw  the  layers  of  oonc,  even  in  moderate  quantities,  will 
have  a  tendency  to  lessen,  more  or  less  sensibly,  the  continuity  and  strgth 
of  the  mass.  It  is  usually  removed  from  the  inclosed  space  by  pumpa, 
''*  *  r,  to  avoid  disturbanoe  of  the 

I  neatly  diminished  by  redi 
B  by  using  large  boxes,  say  J 
iks  eone?^   (Gillmore,  '*Lun 


which  must  be  used  cautiously,  to  avoid  disturbanoe  of  the  cone  by  currents. 
The  proportion  of  laitance  is  areatly  diminished  by  reducing  the  area  of 
cone  exposed  to  the  water,  as  oy  using  large  boxes,  say  from  1  to  1.5  eu 
yds  capacity,  for  immarsing  the  eonc''  (Gillmore,  **  Limes,  Hyd.  Gems  & 
Mortars.") 

72.  Authorities  dj£Fer  as  to  the  eflReet  i»r  nmm  water.  H.  LeChataliar 
(Intematl  Assn  for  Teatg  Materials,  Procs,  1906),  finds  that  the  active  in- 
ejedients  of  cem  (lime,  aluminatea.  silicates)  are  deoomposed  by  the  magne- 
sium salts  of  sea  water,  yielding  soluble  calcium  chlorides  and  ume  sulfatea. 
The  latter,  with  lime  aluminate,  forms  a  compound  whose  erystaUiaation 
tends  to  swell  and  craek  the  mateiiaL 

78.  In  view  of  the  notable  pnddllmflr  eflRsct  of  percolating  water, 
it  would  appear  that  sea  water  especially,  with  its  numerous  salts,  oo^t 
shortly  to  block  its  own  passage  into  the  oone. 

74.  The  snlMtltiitioii  of  iron  t»r  almntea,  in  cem,  is  fbond  to 
remove  one  of  ^e  most  active  reagents  in  the  deteriorating  dfeets  of  the 
salts  in  sea  water. 

See  Cement,  ^  30.  pl226. 

7I».  Tlie  4Usliiteir"«ttOB  of  eone  In  water  (salt  or  fresh)  ap- 

oears  to  be  due  less  to  action  of  the  water  itself  than  to  the  repeated  aotioii 

''  frost  where  the  cono  is  alternately  exposed  to  freeaing  temps  between 

h  and  low  water. 

'6.  Mortar  of  pussolano  and  lime  has  remained  in  perfect  condition  for 

:o  20  centuries  in  Italian  harbor  works. 


7.  At  the  dock  at  Kobe,  Japan,  to  avoid  possible  injmy.  the  aalt  Ww«r, 
de  the  dam,  was  rsplaced  with  fresh  water,  whieh  entered  at  the  amfas^ 
lie  the  heavier  salt  water  was  pumped  out  from  the  bottom. 

For  Concrete,  see  pages  125S,  etc 
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AbbreTlatl4»ns,  symboUi  and  reftrences,  in  general  use  in  the 

artielee  on  Cement.  Sand  and  Mortar,  pp  1222-1250.  and  on 

Ck>nerete  pp  1252-1378. 

For  refereneee  to  epecifications,  eee  pp  1852-3. 

agft agsre|Eate 

ATo  T  M Amenoan  Society  for  Testing  Materials 

ASCE American  Society  of  Civil  Enj^neere 

Aasn  Eng  Soce.  . .  Aaeociation  of  Enffiueering  Societiea 

cem cement 

cone concrete 

cooatr construction 

c  c cubic  centimeter 

d day 

elas elastic 

EN Engineering  News 

£R Engineering  Record 

expt experiment 

h,  nr hour 

Instn  O  E Institution  of  Civil  Engineen 

Jour Journal 

kg kilogram 

km kilometer 

m '. .  .meter 

mm millimeter 

mo month 

mod modulus 

mom moment 

nat natural 

Port Portland 

Proes Proceedings 

rainfd. reinforced 

rainfmt reinforcement 

specfn specification 

Btandd standard 

surf surface 

TdcM Turneaure  and  Maurer,  "Principles  of  Reinforced  Coot 

Crete  Construction,"  1907. 
TAT Taylor  and  Thompson.  "Concrete.  Plain  and  Reinforced.*' 

1906. 

Trans Transactions 

transv transverse 

U.  S.  A Report,  Chief  of  Engrs.  U.  S.  Army. 

wk week 

/ per 

D square 

n*. square  inch 

> greater  than,  more  than 

< lees  than 

> not  more  than,  equal  to  or  less  than. 

< not  less  than,  equal  to  or  greater  than,  at  least. 
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OOBTOEETE. 

For  <7eiiient.  Sand  and  Mortar,  see  pages  1222,  etc. 

For  abbreTiatlons,  symlMls  and  referenees,  see  p  125L 

AOOR£OAT£S.» 

Constitoenta. 

1.  Order  of  Talne.     (1)  Trap.  (2)  granite.  (3)  gravel,    (4)  marble, 

(5)  limestone,  (6)  slag,  (7)  sandstone,  (8)  aiate,  (9)  shale,  (10)  dndera. 

2.  Tbe  mtr^^tik  of  eone,  with  good  sandstone,  is  about  0.75  X  strength 
with  trap.  With  slate,  less  than  half  strength  with  trap.  Good  cinoera 
nearly  equal  to  slate  and  shale.  Hardness  of  agg  increases  in  importanoe 
with  the  age  of  the  cone  "because,  as  the  cem  becomes  hard,  there  is  greater 
tendency  for  the  stones  themselves  to  shear  thru,  and  the  hariness  of  the 
agg  thus  comes  into  play."     (Sanford  E.  Thompson,  E  R,  '06/Jan/27,  p  109.) 

3.  The  choice  of  agg  is  of  course  a  matter  of  eost,  as  well  as  of  strength, 
&c,  of  product.  Thus,  with  gravel  sufficiently  cbe^,  as  compared  with 
broken  stone,  it  may  be  economical  to  use  the  gravel,  or  a  mix  of  gravd  A 
stone,  obtuning  the  reqd  total  strgth  bv  using  a  larger  mass  of  cone  In 
foundations,  on  weak  ground,  this  is  aavisable  because  it  distributes  the 
load  over  a  greater  area. 

4.  In  many  cases,  the  choice  of  sand  and  agg  depends  largely  upon 
what  material  can  be  had,  and  upon  its  distance  from  the  work. 

5.  Where  cem  is  cheap,  it  may  be  eeonomical  to  use  materials  nearest 
at  hand,  and  to  depend,  for  quality,  upon  excessive  use  of  cem. 

6.  Stone  which  breaks  into  neariy  cubical  frannenta  packs  better  than 
that  which  splinters  into  long  pieces,  and  the  fragments  are  leas  apt  to 
break  in  the  finished  work. 

7.  Good  broken  stone  is  usually  preferred  to  gravel.  The  rwighnew 
of  the  stone  particles  is  believed  to  give  better  adhesion.  Gravel  cocie 
cannot  well  be  tooled. 

8.  Cinders  are  sometimes  used  for  the  agg.  They  are  ordinarily  those 
resulting  from  the  burning  of  bttnminona  coal  under  boilers.  The 
material  is  mostly  a  fine  ash,  containing  considerable  unbumed  coal. 

••  Antbraelte  cinders  are  less  extensively  used,  the  supply  being 
less  abundant. 

10.  Cinder  eone,  weighing  only  from  80  to  100  Iba  per  cu  ft,  is  of 
'vantage  where  llffhtneos  is  reqd.  Broken  stone  or  gravel  eonc  weighs 
>m  140  to  145  lbs  per  cu  ft. 

11.  Clay  or  loam,  adhering  to  gravel  particles,  destroys  or  weakens 
e  adhesion  of  the  mortar  to  the  stones.  The  Boston  Transit  Commiswion, 
sport  for  1901,  page  39,  found  the  ratio  of  strength,  betw  eono  with  clean 

id  dirtygravel,  about  60  :  45. 

See  "Clay  and  Loam,"  under  "Sand"  and  "Accidental  ingredienta," 
pll35. 

Slae. 

12.  In  beams,  arehes,  &c,  the  mime  of  anrre«a(e  should  not  exeead 


1.5  to  2  ins  on  any  edge;  but,  if  it  is  wdl  Treed  from  dust  by  screening 
ot  washing,  and  if  the  mortar  completely  fills  the  voids,  all  sises,  from  0.5 
to  4  ins.  on  any  edge,  may  be  used  in  mass  work,  as  foundationa,  dams, 
piers,  etc. 

13.  With  large  agg,  coarse  sand  should  be  used,  and  vice  vena. 

14.  It  is  usually  economical  of  cem.  to  screen  sand  from  gravel,  or 
fine  material  from  crusher  stone,  and  then  remix  in  the  required  propor- 
tions. 

Density. 

15.  When  a  solid  body  is  reduced  to  a  mass  oonsisting  of  broken  pieoes 
separated  by  voids,  the  increase  in  bullr  is  due  solely  to  the  TOids,  and  is 

*  By  "agmgate,"  we  mean  the  solid  materiab  of  eonc,  other  than  the 
oeni  and  sand.  The  term  "aggregate"  is  sometimes  used  ss  including  lbs 
sand  also. 
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aual  to  the  space  oceupied  bv  them.  Hence  the  ratio,  betw  the  tnerease 
'  bullc,  or  **  swelling,*'  and  the  original  bulk,  is  that  of  the  voids 
to  the  oriffinal,  and  not  to  the  final  bulk.  Thus,  if  a  solid  cu  yd  of  stone, 
after  being  broken  into  pieces,  occupies  twice  as  much  space  as  before, 
then  the  increase  in  bulk,  or  the  space  occupied  by  the  voids,  is  —  that 
occupied  by  solid  pieces  —  half  that  occupied  by  the  entire  broken  mass. 

16.  In  sharp  and  angular  broken  stone,  having  all  its  pieces  of  nearlv 
uniform  size,  about  50  per  eent  of  the  vol,  when  measured  loose,  will 
be  voids.  If  the  sizes  of  the  stones  vary  betw  somewhat  wide  limits, 
as  from  2  ins  down  to  ^  inch,  the  vol,  occupied  by  the  voids,  will  be  less,  often 
as  Uttle  as  from  28  to  30  %  of  the  whole. 

17.  Tests  by  Mr.  Wm.  M.  Hall  (Trans  A  8  C  E,  Vol  42,  1899,  p  132)  of 
▼olds  in  crushed  Green  River  blue  limestone,  2.5  inch,  screened;  very  clean 
Ohio  River  gravel,  1.5  inch,  and  mixtures  of  the  two,  resulted  as  follows: 
Percentage  of  stone 100        80        70        60  50  0 

**  gravel 0        20        30        40  50        100 

"  voids 48        44        41         381        36  35 

These  are  avs  of  a  number  of  tests  of  several  bargeloada  of  materials, 
but  there  was  little  variation  betw  the  mixtures. 

18.  Stone  Crusliers.    See  Price-list,  p  1400. 

Cyelopean  Concrete. 

19.  **  Cyelopean '*  eone,  consisting  of  large,  rough  stones  ("dls- 
placers"  or  *' plums")  laid  in  cem  mortar,  is  largely,  economically  and  ad- 
vantageously used  in  mass  work,  especially  in  dams,  where  wt  and  hor 
shearing  stigth  are  desiderata.  The  stones  need  not  be  flat.  They  are 
usually  dropt  into  the  wet  mortar,  without  other  bedding  than  that  due 
to  their  fall  and  wt.  Wet  cone  facilitates  the  bedding  of  the  stones,  and 
bonds  better  with  them  than  does  dry  cone. 

20.  At  Cliandlere  water  power  dam,  Canada,  the  "plums"  were 
obtained  from  hard  ledges  in  the  river  bed,  in  good  shape  for  bedding. 
Their  agg  vol  av'd  betw  25  and  30  %  of  the  vol  of  the  dam;  max,  40  %. 

21.  At  Tranamere  Bav  Development  Works  (Procs  Inst  C  E,  Vol  171, 
1908,  p.  145)  the  "plums  were  of  sandstone,  9  ins  apart  hor'y.  Near  the 
bases  of  the  walls,  they  weighed  a  ton  or  more.  The  proportion  of  plums 
decreased,  with  wall  thickness,  from  10  to  7  %  of  the  whole  mass. 

22.  Unnecessary  restrictions,  imposed  upon  contractors,  may 
eliminate  the  profit  due  to  the  use  of  "plums."    See  ^  19. 
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PI.AI]f  COKTCBSTE. 

1.  Cement  C?oiier«te  is  eomposed  of  broken  ttooe,  crmvolp , 

das,  flhells,  or  other  hard  and  inert  *  material  (the  agsregate),  held  toietfaer 
by  eement  mortar,  oompoaed  of  eement  and  aand. 

AdvABtases. 

2.  The  prlnelMl  MlTantayes  of  cone  are  the  eonvenienee  vith 
which  it  may  be  placed,  partioulariy  in  otherwise  diffieult  situations  or 
under  water;  its  availability  for  subaqueous  work;  its  oheapneas,  due 
largely  to  convenience  of  pladngand  to  its  use  of  stone  too  small  for  masonry; 
ana  its  fire-rssisting  qualities,  ss  compared  with  limestone  (which  cwkiines) 
and  with  granite  (which  splinters). 

S«  The  availability  of  cone  has  been  very  greatly  extended  by  the  praeties 
of  reinforeemeiit,  which  permits  its  use  (heretofore  often  impracticable) 
in  members  subject  to  tension  as  wdl  as  to  compression,  as  in  beams,  in 
cantilevers  (including  dams  and  retaining  walls),  in  columns,  and  in 
arches  where  the  rise  is  either  very  great  or  very  small,  relatively  to  the 
span.  Reinforcement  permits  the  use  of  much  lighter  sections  tlum  would 
have  been  safe  when  use  was  made  only  of  the  compre^nve  strength  of  the 
materiaL 

For  reinforced  eoncrete,  sse  p  1278. 

4.  Dlaadvantwea.  Cone  is  rather  weaker  than  good  rubble  masonry . 
and  has  onl^r  about  half  the  strength  of  first  class  aahlar  masonry  of  granite 
with  thin  joints  in  cem.  Like  both  the  stone  and  the  mortar  m  masonry, 
it  is  subject  to  deterioration,  especially  in  sea  water;  but  this  difficulty  u 
being  eliminated  by  the  care  which  is  being  given  to  the  manufacture  of 
cem  and  which  is  fostered  by  its  extensive  use  and  by  the  conduct  of  its 
manufacture  upon  a  lar^  scale.  As  in  all  human  work,  and  notably  in  the 
laying  of  masonry,  care  is  necessary  in  order  to  secure  faithful  performanoe, 
upon  which  the  success  of  the  structure  so  intimately  depends.  The  quality 
of  the  finished  work  may,  however,  be  tested  by  borings. 

5.  Ck>nc  is  used  for  bring^tng:  np  nneven  tonndntlons  to  a  level 
before  starting  the  masonry.  By  this  means  the  bumber  of  hor  joints  in 
the  masonry  is  equalised,  and  unequal  settlement  is  thereby  prevented. 

6.  On  railroad  work,  the  use  of  cone  may  obviate  the  niie  of  der* 
rlekSy  which  are  a  source  of  interference  with,  and  danger  to,  trains. 

7.  Cone  is  used  to  advantai^  in  reinforcing  and  nroteetinc  old  stono 
nuMonrj' ;  but,  unless  special  precautions  are  laken,  the  two  oonstrue- 
tions  are  liable,  in  time,  to  separate,  owing  to  unequal  settlement,  eq>ecially 
if  the  ramming  has  not  been  thoro. 

Hatural  Oement. 

8.  Matnml  eement  is  now  seldom  used  in  cone,  except  in  mass  work 
where  it  is  not  subjected  to  the  wearing  action  of  water  or  frost,  and  where 
early  strength  is  not  read.  It  is  suitable  for  footings  and  for  low  retaining 
walls  not  subject  to  serious  vibration. 

9.  In  dams,  breakwaters,  etc,  the  eore  is  frequently  c/  natural  oemenl 
oono;  with  a  subetantial  outer  shell  of  Portland  cem  cone. 

Proportlonii. 

10.  Tbe  proportions  of  eement,  sand  and  anrr^ffAte  should 
theoretically  DC  determined,  either  all  by  wt,  or  all  by  measure  in  loose 
condition;  but,  in  practice,  the  cem  is  measured  by  the  number  of  paek- 
ages  used  (the  contents  of  the  paokagss  being  known;  see  "packages," 
under  "Cement")  and  the  sand  and  agg  are  measured  loose. 

•  Without  ehemical  afiSnity  for  other 
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<«lf«iaral  Mix.'* 

11.  It  Is  emtoiiuiiy  to  desflmate  the  quantities  of  oem,  nncl 
Mid  Bgg,  in  a  cone,  by  proportionB.  Thus:  1:2:4  meana  1  part  cement 
to  2  iMurte  sand  aiid  4  parts  aggregate.  Such  desigDation  is  neoessary 
in  instructions  to  workinen;  and,  where  the  ranges  of  sUe  of  the  particles 
are  known,  it  indicates  the  character  of  the  cone.  The  proportions  are 
of  course  jpovemed  by  the  character  of  the  work;  but  it  is  inadvisable 
to  affect  distinctions  between  nearly  similar  classes  of  work. 

12.  Usual  proportions  for  Portland  eentent  eonerete : 

Exoeptionaily  massive  work  (leveling  for  foundations,  dams,  breakwaters) 

1  : 1.5  :  8     to     1  :  5  :  10;  with  nat  cem,  1:2:5. 
Foundations,  ordinarily,  1:3:6;  sometimes  as  poor  as  1  :  4  :  8. 
Piers,  pedestals,  abutments,  1  :  2.5  :  5.5    to     1  :  3.5  :  7. 
I^ers  and  vaulting  in  filters,  1  :  2.5  :  5.5. 

Reinforced  walls  and  beams,  1:3:6;  light  sections,  1  :  2.5  :  5. 
Foundation  walls,  1  :  2.5  :  5.5;  retaining  walls,  1  :  2.5  :  5^     to     1:3:6. 
Spandrel  walls,  1:3:6. 

Conduita,  drains,  sewera,  1  :  2.5  :  5.5    to     1:3:6. 
Reservoir,  filter  and  tank  walls,  1  : 1.5  :  3.5    to    1  :  2.5  :  5.5. 
Subaqueous  work,  1:2:3. 

Floor  systems  (girders,  beams,  dabs)  1:2:4    to    1  :  2.5  :  5.5. 
Stairways  and  roofs,  1  :  2  :  4. 
Arches,  1  :  2.5  :  5;  light  sections,  1:2:4. 
Copings  and  bridge  seats,  1:1:2    to    1:2:4. 

But  the  essential  requisite  is  that  all  the  voids,  between  the  partiolea 
of  sand  and  an,  be  filled  with  oem  mortar.  Hence,  unless  the  grading 
of  sisesi  of  Sana  and  of  sgg,  is  known  or  assumed,  the  bare  statement  of 
proportions,  of  oem,  sanoand  agg,  in  a  mixture,  gives  but  little  useful 
information  as  to  the  value  of  the  cona 

18.  In  reinforced  work,  in  general,  richer  mixtures  should  be  used 
than  tfanse  that  would  be  permissible  in  Large  mass  work.  In  order  to 
obtain  proper  and  reliable  adhesion,  which  is  of  the  first  importance,  the 
ban  must  be  completely  surrounded  by  cem. 

Materials  Beqnired. 
14.  Materials  required  for  a  en  yd  of  rammed  Portland 
eement  concrete,    c  —  cement,  bbls;   s  —  sand,  cu  yds;     a  »■  aggre- 
gate, cu  yds.     Dust  screened  out.    Stones  not  larger  than  1  inch. 
Mixture  c         s         a 

1:2:4 1.46    0.44    0.89 

1:2:53 1.10    0.46    0.91 

1  :3;5 1.11     0.51     0.85 

1:3:6 1.01     0.46    0.92 

1:3:7 0.91     0.42    0.97 

1  -4:7 0.83     0.51     0.89 

1:4:8 0.77     0.47     0.93 

With  2.5  inch  stone,  the  quantities  of  all  the  materials,  per  cu  yd  cone, 
were  increased  from  2  to  5  %.  With  gravel,  >  H  inch,  they  were  decreased 
about  9  %.     (Chas.  A.  Hatcham.  Natl  Builders'  Supply  Assn.  1905.) 

19.  Let 

B  >  No.  of  barrels  of  cement  reqd  per  cu  vd  cone 

—  No.  of  times  0.141  cu  yd  cement  reqa  per  cu  yd  cone; 
P  ••  parts  of  sand  (or  agg)  to  1  part  cem. 
Then 

1/B  ^  No.  of  cu  yds  cone  from  1  bbl  cem; 
0.141  P     -  No.  of  cu  yds  sand  (or  agg)  to  1  bbl  oem; 
0.141  PB  —  No.  of  cu  yds  sand  (or  agg)  to  1  cu  yd  cono  , 
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Tolds.    Bee  Weight,  p  1271. 

16.  Rcdnetion  of  TOlds.  If  stone  having  fiO  %  v(^ds,  and  Band 
having  60  %  voids,  be  used,  with  oem,  in  the  proportions: 

Cement,  1  part    —  0.25  cu  yd 

Sand,       2  parts  —  0.50  cu  yd 

Stone,      4  parts  —  1.00  cu  yd 
the  resulting  cone  will  measure  something  more  than  1  cu  yd,  and  yet  it 
will  contain  unfilled  voids. 

17.  These  proportions,  however,  are  not  economical  By  selectinfi^  a 
sand  having  a  ranar^  of  slxe,  or  bv  mixing  two  or  more  sands  havinjg 
erains  of  diff  sizes,  the  voids  in  the  sand  can  be  reduced  to  say  33  %.  Simi- 
larly, the  voids  in  the  stone  can  be  reduced  to  say  35  %.  We  should  then 
have,  say: 

Cement,  1  part  »■  0.12  cu  yd 
Sand,  3  parts  ^  0.36  cu  yd 
Stone,      8  parts  —  1.00  cu  yd. 

with  results  as  good  as  with  the  1:2:4  mixture  above,  although   using 
oody  half  as  much  cement. 

IS.  Mr.  Geo.  W.  Rafter  (Trans  A  S  C  E,  Deo,  1809,  Vol  42.  p  106)  recom- 
mends that  the  proportions  be  stated  by  means  of  the  ratio  of  the  vol  of 
the  mortar  to  the  vol  of  agg.  Thus:  a  oono  containing  75  vols  of  agg  and  25 
vols  of  mortar,  would  be  a  33%  %  cone 

19.  Under  usual  conditions,  the  TOids  in  the  agg  lilioald  b«  flll«d 
with  as  rich  a  mortar  as  the  strength  of  the  work  demands.  A  better  cone 
may  result  from  the  use  of  a  lean  mortar  which  fills  the  voids,  than  with  a 
richer  mortar  but  partially  filling  the  voids. 

20.  The  mortar  cannot  be  perfectly  distributed  thru  the  agg,  and  some 
of  the  voids  are  too  small  to  admit  the  sand  grains.  Moreover,  the  mixture 
is  liable  to  disturbance  in  depositing.  Hence,  there  will  be  voids  in  the 
cone  unless  there  is  an  excess  of  mortar  over  the  measured  voids  of  the  agg. 

21.  In  practice,  the  exeesa  of  Tolnme  of  morter  required,  over 
the  measured  voids  in  the  agg,  in  order  to  secure  the  filling  of  the  voids, 
is  usually  from  15  to  25  %  ofthe  vol  of  the  voids.  But  by  15  expats  with 
limestone.  Prof.  Baker  found  that  the  voids  were  not  entirely  filled  unl«s 
the  vol  oi  the  mortar  exceeded  the  vol  of  the  voids  by  40  %.  (Table  13  c, 
p  112  b.  Baker's  Masonry  O>n8truction,  1907.) 

22.  Mr.  John  Watt  Sandeman  (Procs,  Instn  C  E,  Vol  121,  p  219,  1895) 
believes  that,  t4»  insure  watertUrlitiiess,  the  vol  of  mortar  should 
be  50  %  of  the  vol  of  agg  having  35  %  voids;  or,  excess  mortar  -^  43  % 
vol  of  voids. 
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Density.  See  Weight,  p  1271. 
2S.  Mr.  Wm.  B.  Fuller  (T  &  T,  p  197}  finds  that  the  ffreatent  density 
is  obtained,  and  consequently  the  smalleBt  amount  of  oem  reqd,  when  the 
Bgg  and  the  sand  are  so  graded  that  the  percentages,  by  wt,  passing  the 
various  sieves,  are  as  represented  by  tho  ordinatee  of  the  parabola  in  Fig. 
1.  where  the  abscissas  represent  the  diams,  d,  of  the  openings  in  the  sieves, 
while  the  ordinates  beuno  the  parabola  represent  the  percentages  pasaedt 
and  those  above  the  parabola  the  percentages  relainedt  by  these  openings 
respectively. 

24.  In  this  parabola,  d  —  P^  M;  where  d  —  a  given  diam;  P  » 
proportion  of  particles  smaller  than  d;  M  ^  max  diam  of  stone  ( —  2  ins 
an  the  Fig). 

25.  Exp's  (Trans  A  S  C  E«  Vol  59,  pp  67,  &c,  1907)  show  that  a  saving 
*  *  *  be  enectea,  and  a  more  impervious  pro- 

ned,  by  thus  grading  th 
jn  may  a 
CD  small  work. 


of  12  %  in  quantity  of  cem  may 
ductobtaii    ^  •      *^ 


impervious  pr 
ined,  by  thus  grading  the  sizes  of  the  sand  and  agg;  but  the  redu 
"*    tby 


tion  may  sometimes  be  offset  by  the  additional  cost  of  so  grading,  especially 


86.  In  the  linini^  of  the  tunnel  for  the  Sudbury  aqueduct,  Boston  Water 
Works,  the  proportions  were 

1      cask  of  Portland  oem  as  it  came  from  the  dealer  ^    3.425  eu  ft 

2%  casks  of  loose  sand —    7.35    cu  ft 

5^  casks  of  loose  crushed  stone —  18.56    cu  ft 

Total 29.335  cu  ft. 

By  slightly  shaking  the  sand  and  stone,  the  proportions  became  practically 
1:2:5. 

These  29.335  cu  ft  produced  from  20  to  21  cu  ft  cone,  rammed  in  place: 
or  say  38  cu  ft  materials  —  1  cu  yd  cone 

27.  Mr.  Wm.  B.  Fuller  (Natl  Assn  of  Gem  Users,  Procs,  '07.  p  95)  tested 
cone  beams,  30  days  old,  of  1:2:6,  1:3:5,  1:4:4.  1:5:3, 
1:6:2      1:8:0,    (all  1  : 8).    The  strgths  compared  as  in  Fig  2. 
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FifT  8«     Proportions;  strength. 

28.  From  this  it  appears  that,  so  long  as  the  voids  in  the  agg  are  filled 
with  mortar,  the  comp  strength  of  cone  seems  rather  to  increase  than 
diminish  as  the  proportion  of  stone  increases,  and  to  depend  largely  upon 
the  richness  of  tne  mortar. 

29.  Proportloninsr  by  trial  mixtures :  (Wm.  B.  Fuller,  Trans 
A  S  C  E,  Vol  59,  pp  77.  Sc). 

Having  determined  the  particular  sand  and  stone  to  be  used  on  any 
work,  provide  a  strong  and  rigid  cylinder,  such  as  a  short  piece  of  10  inch 
wrought  iron  water  pipe  capp^  at  one  end. 

80.  On  a  piece  of  dieet  steel  or  other  non-absorbent  material,  weigh  out 
and  mix  together  all  the  ingredients,  to  the  consistency  required  for  the 
work.     Place  the  mixture  in  the  cylinder,  tamping  carefully  and  continu- 
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oualy,  and  note  the  heii^t  to  which  the  eyl  ia  4Ued.  Before  the  mixtnn 
has  time  to  set,  empty  and  dean  the  cyi 

SI.  Make  up  another  batch,  uains  the  same  irts  of  eem  and  of  water  as 
before,  and  the  same  total  vfnght  of  sand  and  stone,  but  with  a  ali^tly 
diff  ratio  of  ueioAto  of  the  sand  and  stone. 

82.  Note  the  height,  in  the  o^l,  reached  by  this  seoond  and  by  subsequent 
mixtures.  The  beet  mixture  is  that  whidi  aive%  the  letui  hei^  in  the  cyU 
provided  that  it  works  well  while  mixing,  and  that  its  appearanoe  in  the  eyl 
shows  that  all  the  stones  are  covered  with  mortar. 

8S.  This  method  enables  the  engineer  to  select  the  beet  from  the  materiab 
available  in  any  given  case. 

Constotoney.    See  also  Mortar,  p  1245. 

84.  Skill  and  care,  in  placing,  and  uniformity  of  consistency  are  more 
mportant  than  the  consistency  itself. 

85.  The  extremes  of  practlee  are:  (1)  Cone  with  mortar  about  aa 
moist  as  damp  earth;  only  enough  water  used  to  show  on  the  top  surf 
after  prolonged  and  hard  tamping,  (2)  enough  water  used  to  cause  the  oone 
to  qtiake  when  first  placed,  and  to  allow  only  of  spading  into  place.  The 
proper  consistency  depends  largsiy  upon  the  character  and  purpose  of  the 
work. 

86.  Dry  cone  is  generally  preferable  in  large  open  work  where  it  can 
be  thoroly  rammed,  and  where  early  strength  is  reqd,  as  in  areh  skew-backs. 
When  thoroly  tamped,  it  develops  much  higher  compressive  strength  at  its 
early  ages,  and  may  have  somewhat  greater  pennanent  strength,  than 
wetter  mixtures;  but  imperfect  tamping  of  such  mixtures  may  result  in 
very  weak  cone,  while  thorough  tamping  may  render  the  work  more  expen- 
sive than  the  increased  strength  will  justify. 

87.  Medlam.  Present  practice  favors  the  use,  in  general,  of  mixtures 
wet  enough  to  require  only  spading;  but,  even  in  sueh  work,  ramming  may 
be  reqd  from  time  to  time  for  occasional  dry  batches. 

8S.  Wet  cone  is  more  easily  mixt  with  thoroneos,  more  readily  and 
more  cheaply  laid,  and  more  easily  forced  into  the  narrow  spaces  betw 
reinforeing  bare.  It  comes  into  more  perfeot  contact  with  the  molds, 
thus  giving  smoother  and  more  nearly  watertiriit  surf.  It  is  therefore 
generally  preferable  (as  in  buildings)  in  forms  oioompUoated  shape,  or  in 
thin  sections,  or  where  smooth  surtaoes  are  reqd. 

89.  'Wetness  retanti  settin^c,  gives  better  bond  between  succeesive 
courses,  gives  a  compact  mass  with  less  tampinc,  and  provides  the  surplus 
water  reqd  by  absorption  in  wooden  forms.  Wet  oone  is  leas  liable  tnan 
dry  to  injury  by  bad  workmanship;  but  an  excess  of  water  reduces  the 
strgth,  and  increases  efflorescence. 

40.  In  " Cyclopean"  cone,  more  "plums"  can  be  used  with  wet  cone, 
which  allows  them  to  settle  down  into  it,  and  which  bonds  better  with  them. 

41.  Mixtures,  wet  eBOnyli  to  be  poured  into^the  forms  for  columns 
of  floors,  are  frequently  used. 

42.  The  quantity  of  water  required,  for  a  given  consistenoy,  is  materially 
reduced  by  wet  weather. 

48.  Water  works  upward  thru  placed  cone.  Henoe  a  leas  pro. 
portion  of  mixing  water  may  suflioe  toward  the  end  of  a  day's  work. 

HAHDI.IHO  AMD  MIXIMO. 

HandliBS  Iniri^dleiits. 

1.  In  designing  a  plant  for  handling  and  ntlxtnc  cone,  the  quanti- 
ties to  be  handled,  the  areas  over  which  they  must  be  distributed,  the 
facilities  for  procuring  and  receivinir  the  raw  materials,  and  the  working 
space  available,  must  be  considered;  ilbd  each  ease  will  pnssent  other  fiaetora, 
peculiar  to  itself. 

3.  The  arrangements  of  such  a  plant  are  as  various  in  character 
as  are  the  different  kinds  of  work.  In  general,  theee  arrangements  must  be 
specially  designed  for  each  important  work;  and  sueeess  and  eoonomy 
depend  largely  upon  the  exoellenoe  of  the  design  of  the  K>^n^Kt«g  plant. 
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8.  Bistsiiab  nunr  mob  the  site  by  can,  boat  or  team.  Be  on  guard 
against  mud  and  dirt  in  bottom  of  vehicle.  Sand  and  agg  may  be  dredged 
from  stream  at  the  site. 

4.  After  reaching  the  work,  the  materials  are  ciuried  to  the  bins,  by 
carts,  barrows,  smiidl  cars,  dredge  buckets,  or  belt  or  chain  conveyors. 
From  the  bins  they  are  usually  carried  by  gravity,  thru  hoppers,   to  the 


5.  StorlniT*  Cem  is  commonly  stored  in  sheds  or  other  warehouses,  and 
is  handled,  separately  from  sand  and  agg,  in  bags  or  bbls,  often  by  means 
of  chain  conveyors. 

6.  For  bringing  the  materials  from  the  bins  to  tbe  mixers,  and 
the  cone  frmn  the  mixers  to  the  work,  carts,  barrows  or  small  cars  are  used. 

7.  Where  the  work  covers  a  limited  hor  area,  as  in  the  case  of  a  building, 
or  of  a  pier  or  abut,  the  mixer  need  not  be  frequently  moved,  and 
the  arrangementB  for  handling  are  relatively  simple. 

8.  Where  the  work  covers  a  large  hor  area,  as  in  a  slow  filtration  plant, 
or  where  it  crosses  a  vallev,  as  in  a  dam;  cable  conveyors,  with  towers,  are  used : 
or  one  or  more  wii-^wg  plants  are  instidled  in  central  positions. 

9.  Where  the  work  extends  along  a  line  of  considerable  length,  as  in  walls, 
sewers  or  aqueducts,  a  railway  track,  often  of  broad  gage  and  with  three  or 
more  lines  <n  rails,  is  laid  alongside,  and  the  materials  fautmdled  from  derrick 
cars,  often  of  designs  specially  prepared  for  the  work  in  hand. 

10.  The  work  is  facilitated  by  having  the  cars,  barrows,  buckets,  etc, 
of  known  capacity,  so  that  they  may  serve  as  measures  in  proportioning 
the  sand  ana  ac».  Thus,  the  cars  may  hold  enough  sand  or  akg  for  one 
batch,  and  may  dun4>  into  larger  boxes,  each  holding  enough  sand  and  agg 
for  one  batch.  The  cem  is  usually  measured  separately,  by  counting  the 
bags  or  bbls  emptied. 

11*  Where  ears  are  used,  they  may  be  moved  by  locomotive  or  by  cable, 
reaching  the  bins  by  means  of  an  incUned  plane. 

13.  In  the  case  ol  a  belt  eoBTey'or,  sand  and  stone,  each  enough  for 
a  batch  or  other  known  quantity  of  oono,  and  afterward  the  cem  for  the  same 
quantity,  are  dropped  upon  the  belt  from  their  respective  bins. 

IS.  Commonly  the  measarlnc  plattorm  (or  the  measuring  hopper 
for  batch  machines)  is  placed  directly  over  the  mixer. 

14.  For  max  output,  there  should  be  two  sets  of  measuring  hoppers, 
one  to  be  dumping  into  the  mixer  while  the  other  is  filling. 

For  washing  sand,  see  SAND,  II  34,  p  1242. 

15.  Agg  may  be  wasbed  in  a  revolving  cylindrical  screen,  by  a  jet 
of  water  under  high  pressure. 

16.  Work  is  often  done  at  nlg^bt  by  means  of  electric  or  other  artificial 
illumination. 

17.  Portable  (flat-ear)  eone  mlxlnar  plant.  Two  6X8  tim- 
bers, 58  ft  long,  4  It  apart,  laid  upon  floor  of  a  34  ft  standard-gsge  flat 
car,  their  ends  projecting  1 2  ft  beyond  each  end  of  car,  and  guyed  to  an  ele- 
vated framework  on  center  of  car.  Each  projecting  end  earned  a  2  cu  yd 
hopper.  Sand  and  gravel  were  shoveled  into  this  hopper  and  discharped 
from  it  upon  a  belt  conveyor,  running  hor'y  under  the  hopper  and  then 
upward  to  a  hopper  (3  cu  yds)  16  ft  above  the  car  floor,  over  the  center 
of  the  car.  This  elevated  hopper  discharged  the  sand  and  gravel  into  a 
H  cu  yd  Smith  mixer,  placed  at  the  center  of  the  car.  Cem  supplied  to 
the  mixer  by  hand;  water  from  a  pipe,  laid  along  the  work  and  provided 
with  hose  connections.  A  bbl,  fillea  with  water,  was  carried  on  the  elevated 
framework,  to  ensure  a  supply  for  immediate  use.  The  conveyor  belt, 
2  ft  wide,  consisted  ol  two  unk-belt  chains,  with  a  heavv  double-thickness 
canvas  belt  between  them.  Belt  supported  by  wrougfat-iron  pipe  cross- 
pieces  18  ins  apart.  The  belt  forms  pockets  between  the  cross-pieces. 
Conveyors,  driven  by  a  9  X  16  inch  single-cylinder  steam  engine,  mounted 
on  one  end  of  the  car.  Average  capacity,  275  cu  yds  per  day.  One  lower 
hopper  was  found  suflioient  to  supply  the  mixer.  (The  Ghalmette  Docks 
of  the  New  Orieans  Terminal  Co,  E.  R,  '06/Jul/28,  p  90.) 

18.  In  constructing  works  which  are  circular  in  plan,  the  mixt  cone, 
for  floors,  columns,  girders  and  roof,  may  be  carried  to  the  forms  by  mean: 
of  a  truss  bridge,  spanning  the  work  from  a  central  tower  to  a  track  on  tbt 
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circumferential  wall.    The  bridge  then  forms  a  reir^lwing  cimBe*  earry* 

ing  mixers  at  its  outer  end. 

Mixing. 
10.  General.    Each  sand  grain  should  be  coated  with  oem,  and  the 
mortar  should  coat  every  fragment  of  stone  in  the  agg  and  should  be  evenly 
distributed  thru  the  whole  vol.    The  stone,  if  dry,  should  be  wetted  before 
adding  it  to  the  mortar. 

20.  Tlioroneas  of  mixing  is  of  the  greateet  importance;  eqiedally 
when  the  cone  is  poor  in  oem  or  of  dry  consistency. 

21.  The  great  strgth  of  the  cone  in  the  Munderkingen  bridge  is  attributed 
to  its  thoro  mixing.    The  materials  were  mixt  2  mins  dry  and  3  mins  wet. 

22.  Variation  in  color  of  mixture  indicates  change  in  the  pxoporCioos 
of  the  ingredients. 

2S.  See  that  any  cem,  thrown  out  as  defective,  is  replaced  by  good  eem. 

24.  Iilf%iag[  oonerete.  Where  the  mixing  platform  cannot  be  built 
near  the  level  m  the  top  of  the  structure,  the  cone  may  be  raised  by  m  power 
lift  to  the  proper  level,  and  then  wheeled  on  levri  runways.  For  low  lifts 
and  small  quantities,  horsepower  lifts  are  used;  for  higher  lifts  and  larger 
quantities,  a  small  steam  or  gasoline  engine. 

25.  In  some  cases,  the  mixer  and  its  endoring  frame'are  lifted  bodily 
by  the  derrick  which  supplies  materials,  and  deposits  them  over  or  ne«tf  the 
work. 

26.  Hand  mixtnir  is  inadvisable  and  uneconomical,  except  on  small 
jobs. 

27.  In  hand  mixing,  it  is  usual  to  mix  the  sand  and  cem  dry,  usually 
by  turning  with  shovels  two  or  three  times,  until  the  mixture  is  of  uniform 
color,  and  each  sand  grain  is  coated  with  oem. 

29.  Water  is  then  added,  and  the  mortar  is  mixed  before  the  ug  is  added; 
or  the  agg  may  be  spread  over  the  dry  mixed  sand  and  cem,  or  tDMe  thrown 
upon  the  agg,  and  the  whole  then  wet  and  mixed  by  two  or  more  turnings 
with  shovebT  until  the  water  is  thoroly  incorporated. 

29.  Mixing  the  oem  and  sand  first,  as  above,  reduces  the  total  labor  by 
omitting  unnecessary  manipulation  of  the  agg. 

80.  Weatlier.  Hand  mixing  should  be  well  protected  against  wind 
and  rain.  Wind  blows  away  the  finest  (and  therefore  best)  of  the  cem. 
and  rain  prevents  proper  (dry)  mixing  of  cem  and  sand. 

81.  For  the  sub-station  of  the  Brooklyn  Rapid  Transit  Co..  two  bottom- 
less rectangular  frames  were  provided,  one  of  which  had  a  capacity  of  H 
cu  yd,  and  was  first  filled  with  sand.  Seven  bags  of  cement  were  then 
emj^tied  on  top  of  it,  and  the  mass  was  turned  several  times  by  five  ahovelers 
until  the  color  was  uniform.  It  wss  then  leveled,  the  other  frame  (1  cu 
yd  capacity)  was  placed  on  top  and  filled  with  broken  stone,  and  water 
was  put  on  with  a  hose.  The  mass  was  then  turned  four  times,  shoveled 
into  wheelbarrows  and  deposited  in  the  forms. 

32.  With  equal  care,  machine  mlxtngr  gives  better  and  more 
reliable  results  than  hand  mixing,  and  is  more  economical  on  large  work. 

33.  The  output  mnat  be  carefkilly  watciied,  as  the  accideDtal 
and  unsuspected  choking  of  a  hopper  may  cnange  its  character. 

Mixers. 

34.  Mixers  are  of  two  principal  types;  "continuous,"  and  "batch." 

35.  In  continuous  mixers,  the  raw  mftterials  are  fed  continuously 
into  the  machine  at  one  end,  and  the  mixed  cone  is  delivered  continuously 
from  the  other  end. 

36.  Tbe  gmvHy  (continuous)  mixer  is  a  stationary  shute  or  trough, 
set  nearly  vert,  and  equipped  with  fixed  projecting  pins  or  bafiles,  against 
which  the  material  impinges  as  it  descends,  and  upon  which  the  mining 
depends.  Water  is  admitted  by  a  spray  pipe,  at  the  top  of  the  shute. 
Power  is  required  only  to  elevate  the  materials  to  the  top  of  the  mixer. 
usuaUy  a  Uf t  of  about  6  feet. 

37.  Other  eontlnnons  mlaters  are  in  the  form  of  open  troughs. 
ueariy  hor,  and  having  a  longitudinal  revolving  shaft,  with  sorew-Uke  blailtf 
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attached,  which  convey  the  material,  fed  in  at  the  upper  end,  thru  the 
length  ot  the  trough,  to  the  lower  or  discharging  end.  Water  is  provided 
by  means  of  perforated  pipes  along  the  sides  of  the  trough. 

58.  MeasariniT*  Continuous  mixers  require  some  means  of  propor- 
tioning the  ingredients  of  the  cone.  Various  automatic  measurers  have  been 
used  to  a  linuted  extent.  Sometimes  the  sand,  cem  and  sgi;  are  spread, 
in  layers,  on  the  platform  of  the  mixer,  and  shoveled  into  the  mixer.  Some- 
times, dependence  is  placed  upon  assimng,  for  instance,  one  shoveler 
for  the  cem.  three  for  the  sand  and  six  lor  the  stone;  but  this  method  is 
much  too  crude  for  most  cases. 

59.  Batcli  mixers  deliver  the  cone  in  batches,  the  size  of  which  is 
determined  by  the  capacity  of  the  mixer.  They  have  a  wider  range  than 
gravity  mixers,  and  give  better  oontr(4  of  the  proportioning  of  the  ingre- 
dients. 

40.  The  oldest  and  simplest  batch  mixer  conasts  of  a  revolving  cal»i4»l 
iron  box.  plain  inside,  mounted  on  bearings  at  its  diagonally  opposite  cor- 
ners, and  provided,  on  one  side,  with  a  sliding  jgate,  for  admitting  the  raw 
materisis  snd  discharging  the  cone.  Power  is  appUed  thru  gearing  on 
the  shaft.  The  ingredients  may  be  mixed  dry  for  a  number  of  turns,  and 
the  water  then  added  thru  the  hollow  tninions:  or  the  water  may  be  added 
before  any  mixing  is  done.  The  older  cubical  mixers  had  to  be  stopped, 
both  at  the  time  of  charging  and  when  delivering  the  cone. 

41.  At  Superior  Entry,  Wis.,  the  U.  S.  Govt  used  a  cubical  cone  mixier, 
charging  and  discharging  without  stopping  and  without  variation  of  speed.  It 
was  operated  by  a  7  X  10  inch  vertical  single  steam  engine,  and  turned 
^ut  a  Datch  of  very  perfectly  mixt  cone  in  80  sees.  The  cone  was  plainly 
visible  during  the  entire  prooeas.  (Clarence  Coleman,  Rept  of  Chf  of  Kngrs, 
U.  S.  A.,  iSm,  Part  IV,  p  3784.) 

48.  In  later  batch  mixers  the  cubical  box  is  replaced  by  a  dram 
(either  cylindrical  or  made  up  of  two  cones),  rotated  by  means  of  a  chain 
on  a  ring  encircling  the  drum,  and  provided  with  vanes  or  blades  fixed  upon  the 
inside.  These  blades  first  carry  up  and  then  drop  the  material,  mixing  it 
by  the  agitation  so  caused.  The  discharge  is  effected,  in  the  Smith  (double 
cone)  machine,  by  tOting  the  machine  (like  a  Bessemer  steel  converter) 
about  its  tninions,  placed  at  cen  of  grav  of  drum;  and,  in  the  Ransome 
(cylindrical  drum)  machine,  by  inserting  a  tilting  trough,  which,  in  the  dis- 
charging position,  catches  the  material  as  it  falls  from  the  blades. 

48.  To  provide  against  break-downfls  extra  parts  should  always 
be  furnished  with  each  mixer. 

44.  MonntliBir.  Mixers  are  either  stationary,  or  mounted  on  skids 
or  wheeled  trucks,  with  or  without  steam  engine,  engine  and  boiler,  gasoline 
engine  or  electric  motor. 

45.  The  mixer,  with  its  framing,  is  sometimes  lifted  bodily  from  its  old 
location,  and  deposited  in  a  new  one,  by  a  derrick  or  cableway. 

46.  HTheeled  eone  mixem,  with  revolving  drums,  into  which  the 
ingredients  are  loaded,  and  in  which  they  are  mixt  by  means  of  the  forwd 
Tuovemt  of  the  vehicle,  have  been  used.  The  motive  force  may  be  given 
by  hand,  by  horse-power  or  by  gasoline  engine;  and  the  relation,  oetw 
forward  speed  and  speed  of  rotation,  may  be  regulated  by  gearing. 

47.  Small  hand-power  batch  mixers  are  furnished;  capacity  claimed 
>  460  cu  ft  per  day. 

48.  In  the  ebolee  of  a  mixer,  reliability,  as  established  by  success- 
ful use,  is  of  prime  in4>ortanoe,  especially  where  continuity  of  work  is  easential. 

49.  Shortage  of  output  may  be  due  to  sliortagre  of  power  behind 
the  mixer,  as  well  as  to  the  mixer  itself. 

50.  The  mixer  should  be  eleaned  after  each  day's  work. 

PI^ACIDTG. 

51.  The  best  cone  may  be  rendered  almost  worthless  by  carelessness  or 
improper  method  in  the  placing. 

52.  When  cone  is  diimpt  flrom  a  eonslderable  taeljirtat,  there 
would  seem  to  be  danger  that  the  even  distribution  of  materials  may  be 
disturbed.  Hence,  if  lowered  in  buckets,  these  should  be  brought  close  to 
the  work  already  done,  before  dumping.     How^^^i^,^^^^U^nstruction  of 


•one  piers  for  a  biidfe  st  Bethlehem.  Pa.,  bv  Cramp'ft  Co.  (E  R.  'OO/Mar/6, 
p  280)  eoDC  was  dehvered,  thru  an  indinea  wooden  ahute,  lined  with  sheet 
iron,  at  a  point  Tert'y  74  ft  below  the  mixer:  and  the  method  wae  found 
to  be  eoonomieal,  and  the  oone  uniformly  cood,  and  there  was  no  difficulty 
from  separation  of  ingredients. 

5S«  In  work  that  will  show,  the  layers  an  usually  rsstiieted  to  about 
6  ins  in  depth,  owing  to  the  difficulty  of  spading  the  face  woric  when  the 
layers  are  thicker:  but  in  foundations,  and  in  heavy  work  above  ground, 
if  to  be  faced  with  masonry,  or  if  mpearance  is  not  important,  layen  of 
wet  cone  as  deep  as  2  feet  may  be  used. 

54.  If  the  cone,  after  plaeing,  is  found  to  be  te«  wet,  it  is  better  to 
oorredi  the  trouble  by  placing  drier  cone  upon  it.  When  surplus  water 
is  bailed  out,  some  eem  is  earned  with  it  and  thus  wasted. 

05.  ExeeastTe  fl^e  apadlny  brinsi  up  water  from  below,  and  thia 
washes  eem  from  the  face. 

66.  Works  of  considerable  lengrtli,  such  as  dams  and  waOs, 
are  commonly  built  in  sections  alternately,  thus:  sees  1*  8,  &  etc,  axe  first 
built  separately,  and,  when  thev  have  hardened,  see  2  is  built  betw  sees  1 
and  3,  section  4  betw  sees  3  ana  6,  etc.  The  sides  of  sees  1^3,  6,  etc,  thus 
serve  as  part  of  the  forms  for  sees  2,  4,  etc.  Thia  method  fanlitatwi  bwding 
betw  the  sees,  by  means  of  vertical  dove-tail  grooves,  formed,  by  the  molds, 
in  the  sides  of  the  sees  first  built.  The  cone  of  the  remaining  sees,  idaeea 
later,  enters  and  fills  these  grooves. 

57«  In  freeslng  weatlier,  oono  can  be  laid  in  large  masses  in  water 
or  below  the  ground  surf.  In  excavations,  if  the  ground  water  is  permitted 
to  rise  over  the  work  during  the  night,  it  will  usually  prevent  frost  from  reach- 
ing the  cone 

58.  At  Chaudi^re  water  power  dam,  oono  was  laid  in  tcnsns  as  low  as 
— ftO^  F.  A  mixing  house  was  erected,  and  the  temp,  within,  was  kept, 
by  stoves,  above  rreesii^.  Ifaterials  were  lowered  mto  the  house  oy 
derricks  thru  hatchways  m  the  roof.  Water  was  kept  in  casks,  and  kept 
lukewarm  by  steam  jets.  Sand  was  heated  outside  the  house.  Stone,  m 
pUes  3  to  4  ft  deep,  was  heated  (but  not  dried^  by  steam  jets  from  a  peno> 
rated  pipe,  passing  under  the  piles.  After  plaong,  the  cone  wss  loosely 
covered  with  canvas,  under  which  the  nossle  of  a  steam  hose  was  introduoeiL 

59*  In  wall  foundations,  the  treneh  iteelf  may  eonstitute  the  form;  and, 
in  dams  and  arches  of  cone  blocks,  the  first  blocks,  placed  alternately, 
often  serve  as  parts  of  the,  forms  for  the  remaining  blocks;  but  ordinarily 
a  considerable  amount  of  timber  framing  is  required.    See  ^  66. 

60.  The  eeonomy  of  the  work  depends  so  largdy  upon  the  deslipn 
of  the  forms,  that  it  is  often  advisable  to  modify  the  design  <^  the  work 
itself,  or  to  use  more  cone  than  would  otherwise  be  neo'y,  in  order  to  seiuie 
economy.  The  dedgn  should  be  such  that  oommereial  sises  of  lumber 
may  be  used,  and  with  a  min  of  wasteful  cutting;  and  such  that  the  forma 
may  be  readily  erected  and  removed  with  a  minimum  of  damage  to  tfaeoa- 
selves  and  no  damage  to  the  work,  and  used  repeatedly.  Where  practi- 
cable, the  forms  are  made  in  sections,  small  enough  to  be  conveniently 
moved  and  lumdled  separately.  Cutting  is  economically  done  by  power 
saw  benches. 

61.  Even  in  building  work,  where  much  of  the  "centering**  must  be 
built  in  place,  and  where  it  can  be  removed  only  by  taking  it  to  pieoes, 
the  lumber  may  be  used  two  or  three  times  before  it  is  discarded.  Where 
the  forms  can  be  assembled  in  panels,  and  these  paaela  removed  aa  uoita, 
they  may  be  used  many  times. 

6a.  The  requirements  of  different  works,  ezeeuted  usder  diff  eonditioiis. 
vary  so  widely,  that  no  useful  details,  as  to  the  construction  of  the  forms, 
etc,  except  for  buildings  (see  %\  63  etc),  can  be  given  within  the  limits 
at  our  disposal.  The  designer  should  witness  the  remowl  of  bis  fonns 
before  estunating  their  success. 
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6S.  In  retnM  bntldtny  comstraetlon,  the  forms  are  chiefly : 

(a)  Column  forma, 

(b)  Beamj  aUb.  floor  and  roof  forms. 


«§  1   and  2.    The  boards.  G, 

U,  IHX  6  iDB^Bod  by  '^oolu 

Ad  boards.  B,  1 M  X  5  ins.    Tl 


IK 


(o)  Wail  forma. 

64.  A  typical  oolamii  fonn,  Figfi 
ins  thick,  are  held  in  place  by  cleats,  H^ 

clips/'  C,  made  of  pieces  4  X  4  ins,  and  boards,  B,  1 M  X  5  ins.  These 
**  column  clips"  must  be  spaced  to  take  the  pres  due  to  the  cone.  At  the 
bottom  of  a  column  18  ft  hi^,  they  should  be  >  10  ins,  cen  to  cen.  At 
the  bottom,  4  boards,  A,  are  used,  to  hold  the  form  in  shape,  and  the  boards. 
Of  are  cut.  on  one  side  of  the  box,  at  F.  2  or  3  ft  from  the  bottom,  to  form 
a  door  (cleats,  on  door,  not  shown),  thru  which  all  rubbiah  may  be  orushed. 
The  door  is  then  held  shut  by  the  lower  two  "column  dips,"  and  the  form 
is  filled.    Triangular  fillets,  T.  are  used  to  bevel  the  comers  of  the  col. 


Tig  1. 

Tig*  1  and  2.    Column  Form. 


fw.  uolumn  forms  sbould  be  so  designed  that  they  may  be  remored 
without  diaturbinf  the  forms  for  the  bouns  and  girden.  The  col  forms 
may  then  be  bared  for  inspection,  before  being  loaded. 


Fl|r  8,    Beam  Fo*iiWized  by  GoOglc 
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boxes,  often  miBcailed  "oentera."  are  supported,  betw  ooluznnsTby  tempo- 
rary struts  or  shores,  /,  4  X  4  ins,  about  6  ft  apart,  resting  on  wedges,  J, 
and  the  plank  K.  Corbels,  H,  4  X  4  ins,  are  placed  directlv  under  the 
^  .-  ..  .  .1^.  ,  V  _  J  ^j-_  '^  n  Ji  ina  thick),  of  the  beam  boxes. 
1 H  X  5  ins.  2  ft  apart,  to  which 
which  rest  the  ledgers.  B,  2  X  6 

,x>ui  i6/  ins  »par».     xnnse  supuurv  ^he  panel  boaiding,  Ar  IM  IM 

thick;  and  this,  in  turn,  supports  the  slabs.  Small  trianjpilar  fillets,  7; 
in  the  oomers  of  the  beam  boxes,  make  the  box  tight  and  give  beveled  cor- 
ners to  the  beam.     Be«m  forms  should  be  given  a  slight  camber. 

67.  Typical  forms  for  floors  betw  steel  beams.  Figs  4  to  6,  vary 
with  span  and  load.  The  forms  are  hung  from  the  bottom  flange  of  the 
I-beams,  by  "hanger  bolts,"  A,  Figs  4  and  6,  ^inch  diam,  with  washers 
and  handle  nuts.    TThese  bolts  secure  the  pieces,  jB,oi?    '  ' 


f2  X  4or3  X  4, upon 


Tig  4. 


Tig  9. 


Flff  6. 
Tign  4,  5  and  6«    Floor  Forms. 


which  the  boards,  H  H  H  nn  supported  by2X6or2X8  ledgers.  D 
(about  27  ins  c  to  c,  for  %  inch  boards).  Wooden  blocks  or  stioks,  B, 
Figs  4  and  5,  are  sometimes  used  under  the  ledgers  to  reduce  their  depth. 
Short  cone  blocks,  C,  Fig  4,  are  used,  to  keep  the  forms  away  from  the 
lower  flange  of  the  steel  oeam.  These  remain  permanently  in  the  work. 
In  order  to  promote  adhesion  betw  the  lower  flanges  of  the  I-beams  and 
the  thin  mass  of  oono  below  them,  the  flanges  are  often  wrapped  with  metal 
lath,  before  the  blocks,  etc,  are  placed. 

69.  'Wall  formii  are  usually  made  up  in  panels,  so  that  they  can  be 
used  several  times.  The  panels  are  deated  together,  and  axe  usually  about 
3  X  12  ft.  The  panels  are  kept  at  the  proper  dist  apart  by  separators, 
of  wood  or  cone,  and  are  held  in  place  by  bolts  or  wire  ties.  When  wood 
separators  are  used,  they  must  be  removed  just  ahead  of  the  concreting. 
Gone  block  or  tube  separators  are  sometimes  used.  These  remain  in  the 
wall.  When  bolts  are  used  that  are  to  be  later  withdrawn  and  used  again, 
they  should  be  loosened  by  means  of  a  wrench,  about  24  hours  after  con- 
creting; otherwise  it  will  be  difficult  to  remove  them. 

69.  In  the  Wiederlioldt  system  of  reinfd  cone  wall  construction, 
the  cone  is  deposited  within  small  hollow  tile  blocks,  which  form  the  finished 
exterior  surface,  and  no  wooden  or  other  temporary  forms  are  used.  The 
H2S^.t"*"***^**'"i***.*^'^"i«»™««i*"o«  *l»«^o'k.  Tiling  and  eon- 
ereting  are  earned  up  mmultaneoualy. 
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70.  To  reduce  the  cost  of  forms  in  mnfd  bmldinc  eonstniotion,  eolumns. 
beams,  slabs,  etc,  mav  be  east  on  the  ground,  aod  afterward  erected 
and  placed  as  deeirea;  at  the  sacrifice,  however,  of  the  rigidity  due  to  the 
monolithic  character  of  ordinary  reinfd  work. 

71.  Metal  forms.  When  the  structure  is  of  small  and  uniform 
cross  section,  permitting  the  repeated  use  of  the  same  forms,  as  in  sewers, 
conduits,  tunnels,  etc,  the  lagging,  for  the  wooden  forms,  may  be  of  sheet 
metal.  In  tunnds  and  similar  works,  of  considerable  extent,  and  in  small 
ornamental  work,  forms  composed  entirely  of  metal  may  be  used. 

72.  Both  careless  and  over-careful  allarmnent  are  to  be  avoided. 
Mr.  W.  J.  Douslas  CE  N  '06/Dec/20,  p  646)  suggests  the  allowance  of  **  H 
inch  departure  from  established  lines  on  *  finished Mirork,  2  ins  on  *  unfinished  ^ 
work." 

7S«  Avoid  fine  detail,  and  detail  with  shaip  angles.  Ck>mers  should 
be  rounded  or  beveled,  to  facilitate  the  flow  of  cone  and  the  removal  of  forms, 
and  to  render  the  comers  less  liable  to  subsequent  injury. 

74.  Wooden  forms*  within  which  the  cone  is  to  be  placed,  should  be 
fairly  watertight,  smooth,  and  of  sufficient  strgth  and  stiffness  to  hold  to 
line  under  the  pres  of  the  green  cone. 

75.  The  forms  are  usually  of  dimensioned  timber,  faced  with  planed 
boards  or  planks.  The  opening  of  joints  betw  the  planks  may  be  partially 
prevented  py  the  use  of  matched  boards  or  of  tongued-and-tsrooved  plank. 

76.  Mortar,  exuding  thru  open  joints,  leaves  voids  or  stone  pockets  on 
the  siufaoe.  Hence,  in  forms  for  faoework,  joints  should  be  made 
tlgrtat,  if  necessary,  by  the  use  of  mortar,  putty,  plaster  of  Paris,  sheathing 
paper  or  thin  metal. 

77.  If  the  lumber  is  very  dry,  when  fastened  in  place,  its  swelling,  due 
to  its  absorption  of  moisture,  may  bulge  the  boards  and  produce  unsightly 
work.  In  such  cases,  the  boards  should  not  be  matched,  but  should  have 
their  edges  slightly  beveled,  and  the  sharp  angle  of  the  edges  of  adjacent 
boards  placed  in  contact.  Swelling  wHl  then  crush  the  edges  rather 
than  bulge  the  board. 

I<nmber  for  Forms. 

79.  White  pine  is  best  for  fine  face-work,  and  quite  essential  for  ornamental 
construction  when  cast  in  wooden  forms. 

79.  Spruce,  fir,  Norway  pine  and  the  softer  kinds  of  Southern  pine  are 
more  liable  to  warp  than  white  pine,  but  are  generally  stiffer  and  therefore 
better  for  struts  and  braces. 

80.  Partially  dry  lumber  is  usually  best.  Kiln  dried  lumber  is  unsuit- 
able, as  it  swells  when  the  wet  cone  touches  it.  In  verv  green  lumber, 
especially  Southern  pine,  the  joints  are  apt  to  open.  Green  lumber  is  heavy, 
and  does  not  hold  nails  well. 

81.  For  wall-panel  forms,  tongued-and-grooved  or  bevel-edge  stuff  is 
preferable  to  square-edge.  Tongued-and-grooved  gives  smoother  surface 
and  less  opening  of  joints,  than  sauare  or  bevel  edge,  out  is  more  expensive, 
owing  to  waste  m  dressing,  and  there  is  more  wear  at  joints  if  the  forms  are 
used  often. 

82.  Even  for  rou^  forms,  planing  on  one  side  may  save  money  by  re- 
ducing the  cost  of  cleanine;  after  using.  Studs  should  always  be  planed  on 
one  side,  to  bring  them  to  size. 

8S.  Tlilekness.  For  ordinary  walls,  1 H  ins;  for  heavy  construction, 
using  derricks,  2  ins.  For  floor  paneb,  1  inch  boiurds  are  most  used;  but. 
in  taD  building,  they  become  much  worn,  and  give  bad  finish  to  under  sides  of 
floors.  For  sides  of  girders,  1  inch  or  1  U  inch  answers,  but  2  inch  is  better 
for  bottoms.    Col  forms  usually  of  2  inch  plank. 

84.  Studding  is  Ufually  from  3  X  4  to  4  X  6  inch;  4X4  inch  is  the  most 
useful  size.  Spacing,  usually  2  ft  for  1  inch  boards,  4  ft  for  1  yi  inch,  5  ft 
for  2  inch. 

85.  Since  beams  and  columns  sustain  greater  stresses  than  floor  slabs, 
their  forms  should  be  left  in  place  longer,  and  should  therefore  be  indepen- 
dent of  the  slab  forms. 

86.  Sides  of  beam  forms  should  be  clamped  or  wedged  together,  to  pre* 
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▼rat  their  apringias  away  from  tSie  bottom  boarda,  under  the 
theeonc. 

87.  Hardwood  wcdarea*  at  tops  and  bottoms  of  stnxts   facilitate  the 
setting  and  removing  ofthe  stmts,  and  testing  for  deflection. 

88.  I^tfflit  Joists  (say  2  X  8  or  2  X  10).  with  frequent  shofes,  are  prefer- 
able to  heavier  aiies,  difficult  to  handle. 

Strength  of  Forms. 
80.  The  strcnirtli*  required  for  the  forms,  may  be  estimated,  where 
wet  cone  is  used,  by  assuming  the  ores  of  the  cone  as  equal  to  that  of  a  liquid 
weighing  about  150  lbs  per  eu  ft.*  If  dr^  and  hard-rammed  eone  be  used, 
the  wedging  of  the  stone,  due  to  the  tamping,  wiU  considerably  increase  the 
pressure. 

90.  Permissible  loMte,  in  lbs,  on  wooden  struts  for  floor  eonatnio- 
tion. 


Unsupported 
lengtii,  ft 

Cross  section  of  strut,  inches 

3  X  4  -  12 

4  X  4  -  16 

6X  6-36 

8X8-64 

14 

12 

10 

8 

6 

per 
sq  m 

600 

700 

860 

1000 

total 

per 
sqm 

700 

800 

900 

1050 

1200 

total 

11200 
12800 
14400 
16800 
19200 

sq  in 

900 
1000 
1100 
1200 
1200 

total 

32400 
36000 
39600 
43200 
43200 

1100 
1200 
1200 
1200 
1200 

total 

70400 
76800 

'^ 

76800 

7200 

8400 

10200 

12000 

91.  In  timber  beams,  calculated  for  stigth,  the  eactreme  Hber  i 
is  to  be  taken  at  750  Ibe  per  sq  inch. 

•2.  CoBStraetion  llTe  load,  liable  to  come  upon  cone  while  setting, 
75  lbs  per  sq  ft  on  slabs;  50  lbs  per  sq  ft  in  figuring  beam  and  girder  foons. 
This  includes  weight  of  men,  barrows  filled  with  eono,  and  atnietoral  ma- 
terial pUed  on  floor,  but  not  piles  of  cem  aand  or  atooe,  whieh  ahould  not 
be  permitted  unless  specially  provided  for. 

88.  Floor  forms  should  be  baaed  upon  allowable  dtflecHom,  mUier 
than  upon  ttrtngth*    Formula: 

.       3WZA_  -         5M 

°"  384^/  •  '  "      12   • 


d    —  deflection,  ins; 

W  —  total  load  on  plank  or  timber; 

L   —  distance,  ins.  oetween  supports; 

E   —  elastic  modulus  of  lumber  used  —  1.300,000  Ibe  per  aq  iaeh; 

/    —  moment  of  inertia  of  croas  seetion  of  plank  or  joist; 

5     —  breadth  of  plank  or  j<nst; 

h    —  depth  of  plank  or  joist. 
In  the  usual  formula  for  deflection  (see  p  480)  1  /384  is  the  eoeff  for  beams 
with  fixed  ends,  while  5/384  is  that  for  merefy  supported  ends. 
Weight  of  cone,  including  reinforoemt.  154  lbs  per  cub  ft. 
(Sanford  £.  Thompson,  Assn  Am  Portland  Cem  Mies,  Bulletin  13,  1907.) 


Betails  of  Forms. 
94.  Too  much  nallinar  increases  the  difficulty  of  taking  the  fonns  apart 
without  injury.    Wire  naib  can  be  pulled  with  less  daxnage  to  the  wood  toaa 
can  cut  nails. 

uJUS'ATLiJ^'^^iLS*^'  '05/Dec/20.  p  646)  assumes  that  the  eonc  ia  a 
liqmd  of  >^  Its  own  weight,  or  75  tt)s  per  cub  ft.    igitized  by  VjOOgT 
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•5.  Iron  or  stool  wall  ttes*  extendins  thru  the  wall  and  fa«teninc 
the  forma  id  place,  are  usually  removed  and  used  again,  if  >  ^  inch  in  diam. 
IS  >  H  inch  diam,  they  are  usually  allowed  to  remain;  but,  if  their  enda 
reach  to  the  outer  surface  of  the  wall,  they  produce  unsightly  rust  stains. 
To  prevent  this,  the  cone,  surrounding  their  ends,  is  chim)ed  out,  and  the 
rods  are  cut  o£f,  back  from  the  surface.  The  holes,  thus  formed,  are  after- 
ward plugged  with  mortar. 

96.  Seporotors  (patented  by  Wm.  T.  McCarthy.  1  Madison  Ave., 
New  York  dty),  molded  of  cem  mortar,  in  the  form  of  hollow  cylinders,  and 
in  lengths  of  4  and  6  ins,  encircling  the  bolts,  are  sometimes  used  After 
the  bolt  is  withdrawn,  the  hole  in  the  cyl  is  filled  with  mortar. 

97.  Forms  are  liable  to  disturbanoe  b;^  blows  from  the  cone  bucket,  or 
by  the  running  of  machinery  in  contact  with  the  forms. 

98.  Any  cone,  adhering  to  a  form,  must  be  removed  before  the  form  is 
— '"1  used. 


AdIioBloii  to  Forms. 

99.  Adhesion  to  forms.  If  the  wood  is  new,  and  if  the  forms  are 
thoroly  wet  before  cone  is  placed,  the  cone,  if  hard,  is  not  apt  to  adhere 
to  the  forms  when  these'  are  removed.  If  the  forms  are  to  be  removed 
before  the  cone  is  hard,  they  should,  before  concreting,  be  greased  with 
material  thin  enough  to  flow  and  fill  the  grain  of  the  wood.  Crude  oil, 
linseed  oil,  soft  soap  and  other  lubricating  substances  are  iised . 

100.  New  work  is  apt  to  adhere  to  old  sticks,  where  cone  has  previously 
adhered,  even  tho  this  nas  been  cleaned  aS. 

101.  Oil,  applied  to  forms  (to  prevent  their  abaorption  of  water  or  to 
facilitate  their  removal,  ^  99),  is  apt  to  find  its  way  to  joints  betw  old  and 
new  work,  and  prevent  the  formation  of  a  satisfactory  bond.  Soap  and  soft 
soap  are  of  course  harmless  in  this  respect. 

RemoTol  of  Forms. 

108.  Premature  removal  of  forms  and  proiM  has  caused  many 
Dsllores  of  cone  buildinss;  but  undue  delay,  in  their  removal,  means  delay 
in  the  work  and  increase  in  the  number  of  forms  reqd. 

19S.  The  French  law  requires  that  test  bloeks  and  sample  beams  be 
made  for  every  section  cast.  Theee  enable  the  engineer  to  judge  intelli- 
gently as  to  the  condition  of  the  actual  work. 

104.  Props  should  be  removed  from  one  beam  or  qirder  only  at  a  time, 
and  should  be  at  once  replaced  after  the  forms  for  that  beam  have  been 
removed.    This  permits  the  discovery  and  repair  of  defects. 

105.  The  forms  may  be  remoTOd  earlier  in  warm  and  dry 
than  in  cold  and  damp  weather,  earlier  from  under  light  than  from  under 
heavy  loads,  earlier  with  quick-eetting  than  with  slow-setting  cem,  and 
earlier  with  dry  than  with  wet  mixtures.     See  Specifications,  pl359. 

106.  To  release  the  beam  boxes,  the  posts  may  be  supported  on 
wedges  and  capped.  The  poets  and  cs^as  should  not  be  removed,  from  more 
than  one  beam  at  a  time.  After  the  beam  boxes  have  been  removed,  the 
posts  and  cape  should  be  replaced  before  removing  the  forms  from  any 
other  beams.  Or,  the  posts  may  be  supported  sobdly,  and  capped  with 
a  corbel  formins  the  bottom  and  supporting  the  side-boards  of  the  beam 
boxes.  The  sioe-boards  may  then  be  removed,  leaving  the  posts  and 
corbels  undisturbed. 

107.  PrylnfT  against  tke  eone,  in  removing  the  forms,  may 
injure  it. 

Joints  In  Conerete. 

108.  DUBcnltjr.  In  large  work,  the  joints,  betw  work  done  on  diff  days 
or  even  before  and  after  an  hour's  interval,  are  apt  to  give  trouble,  espe- 
cially where  watertightness  ia  reqd. 

109.  Causes.  The  difficulty  appettra  to  be  due  partly  to  a  surface  skin 
or  glase,  on  the  surf  of  the  hardened  cone,  and  partly  to  the  preeence  of  oily 
or  dusty  materials,  laitanoe  or  sawdust,  betw  the  two  surfs.  Oil,  used 
upon  tne  forms,  or  saturating  the  clothing  of  the  workmen,  is  apt  to  find  its 
way  to  the  joints.  Sawdust  is  partieuluiy  diflScult  to  remove.  The  bond 
is  especially  weak  if  the  okier  sun  is  froaen.  igitized  by  L^OOg  IC 
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110.  Remedies.  Maov  remedies  hav«  been  proposed,  advertised  And 
tiaed,  but  none  has  been  fully  tested  by  time.  See  Spccificatioas,  p  1358. 
Cleanliness  of  surface  and  the  use  of  wet  mixtures  are.  probably  the  best 
preventives.  Water,  used  in  scrubbing  joints,  should  be  rinsed  off  with 
clean  water.  A  jet  of  live  high-pres  steam  is  very  effective,  removing  even 
sawdust.  Hydrochloric  acid  ia  used  to  advantajpe.  Patented  methods  of 
securing  bona,  at  joints,  include  the  use  of  metalhc  bindeis,  with  their  taada 
left  projecting  from  the  older  surf,  to  bond  with  the  newer.  Another  method 
employs  a  layer  of  prepared  honey-comb  slse,  sprinkled  over  the  stall  soft 
older  surf;  loose  slag  being  removed  after  the  ^rdening  of  the  older  surf  and 
before  the  placing  en  the  newer  material. 

111.  Where  cone  is  used  in  relnforeins  and  protecting  old  etene 
masonrsr,  a  stone  should  be  removed  here  and  there  from  the  cM.  masonry, 
and  the  joints  cleaned  out  and  washed.  Key-bolts,  with  large  washers  on 
their  heads,  may  also  be  driven  into  the  face  and  left  projecting  into  the  con- 
crete. The  cone  should  also  be  carried  far  enough  down  the  back  of  the 
wall  to  prevent  water  from  working  down  into  the  hoxisontal  joints  on  the 
tops  of  the  wing  walls  and  main  walls. 


lia.  Bammlns  of  cone  is  necessary  only  with  relatively  dry  mixtures. 
When  properly  done,  it  consolidates  the  mass  about  5  or  6  %,  rendering  it 
less  porous,  and  very  materially  stronger.  For  ranuners,  see  spec'ns,  p  1867 
The  men,  using  them,  if  standing  on  the  cone,  should  wear  gum  boots. 

113.  Under  water,  ramming  can  be  done  only  partially,  and  when 
the  cone  is  enslosed  in  bags.  A  rake  may  be  used  gently  for  leveling  loosely 
deposited  cone  under  water. 

114.  Ranmiing  should  be  discontinued  before  setting  oommenoes.  Ex- 
cessive ramming  disturbs  the  homogeneity  of  the  cone. 

Placiii9  under  Water. 

115.  Concrete  nuay  readily  be  depoeited  under  water  in 

the  usual  way  of  lowering  it,  soon  after  it  is  mixed,  in  a  dredge  bucket,  or  in  a 
V-shaped  box  of  wood  or  plate  iron,  with  a  Ud  that  may  be  dosed  while  the 
box  descends.  The  lid,  however,  ia  often  omitted.  This  box  is  so  arranged 
that,  on  reaching  bottom,  a  pin  may  be  drawn  out  bjr  a  cord  reaching  to 
the  surf,  thus  permitting  one  of  the  sloping  sides  to  swing  open  below,  and 
allow  the  cone  to  fall  out.  The  box  is  then  raised  to  be  refilled.  In  large 
works  the  box  mav  contain  a  cu  yd  or  more,  and  should  be  suspended  from 
a  traveling  crane,  by  which  it  can  readily  be  brou^t  over  anv  required  spot 
in  the  work.  The  cone  may  if  necessary  be  gently  leveled  by  a  rake  soon 
after  it  leaves  the  box.  Its  consistency  and  strgth  will  of  course  be  impaired 
by  falling  thru  the  water  from  the  box;  and  moreover  it  cannot  be  rammed 
under  water  without  still  greater  injxiry.  Cone  has  been  safely  deposited 
in  the  above-mentioned  manner  in  depths  of  50  ft. 

116.  The  Tremle,  sometimes  used  for  depositing  cone  under  water,  ia 
a  box  of  wood  or  of  plate  iron,  round  or  square,  open  at  top  and  bottom, 
and  of  a  length  suited  to  the  depth  of  water.  It  may  be  about  18  ins  diam. 
Its  top,  which  is  always  kept  above  water,  is  hopper-shaped,  for  receiving  the 
cone  more  readily.  It  is  moved  laterally  ana  vertically  by  a  traveling 
crane  or  other  device  suited  to  the  case.  In  commencing  operations,  its 
lower  end  resting  on  the  river  bottom,  it  is  first  entirely  nlled  with  oonc, 
which  (to  i>revent  its  being  washed  to  pieces  by  falling  through  the  water 
in  the  tremie)  is  lowered  in  a  cylindrical  tub,  with  a  bottom  somewhat  like 
the  box  descnbed  in  ^  115,  which  can  be  opened  when  it  arrives  at  its  proper 

Elaoe.  When  filled,  the  tremie  is  kept  so  by  fresh  cone,  thrown  into  the 
opper  to  supply  the  place  of  that  which  gradually  falls  out  below,  as  the 
tremie  is  liftecl  a  little  to  allow  it  to  do  so.  The  weight  of  the  filled  tremie 
compacts  the  cone  as  it  is  deposited.  A  tremie  had  better  widen  out  down- 
ward to  allow  the  cone  to  fall  out  more  readily. 

117.  The  area  upon  which  the  cone  is  deposited  must  previously  be  sur- 
rounded by  some  kind  of  inclosure.  to  prevent  the  cone  from  spreading 
beyond  its  proper  limits;  and  to  serve  as  a  mold  to  give  it  its  intended  ishape. 
This  inclosure  must  be  so  strong  that  its  sides  may  not  be  bulged  outward  oy 
the  weight  of  the  cone.  It  is  usuallv  a  close  crib  of  timber  or  plate  iron 
without  a  bottom:  and  will  remain  after  the  work  is  done.  If  ot  timber  it 
may  require  an  outer  row  of  cells,  to  be  filled  with  stone  or  gravel  for  sink- 
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ing  it  into  place.  Care  muat  be  taken  to  prevent  the  escape  4>f  the  cone 
through  open  spaces  under  the  sides  of  the  crib  or  indosure.  To  this  end 
the  cnb  mav  be  scribed  to  suit  the  inequalities  of  the  bottom  when  the  latter 
cannot  readily  be  leveled  off.  Or  inside  sheet  piles  will  be  better  in  some 
cases;  or  an  outer  or  inner  broad  flap  of  tarpaulin  may  be  fastened  all  around 
the  lower  edge  of  the  crib,  and  be  weighted  with  stone  or  gravel  to  keep  it  in 
place  on  the  bottom.  Broken  stone  or  gravel  or  even  earth  (the  last  two 
where  there  is  no  current),  heaped  up  outside  of  a  weak  crib,  will  prevent  the 
bulging  outward  of  its  sides  by  the  pressure  of  the  cone.  After  the  cone 
has  been  carried  up  to  within  some  ft  of  low  water,  and  leveled  off,  the 
masonry  may  be  started  upon  it  by  means  of  a  caisson,  or  bv  men  in  diving 
suits.  Or,  if  the  cone  reaches  very  nearly  to  low  water,  a  first  deep  course 
of  stone  may  be  laid,  and  the  work  thus  brought  at  once  above  low  water 
without  any  such  aids. 

118.  Tbe  conerete  Mhoald  cxt«iid  out  from  2  to  5  ft  (according 
to  the  case)  bevond  the  base  of  the  masonry.  All  soft  mud  should  be  re- 
moved before  depositing  cone. 

119.  Bays  iMirtly  fllled  w^ltb  conerete,  and  merely  thrown  into 
the  water,  are  used  in  certain  cases.  If  the  texture  of  the  bags  is  slightly 
open,  a  portion  of  the  cem  paste  ooaea  out,  and  binds  the  whole  into  a  tolerably 
compact  mass.  Such  bags,  by  the  aid  of  divers,  are  employed  for  stop- 
ping leaks,  underpinning,  and  various  other  purposes,  that  may  suggest 
themselves.     Such  bags  may  be  rammed  to  some  extent. 

120.  Tarpaalin  may  be  spread  over  deep  seams  in  roek 
to  prevent  the  loss  of  cone;  and,  m  some  cases,  to  prevent  it  from  being 
washed  away  by  springs. 

121.  Concrete,  placed  in  water,  should  be  in  larve  batebes,  in  order 
that  the  ratio  of  exixwed  surface  to  vol  may  be  small.  In  running  water, 
lead  off  the  flow  in  pipes  or  shutes  or  by  means  of  bulkheads  (for  which  bag 
cone  is  suitable).  If  water  is  pumped  out  of  the  pit  while  concreting,  it  is 
apt  to  take  cem  with  it.  Observe  the  water  flowing  from  the  pump  for  in- 
dications of  loss  of  cem. 

122.  Cone  dock  foundation  on  rock  14  to  19  ft  below  low  water  and 
covered  with  mud.  Laid  with  assistance  of  diver.  Mud  washed  off  by 
jet.  Rock  not  leveled.  Wooden  forms  built  on  rock.  Spaces,  under  forms, 
nlled  with  bags  of  cone.  Forms  held  down  Dy  means  of  boxes  loaded  with 
broken  stone,  anchored,  by  wire  cables,  near  bottom,  to  neighboring  piles, 
and  braced,  at  top.  by  cross  pieces  nailed  to  existing  dock.  Cone  lowered, 
by  derrick,  in  }i  yd  bottom-dump  bucket,  and  dumped  when  close  to  work. 
Tlie  only  cem  lost  is  the  little  which  washes  from  top  of  bucket  load  as 
bucket  is  submerged.  The  work  has  sonooth  faces  along  the  forms,  and  ap- 
pears to  be  perfectly  homogeneous.     (E  R,  '05/Octy21 ,  p  468.) 

128.  Placing  cone  in  90  It  water,  in  shaft,  to  stop  inrush  of  water  at 
bottom  of  shut.  Cone  fed,  by  hopper,  into  8  inch  screw-jointed  wrought 
iron  pipe,  lower  end  stopt  with  wood  plug  and  resting  on  bottom  of  shaft. 
When  the  pii>e  was  raised  slightly,  the  plug  refused  to  move  and  release 
cone.  Pii>e  withdrawn,  taken  apart,  and  each  section  emptied.  Plug, 
not  tight,  had  allowed  lowest  section  to  fill  with  water,  which  disintegrated 
the  cone,  leaving,  at  top  of  lowest  section,  a  plug  of  neat  cem,  which  pre- 
vented the  cone,  above,  from  pushing  out  the  wood  pliig  as  intended.  Expt 
repeated,  with  tight  plug.  Inside  tne  8  inch  pipe  was  placed  a  1  ^  inch 
pipe,  by  means  of  which  the  wood  plug  was  knocked  out,  allowing  cone  to 
descend.  Rate  regulated  by  changing;  dist  of  foot  of  pipe  above  bottom 
of  shaft.  Mass  of  cone,  10  or  12  ft  thick,  deposited.  The  upper  6  or  8  ins 
never  set;  but  the  remainder  appeared  to  be  solid  and  homogeneous. 
(Assn  C  E,  Cornell  Univ,  Trans,  1898,  p  74.) 

124.  In  a  case  where  hollow  iron  piles,  in  clean  sandy  bottom,  were  filled 
with  cone,  some  of  the  mortar  leaked  out,  and  formed,  with  the  surrounding 
sand,  masses  of  cone,  which  adhered  mc^t  tenaciously  to  the  piles;  suggesting 
the  use  of  hollow  piles,  purposely  perforated,  in  their  lower 
portions,  with  small  holes,  thru  which  grout,  poured  into  them,  at  top,  can 
escape  into  the  sand.  (Chas  List,  Jour  Assn  Engg  Socs,  March,  1903,  Vol  30, 
No  3.  p  124.) 

129.  Superior  Entry,  Wis.  Mixer  dischar^^  into  asnb-bopper,  with 
a  cut-off  shuts,  which  discharges  into  depositing  buckets  on  cars  under  the 
platform.     Upon  reaching  the  work,  the  buckets  are  lowered  into  the  sub- 
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mersed  molds  by  tnveUine  deniokB.  Each  bucket  is  provided  with  two 
canvas  covers,  in  two  pieces,  quUted  with  sheet  lead,  and  fastened  to  op- 
posite sides  of  the  bucket.  When  in  position,  these  pieces  oveili4>  at  the 
middle  of  the  buckets,  completely  covering  the  otherwise  exposed  cone. 
When  the  bucket  has  been  set  upon  the  bottom,  it  is  tripped  by  a  spedaUy 
designed  latch,  from  which  a  rope  leads  to  the  derrick  man  on  the  traveller. 
The  canvas  curtains  prevent  washing  of  the  cone.  A  loaded  bucket  wei^is 
13,662  lbs.  Impact  of  loaded  bucket,  upon  cone  already  laid,  seems  to 
compact  the  cone  sufficiently.  Discoloration  of  water  by  cem,  durinc  de- 
scent of  loaded  bucket,  very  rarely  noticed.  (Report  of  Chief  Engr  U.  SL  A., 
1904.  Part  IV,  p  3786.) 

SURFACE  FIHISH. 

1S6.  Upon  the  removal  of  the  usual  wooden  forms,  the  cone  surface  ahow^ 
the  marks  of  the  grain,  knots  and  joints  of  the  lagging.  This  appearance 
may  or  may  not  be  objectionable. 

127.  Plasterlns  with  cem  mortar  gives  a  good  finish  in  the  interior  of 
buildings,  where  rain  and  frost  cannot  affect  the  plaster;  but  it  usually 
scales^  when  applied  to  exterior  surfaces. 

128.  Outer  surfaces  may  be  washed  wltli  thin  eement  nont, 
after  pointing,  where  necessary,  with  cem  mortar.  This  should  be  done 
while  tlM  cone  is  green,  and,  if  possible,  immediately  after  the  removal  of 
the  forms.  A  thin  grout,  composed  of  1  part  Plaster  of  Paris  and  3  parts 
cem,  I4>plied  with  whitewash  brushes,  gives  satiafaotory  results. 

129.  Cone  surfaces  may  be  tooled  with  the  toothed  axe,  giving  a  variety 
of  effects.  If  picked  when  the  cone  is  somewhat  green,  a  rough  surface  is 
left,  which  shows  the  stone  and  corresponds  to  rough  pointed  stone  work. 
UmeaB  the  tool  is  sharp,  the  surface  is  injured.  When  the  cone  is  older  and 
harder,  picking  gives  the  effect  of  fine  pointing.  Conq^rsssed  air  tools  and 
the  sandblasthave  been  used  effectively,  the  former  on  parts  of  the  Harvard 
Stadium. 

ISO.  Faelii||rs«  of  speeialljr  preimred  morter,  are  often  placed 
at  the  same  time  with  the  body  of  the  cone^  bjr^  means  of  a  sheet  inetal  form 
or  dam.  set  on  ed         —  •     ■ 
after 
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dam,  set  on  edge.  This  dam  separatee  the  facing  from  the  backing;  and 
_jer  both  facing  and  backing  have  been  brought  level  with  its  top,  it  is 
lifted  out  of  its  place  and  used  again  upon  the  layer  of  work  next  above. 
After  the  form  is  lifted,  the  semi-fluid  facing  and  backing  flow  together, 
uniting  in  the  narrow  space  vacated  by  the  form. 


181.  Facing  should  not  be  richer  than  1  :  3,  unless  for  ornamental  work; 
for  plain  surfaces,  1  :  4.  Too  rich  a  facing,  and  excessive  rubbing,  cause  a 
tendency  to  form  hair  cracks  in  the  surface,  and  are  expenaive.  On  Chicago. 
Mil.  A  S.  P.  R.  R..  in  Chicago,  "the  cem  used  in  putting  a  1 H  ineh  facing  m 
mortar  of  1  Portland  :  2  sand,  on  fairiy  heavy  abutments,  amoontea  to 
about  9  %  of  the  cem  used  in  the  entire  neat  work." 

132.  "In  the  ease  of  a  narrow  wall,  the  speed  of  the  work  is. frequently 
impeded  by  the  inability  to  carry  up  the  facing  fast  enough,  and  in  any  case 
two  or  more  extra  men  are  needed,  to  mix  and  carry  mortar  and  to  attend 
to  placing  the  facing  inside  the  form."  ( W.  A.  Rogers,  R  R  Gas,  'OO/JuI/6, 
p461.) 


188.  With  spaded  or  mortar  finish,  to  protect  the  work 

flrost  a  layer  of  tar  paper  nuiy  be  placed  outside  the  studs,  leaving  an 
air  space,  of  the  thickness  of  the  studs,  betw  the  paper  and  the  lagginc.  In 
this  space,  the  temp  will  be  from  8^  to  l(f  above  that  of  the  outside  air. 
Such  a  protection  is  of  course  most  needed  on  the  sides  exposed  to  the  wind. 
(W.  J.  Douglas,  £  N.  '06/Dec/20.  p  660.) 


184.  Change  of  hands,  during  the  progress  of  finishing  work,  may  reaoit 
in  loss  of  uniformity  of  appearance. 

188.  Serabblnir  before  eone  to  set.  Mr.  H.  H.  Quimby  (Natl 
CMn  Users  Assn.  Procs.  1907)  scrubs  the  fresh  cone  surf,  before  hard  set, 
witb  a  brush  and  water,  thereby  removing  the  film,  and,  with  It,  all  impna- 
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■ion  of  the  forms,  and  exposuuf  the  clean  stone  and  sand  of  the  cone.  A  few 
rube  of  an  ordinary  house  senibbing  brush,  with  a  free  flow  of  water  to  cut 
and  to  rinse  clean,  suffice;  but  a  little  additional  rubbing  improves  the  effect. 
The  necessity  for  eariy  removal  of  the  forms,  when  this  method  is  used, 
necesfitates  special  care  in  their  construction,  increasing  their  cost.  When 
applied  to  surfaces  forming  square  corners,  the  projecting  sand  particles 
produce  a  ragged  effect.  Hence  care  should  be  taken  not  to  extend  the 
treatment  to  such  comers. 

1S6«  An  effect  similar  to  that  obtained  by  Mr.  Quimby's  method,  mav  be 
produced,  after  hard  set,  by  waAtalny  witli  an  a«ia  aolntlon,  which 
u  afterward  removed  by  the  use  of  an  alkaline  wash,  followed  by  water. 
This  method  attacks  limestone  in  the  agg. 

187.  Color  olfeeto  are  best  produced  by  using  agg  of  the  desired  color. 


ISS.  The  difficulty  of  making  oil  paint  adhere  to  fresh  cone 
surfs  is  due  to  moisture  and  free  lime.  A  wash  of  dilute  acid  neutralizes  the 
lime,  but  is  unsatisfactory,  muriatic  (hydrochloric)  acid  forming  highly 
hygroscopic  salts,  such  as  calciimi  chloride,  and  sulfuric  acid  having  only  a 
superficial  effect.  Dissolve  10  lbs  ammonia  carbonate  (salts  of  hartshorns) 
in  45  gals  water,  and  apply  once  with  a  brush,  or  give  several  coats  of  a 
weaker  solution,  or  I4>ply  as  spray.  The  ammonia  is  liberated,  and  the 
carbonic  acid  forms,  with  the  free  lime,  an  insoluble  carbonate,  which 
soon  becomes  dry  and  hard.  After  exhaustive  trials,  this  was  found  the 
only  method  which  satisfies  every  requirement.  The  amm  carb  keeps,  for 
any  length  of  time,  in  fairly  tight  veseels.  (Fred  J.  Bosse,  "Cement 
Age,"'0S/Jan,p48.) 


PBOPEBTIES  OF  CONCRETE. 

Weiffhi.    See  Voids,  p  1256^  and  Density,  p  1257. 

!•  Weishta  of  eonerele,  in  pounds  per  cubic  foot. 
Broken  stone  or  gravel  concreie,  130  to  160;  ordinarily  140  to  150.* 

One  foot  B  M  —  vol  of  a  solid  1  ft  square  and  1  inch  thick,  —  144  cu  ins  — 
1  cu  ft/12. 

144  lbs  per  cu  ft  —  1  lb  per  12  cu  ina  —  lib  per  prism  1  inch  square  and 
12  inches  long. 

Hence,  at  144  lbs  per  cu  tU  the  wt  of  any  prism  in  pounds  —,  area  of 
cross  section  in  square  mchee,  multiplied  by  length  in  feet,  —  vol  in  cubic 
inches/12. 

Wt.lbs/euft 100      110      120      125      130      140      150     160 

Kilograms/ cu  meter....  1600    1760     1920    2000    2080    2240    2400.2560 

Cinder    concrete, 110  to  120; 

Sandstone    *'  143 

JLimestone    ••  148 

eravel  **  150 

Trap  ••  155 

With  natural  cem,  4  to  5  lbs  lighter  per  cu  ft 

3.  The  unit  weight  varies  not  only  with  character  of  constituents,  but 
also  with  proportions,  consistency,  degree  of  compacting,  etc. 

Permeability. 

8.  Even  where  the  primxuy  object  of  the  cone  is  not  the  prevention  of 
percolation  by  water,  impermeabilitsf  is  of  great  importance  m  promoting 
the  durabiUty  of  the  cone,  and  especially  in  protecting  metal  reinfmt  from 
corrosion  and  from  loss  of  adhesion  with  the  cone. 

4.  Water  may  pass  thru  cone,  etc,  so  slowly  that  evaporation,  from  the 
outside,  proceeds  more  rapidly  than  the  water  can  reach  it,  so  that  the  out- 
side of  the  wall  may  appear  dry,  altho  percolation  is  actually  taking 
place.  ^ 

•144  lbs  per  cu  ft  -  12  lbs  per  ft  B  M.  (Board  measure). 

120 *     =•    10     ••       "    "  "  Digitized  by\jOOQle 
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5.  When  made  into  hardened  mortar,  well  trowelled  down  on  ail  surfaces 
which  come  into  contact  with  water,  neat  cement  is  as  nearly  tm> 

germeable  as  the  best  of  natural  rocks  used  for  building  purposes-    (Wm. 
.  FuUer,  Trans,  A  S  C  E,  Vol  51,  pp  133-4,  Dec  19a3.) 


6.  Mortar  or  cone,  so  proportioned  as  to  obtain  the  max  praetlea* 
ble  density,  and  mixt  rather  wet,  is  impervious  under  ordinary  conditions. 

7.  Small  blocks  of  cone,  carefully  made  from  materials  eo  eraded  as  to 
insure  great  density,  or  with  an  excess  of  oem,  have  been  repeatedly  found 
to  be  as  nearly  impervious  as  the  best  natural  stones.     See  Expts,  p  1306. 

8.  In  large  masses,  in  actual  construction,  it  is  difficult  to  produce 
an  absolutely  tight  structure  without  the  addition  of  a  llninfr  of  material 
more  nearly  impervioiis  than  the  cone.  Variations  in  the  mixture,  careless- 
ness in  manipulation  or  placing,  or  in  bonding  betw  successive  days'  works 
(an  hour's  interruption,  in  the  middle  of  a  hot  day,  has  been  known  to  cause 
leakage),  or  insufficiency  of  water,  will  render  cone  permeable,  in  spite  of 
proper  theoretical  proportioning  and  the  addition  of  lune.  The  mix  should 
be  at  least  wet  enough  to  settle  into  place  with  but  little  ramming. 

9.  Cone,  impervious  in  itself,  may  develop  eraeks  thru  which  water 
may  permeate.     Reinfmt,  properly  placed,  opposes  such  cracking. 


lO.  Water  may  permeate  thru  the  mortar,  thru  the  particles  of  agg.  or 
betw  mortar  and  agg.  Probably  most  of  the  percolation  takes  place  thru 
the  mortar.  See  Mortar.  We  here  deal  with  those  aspects  of  permeability 
which  can  better  be  discussed  in  connection  with  the  cone  as  a  compoaite 
material. 

It.  When  the  leakage  consists  of  mere  percolation  thru  the  minnte 
pores  of  cone,  etc  (i  e,  when  there  are  no  actual  fissures),  leakage  gen- 
erally diminishes  with  use^  the  water  (even  when  apparently  clear)  blocking 
its  own  passage  by  depositing,  in  the  pores  of  the  material,  either  its  own 
natural  sediment,  or  (in  the  form  of  "laitanoe")  lime  and  other  compounds 
dissolved  out  of  the  cone  itself. 

ISk  This  action  depends  upon  many  factors,  notably  the  pressure,  the 
sizes  and  shapes  of  the  pores,  the  hardness  and  solubihty  of  the  material, 
and  the  character  of  the  sediment  carried  by  the  water.  Thus,  under  high 
pres,  if  the  material  is  easily  scoured,  or  if  the  pores  are  large  and  relatively 
straight,  leakage  may  be  expected  to  increase,  rather  than  diminish,  with 
time. 

13.  Whefe  the  nature  of  the  ease  permits,  as  in  floors,  retaining  walls,  etc., 
it  is  better  to  lead  the  water  off  by  proper  dralnaore,  than  to  attempt  to 
block  its  passage  by  rendering  the  structure  watertight. 

14.  Wliere  watertightness  Is  required,  as  in  dams,  the  con- 
stituents must  be  carefully  proportioned  for  max  density,  there  must  be  an 
excess  of  rich  mortar  over  vol  of  voids,  dry  mixtures  should  be  avoided,  the 
mixing  must  be  thoro,  and  the  construction  should  be,  as  neariy  as  possible, 
monohthic. 

15.  The  application  of  waterproofing  materials  may  be  either  (a) 
internal,  mixt  with  the  ingredients  of  the  cone;  (b)  superfioal,  filling  the 
pores  near  the  surf;  (c)  external,  preventing  contact  betw  water  and  cone. 

16.  Internal.     For  water  tight  work,  the  vol  of  mortar  should  be  40  to 
5  %  of  the  vol  of  agg,  or  40  to  42  %  if  the 

Trans,  A  S  C  E,  Vol  42,  p  140,  Dec  1890.) 

17.  With  agg  having  35  %  voids,  the  vol  of  mortar  should  be  <  60  % 
of  vol  of  agg;  vol  of  dry  sand  and  cem  <  %  vol  of  agg;  vol  of  sand  > 
2  X  vol  cem.  F6r  cem  leaving  >  10  %  on  No.  120  sieve,  ordinary  sands, 
and  agg  with  35  %  voids,  the  following  proportions  are  given: 

cem        sand  agg    (sand  +  agg)  -t-  cem 

1  1.0  3.00  4.00 

1  1.5  3.75  5.26 

1  2.0  4.60  6.60 

See  Plain  O>norete,  ^22,  p  1266. 

IS.  Every  particle  of  sand  must  be  coated  with  oem,  and  every  partide 
of  stone  with  mortar,  so  that  the  stones  or  the  sand  grains  do  not  toueh. 
19.  To  insure  this  result,  mix  by  means  of  one  of  the  newer  types  of  ma- 


45  %  of  the  vol  of  agg,  or  40  to  42%  if  the  agg  is  graded.     (Geo.  W.  Rafter, 
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chine,  introducing  first  the  measured  quantity  of  water  and  then  the  oem. 
making  a  liquid  grout  which  will  run  easily  mto  the  most  minute  voids  of 
the  sand,  which,  being  next  introduced,  becomes  coated  in  the  shortest  space 
of  time.  The  resulting  mortar  is  still  quite  liquid,  and  flows  into  all  the  voids 
of  the  stone.     (Wm.  B.  Fuller,  Trans  A  S  C  E,  Vol  61,  p  135,  Deo  1903.) 

For  the  use  of  lime,  see  Expt.  82  a,  p  1345. 

SO.  In  making  thin  slabs  with  a  cone  of  2  parts  cem  to  5  of  fine  bitumi- 
nous aah,  reinfd  with  poultry  mesh,  Mr.  W.  K.  Hatt  (Trans,  A  S  C  E ,  Vol  51. 
p  129,  Dec  1003)  employed  a  5  %  solution  of  ground  alum,  in  place  of  one  half 
of  the  gaging  water,  and  a  7  %  solution  of  soap  in  place  ot  the  other  half. 
This  8tieng;thened  and  hardened  the  ash  cone  by  about  50  %,  and  diminished 
its  absorption  by  about  50  %.  The  soap  solution  alone  diminished  absorp- 
tion, but  did  not  strengthen  the  cone.  Sand  mortar  was  not  greatly  strength- 
enea  by  the  soap  and  alam  treatmt,  but  its  absorption  was  dimin- 
ished about  50  %. 

21.  If  joints  are  inevitable,  they  may  be  first  wet,  and  then  covered  with 
neat  oem  paste  or  1  :  1  oem  mortar,  upon  which  the  new  work  is  to  be  placed 
before  the  binding  course  hardens. 

22.  The  permeability  of  cone  linings  of  aqueducts  &c  may  be  diminished 
by  drilling  holes  thru  them  and  iorelii|r  In  ir>*ont  behind  them  by 
means  of  grout  pumps.  The  grout  sometimes  appears  at  many  points, 
indicating  that  it  is  iiassing  not  only  thru  the  cracks  but  also  thru  the 
body  of  the  cone.  This  method  was  suoceasfully  used  in  the  Torresdale 
filteied  water  conduit,  Philadelphia. 

2S.  Sliperilelnl.  For  plastering  the  inside  of  a  covered  clear  water 
well,  Mr.  Edwd  Cunningham  used  1.^  lbs  of  soft  soap  for  each  5  buckets  of 
water,  and  3  lbs  of  alum  per  ba^  of  cem.  The  mortar  was  easy  to  handle  with 
the  trowel,  but  had  a  nauseating  odor.  2  coats,  not  more  than  0.5  inch  in 
all.  18-inch  dividing  wall  showed  no  leak  when  one  side  held  16  ft  of  water. 
The  soap  was  made  of  clarified  fats,  and  cost  7.5  cts  per  lb;  much  too  high. 
With  1  part  oem  to  2  parts  sand,  6  to  9  gals  of  water  and  12  lbs  of  alum  were 
required  for  each  bbl  of  oem.     (Trans,  A  S  G  E,  Vol  51,  pp  127-8.  Dec  1903.) 

24.  As  an  external  treatment,  Mr.  Riohd  H.  Gaines,  New  York  Board 
of  Water  Supply  (Trans,  A  S  C  E,  Vol  59.  p  160,  Dec  1907)  found  the 
Sylweiiter  soap  and  alnm  proeeas  (p  928),  "fairly  effective,  but 
very  expensive  for  large  work. " 

25.  As|i>lialt  can  be  suoceasfully  applied  only  to  dry  surfaces.  It 
becomes  brittle  and  loses  its  efficiency  upon  oxidation;  but  it  will  often 
prevent  leakage  until  the  structure  has  become  tight  thru  infiltration. 
See  1  11.  p  1273. 

26.  The  cone  surface  must  be  dean^  and  must  first  be  treated  with  a 
thin  wash  of  liquid  asphalt,  thinned  with  bensine.  This  enters  the  pores 
of  the  cone,  and  acts  as  a  binder.  Without  this,  the  asphalt  coating  will  not 
adhere  to  the  cone. 

27.  Asphalt  coatings  should  be  made  continuous,  and  should  be  pro- 
fected  against  decay,  from  creeping  and  from  abrasion,  by  being  placed 
between  alternate  layers  of  cone,  or  by  being  covered  with  brickwork  or 
qoasonry. 

28.  Tunnels,  subways  and  basements,  below  water  level,  have  been 
thoroughly  waterproofed  by  continuous  layers  of  heavy  rooflnir  papers, 
well  mopped  with  tar  or  asphalt,  and  placed  between  outer  and  inner  cone 
walU. 

29.  The  two  basins  of  Queen  Lane  reservoir,  Philadelphia,  originally 
lined  with  oem  cone  on  sandy  day  puddle,  and  holding  383  million  gals  of 
water  30  ft  deep,  were  re-lined  with  Bermudes  asphalt  in  1896-7.  The  floor 
received  2  inches  of  asphalt  cone,  with  a  thin  top  layer  of  hot  liquid  asphalt; 
the  slopes,  two  layers  of  hot  liquid  asphalt,  witn  burlap  between  them;  the 


( 


burlap  being  anchored  at  top  by  being  lapped  around  horisontal  iron  or 
wooden  bars,  let  into  the  asphalt  paving.  While  this  work  was  in  progress, 
the  south  basin  of  the  Roxborough  reservoir  (147  million  gals,  25  ft  deep) 


was  similarly  lined.  In  the  north  basin.  Alcatras  (California)  asphalt  was 
used,  and  the  slopes,  as  well  as  the  sides,  were  treated  with  asphalt  cone. 
All  four  of  these  basma  have  since  been  in  continuous  use,  without  sensible 
leakage. 
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ElMtfe  Modmlns,  E.    See  K1  12  Mid  18,  p  iS7a 
80.  When  cono  ie  subjected  to  compresBive  test,  its  strooa  otrain  diepsm 
h  in  general  curved  throughout  its  length;  its  elastic  modulus, 

„  stress,  per  unit  of  area  j.    •  •  u«  *u      * 

E  "»   -7— -7 — ^-^-^- IT — g-\ — Hi:  f  diminishing  as  the  stress  increases. 

shortemng,  per  umt  of  length  ^ 

SI.  Cone  being  weak  in  tension,  and  brittle,  its  tensile  Mtrenipth  i^ 
usually  and  properly  neg^leeted;  dei>endence  is  placed  chiefly  upon  its 
comt>  strgth,  and  its  tensile  and  shearing  stxgths  are  usually  exprest  as 
fractions  of  the  comp  strgth. 

SS.  The  compreMilTe  strengtli  is  preferably  determined  experi- 
mentally by  means  of  cubic  specimens.  The  unit  comp  str^h  decreases 
when  the  ratio,  length /side,  increases,  and,  in  similar  specimens,  when 
their  dimensions  increase. 

S8.  Cone  prisma,  tested  in  endwise  eompresslon,  usually  fail 
bv  shearing  on  planes  oblique  to  the  axes  of  the  prisms.  Upon  these  oblique 
planes,  the  unit  shear  is  about  half  the  ult  comp  stress. 

34.  The  strgth  varies  widely  with  the  character  of  the  cono. 


85.  For  12  ineta  eabes  of  Portland  oem  mixtures  having  from  6  to  18 
agK)  to  1  vol  cem,  Mr.  Edwin  Tliaelic 
from  the  data  of  Expt  18  a,  the  straight-line  fonnula. 


volumes  of  (sand  j+-  ag^)  to  1  vol  cem,  Mr.  Edwin  Tliaeiier  deduces, 
'  e  straight-line  f 

S - M—NX 

rhere 

8    «  ult  comp  strgth,  lbs  per  sq  inch; 
X  —  No  of  parts  of  sand  to  1  part  cem; 
M  and  N  »•  values  as  below: 


Age  —  7  dajrs 

1  month 

3  months 

6  months 

M     -     1800 

3100 

3820 

4900 

JV     -      200 

350 

460 

600 

Mr.  Thaeher  holds  that,  for  practical  mixtures,  "the  strgth  of  cone  de- 
pends principally  on  the  sti^th  of  the  mortar,  and  not.  to  any  great  extent, 
upon  the  amount  of  stone."  In  these  tests,  the  vol  of  stone  was  always 
twice  the  vol  of  sand. 

89.  But  few  tests  have  been  made  to  determine  the  tensile  strens^tli 
of  cone.  It  is  usually  taken  as  approximately  from  one-tenth  to  one-eignth 
the  comp  strength,  and  the  staeariny  strength  as  from  1.2  to  1.5  times 
the  tensile. 

87.  Prof.  L.  J.  Johnson  (Jour,  Assn  Eng  Socs,  Vol  38.  No  6,  p  310,  June, 
1907)  tested  25  reinfd  beams,  3  ins  X  9  ins  X  8  ft,  loaded  6  ins  from  each 
support;  19  of  the  beams  were  of  1  :  2  :  25^  scaly  trap;  6  of  1  :  2.5  :  5. 
All  the  beams  failed  by  slip  of  relnrmt;  the  1:2:2^  beams. 
137  to  143  days  old,  successfully  resisted  shears  of  233  to  573  lbs  per  sq  in; 
av  470;  and  the  1  :  2.5  :  5  beams,  488  to  750;  av  628. 

88.  In  beams,  owing  to  the  rising  of  the  neutral  axis,  under  loading, 
the  nit  unit  Aber  stress,  or  rupture  modulus,  is  about  1.6  X  the  umt 
tensile  strgth. 

Setting. 

89.  Setting  is  of  course  a  function  of  the  cement  paeU.  See  Mortar. 
We  here  treat  of  setting,  as  affecting  the  cone  as  a  composite  body. 

40.  Temperature.  In  hot  weather,  cone  sets  very  much  faster  than  in 
cool  weather,  and  the  load  may  therefore  be  applied  sooner  in  hot  weather; 
but  the  time  required  varies  with  the  class  of  structure  and  of  cone. 

41.  Gradual  loading.  Where  the  loading  is  static  or  gradually  increased, 
the  time  may  be  shorter  than  where  the  load  is  applied  suddenly  or  is  sub- 
ject to  impact. 

42.  "As  a  general  rule,  bridye  abutments  and  piers  of  Portland 
oem  cone  should  be  allowed  to  set  at  least  a  month  before  using,  if  built 
dunnff  ordinary  warm  weather.  If  built  during  cold  weather,  their  use 
gioujd.  if  possible,  be  deferred  until  warm  weather  sets  in.*'  (W.  A.  Rogera, 
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43.  Steel  girder  spans  have  been  placed  upon  Portland  cem  oone  abut- 
ments without  iniury  2  weeks  after  the  oompletion  of  the  abuts  in  hot 
weather;  but  work  of  the  same  character,  finished  early  in  Dec,  was  found 
not  very  solid  inside,  early  in  the  following  March. 

Effects  of  Heat  and  Cold. 

44.  Freealiiir  nearly  always  damages  nat  cem  mortar  or  cone  to  such 
an  extent  that  it  must  be  replaced  by  new  material. 

40.  With  Portland  cem  cone,  flreesln^r  snspendff  the  settinf: 

and  hardening  of  the  mortar,  for  the  length  of  time  during  which  the  materi^ 
has  been  f rosen.  The  apparent  loss  of  strgth,  in  froxen  specimens,  may  often 
be  due  merely  to  such  delay  in  setting. 

46.  While  freezing  seldom  results  in  material  reduction  of  the  ult  strgth 
of  Port  cem  cone,  yet  it  may  prodnee  fterlouM  resnltfi  by  giving  the 
cone  an  apparent  hardness:  thus  causing  the  premature  removal  of  forms, 
or  the  imposition  of  undue  loads,  which  may  produce  failure  when  the  cone 
thaws  out,  if  it  had  not  already  set  sufficiently  before  being  frozen. 

47.  If,  soon  after  the  mortar,  thru  the  entire  thickness  of  a  wall,  is 
frosen,  the  sun  shines  on  one  face  of  it.  so  as  to  soften  the  mortar  of  that  face, 
while  the  mortar  behind  it  remains  hard,  it  is  plain  that  the  wall  will  be 
liable  to  settle  at  the  heated  face,  and  at  least  bend  outward  if  it  does  not 
fall. 

48.  If  the  freezing  does  not  take  place  until  after  the  cem  has  taken  its 
Initial  set,  there  is  little  danger.  Thin  work  should  not  be  done  at  < 
28^  F  on  a  rising,  or  at  <  32^  on  a  falling  temp. 

49.  A  thin  seale  is  likely  to  crack  from  the  surface  of  cone  walks  or 
Walls  which  have  been  frozen  before  the  cem  has  hardened.  Granolithic  or 
troweled  finish  sometimes  spalls  up  in  small  patches,  when  frozen. 

Protection. 

50.  Protection  against  freealnir  is  expensive  and  uncertain. 
Hence  the  placing  of  cone  in  freezing  weather  should  be  avoided  when  possible. 

51.  Housings  and  beating  the  finished  work.  Tents  or  screens 
may  be  used;  but  wooden  sheds  are  more  effective. 

52.  Coverlnsr  the  cone,  as  soon  as  placed,  with  canvas,  cem  bsgs  or  tar 
paper,  or  with  a  thick  layer  of  sand,  straw,  manure,  sawdust  or  other  poor 
beat-conductors.  Straw  should  be  <  1  foot  deep.  Manure  is  the  best,  but 
it  discolors  the  work.  Canvas  etc  should  be  kept  an  inch  or  two  away  from 
the  cone,  leaving  an  air  space.     Otherwise  use  two  layers. 

58.  Heating  tbe  materials.  Stone  is  frequentlv  heated  by  piling  it 
over  a  pipe  or  improvised  oven,  and  building  a  fire  inside;  or  over  a  coilof 
pipe  containing  numerous  small  holes,  and  then  forcing  steam  thru  the  pipe. 
Tne  cone  must  be  used  before  the  steam  is  condensed  and  frozen.  Sand  is 
heated  over  a  long  sheet  iron  stove. 

54.  liOwerlnfp  the  flreeslng  point  of  the  mixing  water* 
by  the  addition  of  chemicals. 

55.  Salt  is  the  cheapest  and  most  commonly  used  material.  It  lowers 
the  freezing;  point  about  1.5*  F  for  each  1  %  salt  added  to  the  water.  A 
10  %  solution  (12  lbs  salt  per  bbl  of  cem)  reduces  the  freezing  point  to  17°  F 
and  does  not  injure  the  strgth  of  the  cone.  For  32°  F,  dissolve  I  lb  salt  in 
18  gab  water;  add  3  os  salt  for  each  3°  below  32°  F.  (Ch  of  Engrs,  U.  S.  A. 
Report,  1895.)     Larger  percentages  of  salt  appear  to  weaken  the  cone. 

56.  Calelnnft  chloride,  15%  solution,  or  1.25  lbs  per  gal  of  water, 
lowers  the  freesing  point  to  about  20°  F,  and  does  not  weaken  the  mortar. 
It  rapidly  absorbs  nkoisture,  and  it  is  possible  that,  if  ground  dry  with  the 
Portland  cem  clinker,  even  to  the  amount  of  0.5  %,  it  would  cause  the  ma- 
terial to  mther  dampness.  The  chloride  dissolves  with  extreme  rapidity. 
and  may  be  added  to  the  mixing  water.  (Prof.  R.  C.  Carpenter,  Cornell 
Univ,  Sibley  Jour  of  Eng,  Jan  1905.) 

57.  The  major  portion  of  a  pile  of  sand  or  stone  may  be  in  condition  for 
use  altho  the  surface  is  frozen. 

59.  In  winter,  we  may  reduce  the  areas  of  the  exposed  layers  of 
the  work,  by  {facing  the  bulkheads  eloeer  together.  A  day's  work  will  then 
run  to  a  greater  elevation,  and  will  necessitate  the  \ise  of ^i^^^  forms. 


) 


1276  CONCRETE. 

59.  Mortars,  placed   in  open  air,  are  more  or  less   injarod*  tgr 

dryinc  instead  of  aetting,  when  the  temperature  exceeds  about  65"  to  7(r; 
but  if  mixed  only  in  small  quantities  at  a  time,  and  quickly  laid  in  masonnr 
of  dampened  stone,  so  as  to  be  sheltered  from  the  air,  the  injury  is  much 
reduceci.  The  sand  and  stone  should  both  be  ttomp,  not  wet,  in  hot  weather, 
and  a  litile  more  water  may  be  used  in  the  cem  paste;  also,  if  possible,  not 
only  the  mortar,  while  being  mixed,  but  the  masonry  also,  should  then  be 
shaded. 

ExiMmslon. 

60.  In  variable  climates,  cast  Iron  cylinders,  filled  wltii 
concrete,  are  frequently  split  horisontally  oy  uneaual  expansion  and 
contraction.  In  such  structures  it  is  safest  to  consider  the  cylinders  as  mere 
molds  for  the  cone;  and  to  depend  only  upon  the  cone  for  sustaining  the 
load. 

For  expansion  eoelBi,  see  Reinforoed  Cone,  ^  9,  p  1278. 

61.  Cracks  and  Joints.  In  abutments  or  culverts  over  60  ft  long, 
divide  the  wall  into  sections  of  about  40  ft,  and  finish  one  section  before  be- 
ginning the  other.  Contraction  will  cause  the  joint  to  ooen,  and  irregular 
cracks  thru  the  body  of  the  wall  will  thus  be  avoided.  Short  sections  may 
be  completed  without  stopping,  and  horiEontal  joints  thus  av<Hded.  **  Very 
small  cracks,  which,  in  stone  masonry,  would  be  difficult  to  find,  show  up 
very  plainly  in  cone."     (W.  A.  Rogers,  R  R  Gas,  '00/ July  6.  p  461.) 

62.  fifliBCt  of  iiiffli  temperatures.  During  calcination  of  the  ma- 
terials for  Portland  cem,  the  chemically  combined  water  is  driven  off.  When, 
in  mixing,  this  water  is  returned  to  the  material,  hardening,  takes  place;  but 
the  re-application  of  temperatures,  sufficiently  high  to  drive  off  the  water 
again,  reverses  the  hardening  process  and  disint^ptttes  the  material. 

Clieniical  Kfiiects. 
6S.  **  Dehydration  of  the  water  of  crystallisation  of  oonc  probably 
begins  at  about  500°  F  and  is  completed  at  about  000°  F";  but  this  cools 
surrounding  masses,  and  thus  increases  the  heat  resistance  of  the  cone.  J.  C* 

64.  Beliydratlon.  Briquets,  kept,  for  6  to  8  hours,  at  1000°  to  1200° 
F  (not  in  contact  with  flame)  and  allowed  to  cool,  showed  praetically  no 
strgth;  but  28  dasrs  immersion  in  water  restored  their  strgth  to  thst  of 
unheated  briquets. 

65.  Fire  resistance.  In  quarts  sand  the  expansion  ooeff  is  twice  that 
of  feldspar;  and  the  expansion,  in  one  direction,  is  twice  that  in  the  direetioii 
perp  to  it. 

66.  At  the  Baltimore  fire  the  cone,  exposed  to  flames,  was  seldam  dam- 
aged to  a  greater  depth  than  H  inch,  altho  projecting  corners  were  at  some 
places  rounded  off  by  flames  to  a  radius  of  about  2  mches. 

67.  filea  water  has  apparently  but  little  effect  upon  oonc  so  proportioned 
as  to  secure  maximum  density,  and  thoroly  mixt.  Damage  by  sea  water, 
reported  as  taking  place  at  the  water  line,  has  probably  been  due,  in  part,  to 
freezing.     J.  C* 

68.  Destructiv  action  upon  cone  by  electrolysis  appears  to  be  due  to 
abnormal  conditions  seldom  occurring  in  practice.    J.  C 

69.  Green  cone  is  injured  by  acids;  but  first  class  cone,  thoroly  harden* 
ed,  is  appreciably  affected  only  by  strong  acids  which  seriously  injure  other 
materials.    J.  C. 

70.  In  the  reclamation  of  arid  land,  where  the  soil  is  heavOy  ehai^ed  with 
alkaline  salts,  cone,  stone,  brick,  iron  and  other  materials  are  injured 
under  certain  conditions,  at  ground  water  level.  Sueh  action  can  be  pre- 
vented by  the  use  of  an  insulating  coating.    J.  C. 

71.  Cone  i>roperiy  made,  and  having  its  surface  carefully  finUtywj  and 
hardened,  resists  the  action  of  iietroleum  and  ordinary  engine  oils.  Oils 
containing  fat  acids  appear  to  injure  cone.     J.  C. 

72.  Sulphuroiis  and  sulphuric  acid  yases,  combined  with  moisture,  eox^ 
rode  cone,  especially  if  heated 

♦J.  C.  Report  of  Joint  Conun.  A8CE,A8TM.AmRyEng&MW 
Assn,  and  Assn  of  Am  Port  Cem  Mfra,  '09,  Jan.     igitized  by  LjOOQIC 
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Tests  of  Concrete  In  place. 
78.  Tests  of  concrete  in  place  may  he  made  by  analysis  of  a  oor« 
of  cone,  obtained  with  a  core  drill.*  using  chilled  steel  shot  for  cutting. 
The  bore  holes  are  afterward  grouted.f 

74.  Tlie  ratio  of  cement  to  sand,  in  the  mortar,  is  found  by 
means  of  the  amounts  remaining  undissolved  in  hydrochloric  acid;  sand 
and  cem,  of  the  kinds  used,  and  mortar,  taken  from  the  core,  being  tested 
separately  in  this  way.     (Prof.  R.  L.  Wales,  in  E  N,  '06 /Jan  9.  p  460 

75.  Tlie  ratio  of  mortar  to  stone*  in  the  oonc,  is  found  (1)  by 
actual  separation  and  by  weighing  the  stone  and  the  mortar  separatcdy,  or 
(2)  by  ascertaining  separately,  ana  comparing,  the  specific  gravities  of  the 
stone,  the  mortar,  ana  the  cone. 

*  Made  by  Cyclone  Drill  Co.,  Orrville,  C,  including  small  drills,  worked 
by  hand. 

t  B.  Q.  Cope,  in  E  N,  '06/Jany9,  p  41. 
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REIIirFOR€£]>  €OH€R£TE. 

1.  The  tensile  and  shearing  strengths  of  cono  are  low  as  compared  with 
its  comp  sti^th.  Hence  metal  rods  or  shapes  are  embedded  in  eonc  stnie- 
tures  in  those  portions  subject  to  tensile  and  shearing  stresses,  and  in  such 
positions  as  to  take  those  stresses. 

2.  Uses.  Rdnfmt  is  used  chiefly  in  the  tension-sustaining  portions  of 
beams  and  girders,  (including  floor-slabs),  ools,  walls,  retaining  walls,  dama, 
etc;  but  it  is  useful  also  in  many  oth^  cases;  aa  for  preventing  hair  cracks 
in  Burfaoes,  for  which  purpose  a  light  web  of  metal  (wire  mesh,  expanded 
metal,  etc)  is  placed  a  few  inches  back  from  the  face;  for  preventing  fracture 
due  to  unavoidable  sudden  changes  in  cross-section;  for  joining  walls  meet- 
ing at  an  angle  and  liable  to  settle  away  from  eaeh  other;  and  in  culverts, 
enabling  them  to  withstand  hor  tension  due  to  the  outward  preasure  of  the 
embankment.  For  this  purpose  old  chains  mav  be  used,  or  light  raila,  with 
bolts  driven  thru  the  bolt-holes,  to  increase  adhesion. 

5.  Safety.  Modern  reinfd  cone  buildings  are  practically  monolithic,  and 
therefore  more  rigid  than  skeleton  steel  construction. 

4.  On  the  other  hand,  in  the  steel  building,  the  details  are  more  aceurately 
worked  out,  and  the  work  is  usually  erected  by  skilled  men,  often  employed 
by  the  steel  mfrs;  so  that  there  is  but  little  chance  of  damage  to  the  material 
in  erection;  whereas,  in  reinfd  cono  work,  the  best  material  may  be  injunMi 
in  the  using,  and  the  work  thus  rendered  unsafe. 

ft.  Good  cone  protects  imbedded  steel  from  eorronion^  both  above  and 
below  fresh  or  sea  water  level;  but  water  may  penetrate  porous  cone  and 
corrode  the  metaJ.    Cono  laid  very  dry  is  apt  to  oe  porous. 

6.  The  steel,  used  in  reinfg  cone,  has  its  ult  stigth  usually  betw  50.000 
and  70,000  lbs  per  sq  inch,  and  its  elastic  limit  between  25,000  and  35.000 
lbs  per  sq  inch,  but  cold  working  may  raise  the  elastic  limit  to  40.000  ot 
SO.CiOO  lbs  per  sq  inch.  ' '  Deformed  "  bars  are  often  rolled  of  steel  with  much 
higher  elastic  limit  (50,(XX)  to  65,(X)0  lbs  per  sq  in  claimed)  for  the  sake  of 
economy  of  steel;  but  see  Bar  Reinforcement,  pp  1296,  etc.  As  in  rolled 
iron  and  steel  in  eeneral.  the  elastic  modulus  may  be  taken  as  averaging 
approximately  30,000,(X)0  lbs  per  sq  inch.     See  ^11. 

7.  C4>iierete«  In  general  the  necessity  of  working  the  cone  around  the 
reinfg  bars  requires  that  the  agg  for  the  cone  in  reinfd  work  shall  be  smaller 
than  would  be  permissible  in  un reinfd  mass  work;  and  the  vital  importance 
of  adhesion  requires  that  all  the  materials  for  the  cono  shall  be  of  the  best, 
and  the  mortar  not  too  lean  or  too  dry. 

ExiMtnsioii,  Contraction,  Etc 

8.  The  nhrlnkage  of  cone,  while  setting  in  ur,  produces  comp  stress 
in  the  reinfmt  and  tensile  stress  in  the  cone  itself.  Setting  under  water,  the 
expansion  of  the  cone  produces  the  opposite  effects. 

0.  The  linear  expansion  e€»elllelent,  a,  of  a  material,  is  that  fraction 
of  its  original  length  which  a  bar  of  it  gains  or  loses  for  each  degree  of  change 
in  its  temp.    Approximately:  Per  degree. 

Centigrade  Fahrenheit 

Insteel 10,000  a  -  0.117  0.006 

In  concrete 10.000  o  -  0.108  0.000* 

10.  The  large  number  of  reinfd  eonc  structures  which  have  been  expoeed. 
for  years,  to  wide  extremes  of  temp,  without  injury  thru  difference  in  ex- 
pansion, confirms  the  results  of  experiments,  quoted  above,  as  indicating 
that  the  difif,  betw  the  expansion  coefficients  of  the  two  materials,  is  negli- 
gible. 

Elastic  Modulus. 

11.  The  elastic  modulus.  Eg,  of  rolled  Iron  and  steel,  of  all 

kinds  (p  460.)  is  remarkably  uniform  and  constant,  ranging  ordinarily  betw 
27  and  31  (av,  say  30)  milhons  of  lbs  per  sq  inch  —  approx  1.9  to  2.2  (av, 
say  2.1)  millions  of  kgs  per  sq  cm. 

*  W    D.  Pence.  1:2:4  cone.  Jour  Westn  Soc  of  Engrs,  1901,  Vol.  6. 

f549.  10.000  a  -  0.055  Fahr,  results  nearly  uniform.     Columbia  Univ. 
:  3  :  6  cone.  10,000  a  -  about  0.065  Fahr.         .g^,,,,  ,^  L^OOg IC 


12.  Oq  the  oontrsry,  the  elastf e  modiiliui,  E^,  •f  concrete  variee 
widely,  not  onlv  as  betw  diff  mixtures  differently  manipuUted,  and  betw  diff 
speoimens  made  under  like  conditions  from  like  materials,  but  in  one  and 
the  same  specimen  under  diff  intensities  of  loading;  so  that,  in  stating  the 
results  of  expts.  it  is  usual  to  specify  the  range  of  unit  stress  within  which  the 
observations  were  made. 

18.  In  stene  concrete,  E^  ranges  from  1.5  to  4  (av,  say  3)  million 
lbs  per  sq  inch.  '^  0.1  to  0.28  (av,  say  0.21)  million  kgs  per  sq  em.  See 
Expt  81  a,  p  1172.  In  cinder  cone,  E^  is  ordinarily  from  20  to  50  % 
less  than  in  stone  cone.     See  If  30,  p  1274. 

14.  The  ratio,  n  (sometimes  called  r  and  12),  -  B^/B^,  hetw  the  elas- 
tic moduli  of  steel  and  of  cono  respectivelsr,  is  usually  taken  betw  10  and 
15  for  stone  cono,  with  higher  values  for  cinder  cone.  See  Specifications, 
Y  107,  p  1363.  Owing  to  the  variability  of  E^  (see  1  12),  it  cannot  be  a 
constant  quantity,  even  during  the  range  of  a  singile  experiment  carried 
from  aero  load  to  rupture. 

15.  The  ratio,  n,  is,  however,  of  constant  and  important  use  in  all  oal* 
eulations  respecting  the  mutual  behavior  of  oono  and  steel. 

!••  Consid^re's  experiments  (Elxpt  16  a,  p  1314)  seemed  to  show  that 
cone,  when  reinfd  (being  constrained,  bv  its  adhesion  to  the  steel,  to  share  in 
its  movemts),  actually  underwent,  without  fracture,  far  greater  eionca* 
tions  than  were  possible  in  unreinfd  cone;  but  later  expts  (36,  38. 81  e.  81/). 
in  which  the  cone  surfaoe  was  more  clesely  observed,  have  indicated  that 
the  supposed  elongation  of  the  cone  was  m  fact  due  to  the  formation  of 
eracks  which  had  before  escaped  observation.  If  the  adhesion,  betw  the 
cone  and  the  steel,  is  uniform,  the  cracking  must  be  evenly  distributed  over 
the  area  of  contact,  and  the  cracks  must  therefore  be  very  numerous  and  very 
fine,  probably  so  fine  as  not  to  endanger  the  materials  thru  the  percolation 
of  water. 

Adheelon.    See  1  58,  p  1204. 

17.  With  rich  and  wet  mixtaree,  such  as  are  used  in  reinfd  oon- 
■truction,  the  cem  adheres  very  closely  to  the  steel. 

18.  After  the  adhesion  proper  has  been  overeome,  the  removal  of  the 
steel  from  the  cone  is  still  opposed  by  friction  betw  the  two. 

19.  Upon  the  ability  of  this  adhesion  and  friction  to  resist  the  forces  tend- 
ing to  overeome  them,  depends  of  course  the  safety  of  the  structure. 

20.  Both  adhesion  and  friction,  and  particularly  the  friction,  are  greatly 
affected  by  the  character  of  the  cone  and  by  its  behavior  under  stress  and 
under  temp  changes,  by  the  method  of  testing,  etc. 

21.  In  direct  teets  for  adheiiion,  whether  the  steel  is  pulled  or 
pushed,  the  cone  is  always  under  comp,  which  causes  some  lateral  expan- 
sion of  the  cone,  and  therefore  increased  pressure  upon  the  reimfmt.  Hence, 
the  adhesion  may  be  found  higher  than  (other  things  equal)  in  beams,  where 
this  condition  does  not  obtain. 

23.  On  the  other  hand,  where  the  hor  reinf^  bars,  in  a  beam,  are  bent 
upward,  near  the  ends,  and  pass  up  into  the  region  of  compression  and  (as  is 
often  the  case)  to  a  point  over  the  support,  the  high  pressures  upon  the  bar, 
in  those  portions,  may  give  it  greater  adhesion,  as  a  whole,  than  could  be  the 
ease  with  a  straight  bar  under  direct  test. 

23.  With  great  lenirtlui  of  imbedment,  the  stretch,  in  the  steei, 
under  high  tensile  stresses,  may  be  such  as  to  contract  the  steel  laterally, 
su£SoientTy  to  reduce  adhesion.  Hence,  tests  where  the  steel  is  pu9h«d  into 
the  cone,  show  higher  adhesions. 

24.  Ultimate  adliesion.  In  general,  exi3ts  (see  Expts  64  a,b) 
give,  ss  the  ultimate  adhesion  of  good  cone  to  plain  round  rods,  from  200 
to  300  lbs  per  sq  inch  of  contact  surface.  With  smooth  round  rods,  in  a 
beam,  Kleinlooel  (Beton  und  Eisen,  1904,  pp  227  et  seq)  obtained  560  lbs 
per  sq  inch.  The  conditions  of  practice  generally  differ  greatly  from  thoae 
obtaining  in  the  laboratory. 

25.  Workinir  hond  streea.  In  beams  subject  to  shook,  about  50  lbs 
per  sqinch;  for  quiet  loading,  about  double  this  is  sometimes  allowed  See 
Specifications,  11  113-115. 
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BEIHFORCEB  CONCRETE  COI.IJM1I9. 

1.  A  eonerete  eolnmii  usually  has  longitudinal  steel  rods  embedded, 
near  the  ciroumferenoe,  thniout  its  length.  If  there  is  no  deflection,  and  no 
slip  between  the  concrete  and  the  steel,  the  two  matenals  must  shorten 
equally  under  load.  Hence  (p.  458,  Eq^  (3)  )  if  L  <->  original  length.  /  » 
change  of  length,  a,  and  a^  >-  cross  section  areas;  «^  and  a^  »  unit  atreases. 
Eg  and  E^  —  elastic  moduli,  of  steel  and  of  cono.  respeetively;  we  have 

.,  -  E,  l/Li  B^  -  E^  l/L; (1) 

and,  since  l/L  is  necessarily  the  same  for  both  materials, 

V'c  -  V-^c  -  ~'     ««  ■-  'c  *»: C2) 

and 

total  stress  in  steel  ~  ^»  •«  "  <*»  «c  •* (3) 

"     "    cone      .    "^c^e W 

"         "     "    column     ^P  ^a^Sg  +  a^B^-B^  (a^  +  a,  n}^(5) 

«c  "  'P/«c--o»'* W 

•c  -  ^/<«c  +  «»  ") (7) 

2.  Example.  A  square  cone  col  16  ins  X  16  ins,  12  ft  long  has.  em- 
bedded in  each  comer,  a  round  steel  rod  1  inch  diam;  cross  section  area  of 
each  rod  —  0.785  sq  inch.  Permissible  unit  oomp  stress,  b^  ,  on  concrete,  » 
500  lbs  per  sq  inch.   Required  the  load  which  may  be  carried  by  the  eol.    Here 

Area,  a,,  of  steel  «  4  X  0.785  ->  3.14  sq  ins; 
Area,  a^,  of  cono  -  16  X  16  —  3.14  -  253  sq  ins; 
Eg  »  30,000,000  lbs  per  sq  inch; 

E^  -    2,600,000  lbs ; 

n    -  Eg/E^  -  12; 

Total  stress  taken  by  cone   -  a^  i^  -  263  X  500  -  126,500  lbs 
•    steel   ^agSc^  "  3.14  X  500  X  12  -    18,840  lbs 

"        "         "       "   column 145,340  lbs 

S.  Here  the  steel  takes  100  X  18,840  +  145.340  -  about  13  %  of  the 
entire  load,  a  safe  proportion.  This  proportion  should  not  exceed  ^  %,  or. 
at  most  30  %. 

4.  A  convenient  role  is  to  count  each  sq  inch  of  steel,  in  cols,  as 
worth  n  sq  ins  of  concrete. 

5.  Conservative  designers  load  cono  ools  approximately  as  follows: 

lAixture 
Length  1;1.5;3         1:2:4        1:2.5;  5  1:3;  6 

diam  p  —  P/a  ->  Load,  in  lbs  per  sq  inch. 

<  12 600  600  350  350 

12  to  18 550  450  300  300 


tervals  not  exceeding  the  diam  of  the  col. 

7.  Specifications  usually  require  that  the  aggregrate  oross-eection  area 
of  comprefMlon  rods  shall  not  exceed  from  2  to  8  %  of  the  croas- 
■eotion  area  of  the  col. 

8.  In  buildings  of  say  three  or  four  stories,  the  rods  of  eaeh  aee- 
tlon  are  bent  In,  near  tlieir  (4»|>s,  to  form  a  cylinder,  18  or  20  ins 
high,  of  smaller  diam  than  the  main  cyl  below;  and  the  section  next  above 
fits  down  over  this  portion,  so  that  the  two  sections  overlap  the  length  of 
the  reduced  portion. 

9.  Owing  to  their  much  greater  croas-section  areas,  and  to  the  lower  unit 
stresses  in  their  materials,  reinfd  cono  cols  are  mueh  less  liable  to  failure  by 
deflection  than  are  steel  cols. 
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10.  For  altimate  loads  on  longttndtaaHy  relnforeed  eon- 
crete  eolnmiia  liable  to  deflection,  we  have  the  Raokine  formula: 

"  -   -f-  -   1   +mK' • «J 

where 

P  —  ult  total  load  on  col; 

a    —  cross  aeetion  area  of  ool; 

p   —  P/a  —  ult  unit  load  on  col; 

a    «  ult  comp  unit  strgth  of  cone  cubes; 

K  —  L/r  B  length/least  radius  of  gyration; 

Prof.  MOrsch  gives  m  >-  0.0001.    Eisenbetonbau,  '08,  p  73. 

Hooped  Colnnms. 

11.  Colnmns  reinforced  with  hoops  (or  spirals)  of  steel,  or  with 
web  reinforcement  bent  into  cylindrical  form,  show  high  ult  strgths  and  are 
largely  used;  but  they  undergo  considerable  deformation  before  the  strgth 
of  the  hoops  is  developed;  the  hoops  acting  much  like  a  steel  cylinder, 
filled  with  sand,  such  cylinders  being  unable  to  act  until  the  sand  is  com- 
pressed. 

12.  Expts  at  Watertown  (Tests  of  Metals,  1905)  show  that,  when  the  col 
is  subjected  to  loads  of  from  100  to  1000  lbs  per  sq  inch,  the  unit  lateral  de- 
formation is  less  than  one-fourth  the  unit  longitudinal  deformation.  Thus, 
if  the  col  shortened  0.0004  of  its  length,  its  diam  increased  less  than  0.0001  of 
its  original  dimension. 

IS.  From  tests  at  the  Unlv  of  Illinois  (Am  Soo  Testg  Matls,  Procs,  1907. 

£382)  Prof.  A.  N.  Talbot  derives  the  following  formulas  for  the  ult  strgths  of 
ooped  cylindrical  cone  cols,  1:2:4,  wet  mixture,  av  age,  60  days;  cols 
12  ins  diam,  10  ft  long.  Ck)vering,  over  the  hoops,  generally  <  ]i  inch. 
Hoops,  1  inch  wide,  gage  Nos  8, 12, 16,  electrically  welded,  spaced  generally 
2  ins  c.  to  c.     Let 

p       —  ult  stigth  of  col,  lbs  per  sq  inch; 
e        »  ratio  of  hooping  to  cone  core; 
ld(X)  —  comp  strgth  of  cone,  lbs  per  sq  inch. 
Then, 

For  mild  steel,      p  -   1600  +     65,000  c; (9) 

••  higher  "  p  -   1600  +   100,000  c (10) 

14.  Assuming  that  the  ult  unit  stress,  in  longitudinal  col  reinfmt,  is  25 
times  that  in  the  cono,  the  hooping  gave  additional  ult  strgth  from  2  to  4 
times  that  given  by  longitudinal  reinfmt. 

15.  M.  Consid^re's  expts  (G^nie  CHvil,  Nov  1902),  with  spirally  reinforced 
oonc  cols,  indicate  that  the  bars,  forming  the  hoops,  should  have  a  diam  of  is^- 
proximately  1/40  of  the  diam  of  the  col;  that  the  pitch  of  the  spirals  (dis- 
tance between  hoops)  should  be  from  H  to  Kthe  diam  of  the  col;  and 
that  the  steel,  in  the  hoops  or  spirals,  adds,  to  the  ult  resistance  of  the  ool, 
2.4  times  as  much  as  the  same  weight  of  metal  used  as  longitudinal  reinfg. 
He  gives  the  formula 

Ultimate  total  load  on  col  -  1.5  a^  c  -I-  s^  (a  +  2.4  A) (11) 

where 

a^  <—  cross  section  area  of  col  inside  of  spiral; 
e    >-  ult  comp  unit  strgth  of  plain  cone  in  short  blocks; 
9g  "  elastic  limit  of  steel; 

a    —  cross  section  area  of  exbting  longitudinal  reinfmt; 
A  ^      **  "         "     *'  longitudinal  reinfmt  of  equal  wt  with  the 

spiral. 
1.6  a^  is  taken  as  representing  the  area  of  the  entire  cone  cross  see. 


( 
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16.  In  a  eolamn  rooting,  the  stresses  are  analogous  to  those  in  a 
floor  slab  resting  upon  a  col;  but,  owing  to  the  lelativeiy  limited  spread  of 
the  footing,  the  moments  and  shears  are  heavy,  requiring  consaderable 
depth.  The  heaviest  streases  are  under  the  edges  of  the  ooi.  Hor  rods,  in 
the  footing,  are  anal(^us  to  rods  near  the  t<^  of  a  beam,  over  the  support; 
t.  e.,  they  take  negative  moms,  and  some  of  them  should  be  bent  upward, 
or  provided  with  stirrups,  just  beyond  the  edges  of  the  ooL 

17.  Figs  1  and  2  (T  &  M,  pp  261,  262).  Fig  1:  Two  series  of  main 
leinfg  rods,  a  a\  b  6^  cmssing  at  right  aoglfls  under  the  ool.  with  diag  rods. 


Q 


.^ 


(6) 


Flff  1.    Column  Footing. 


Q 


l^i  I  I  I  I  I  I  I  I  i  j  I  iJ-ti 


%S«%%5^?i%%?5^ /c^^:^ 
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d  d'  d  d\ 


Fi9  d.    Column  Footing. 

Side  wings  of  slab  tend  to 


u  »  .  u  u  .     Fig  2:  Combined  beam  and  slab.     ^^ 

bend  upward,  breaking  away  from  the  beam  at  C  and  C, 
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REIBTFORCED  COBTCRETE  BEAMS. 

1.  Coao  is  ordinarily  from  eight  to  ten  times  as  strong  in  oomp  as  in  ten- 
sion. Hence,  in  an  unreinforoed  cone  beam  of  rectangular  section,  under 
bending  stresses,  failure  occurs  on  the  tension  side. 

2.  The  ease  with  which  steel  can  be  embedded  in  cone,  the  practical 
equality  of  the  expansion  co^s  of  the  two  substances,  the  stroofc  adhesion 
between  cone  and  steel  and  the  practicability  of  supplementing  this  adhesion 
by  lu^  or  other  lateral  projections  from  the  surface  of  the  steel,  facilitate 
eombuiations  in  which  the  princip^  service  of  the  cone  is  to  resist  comp, 
while  that  of  the  steel  is  to  resist  tension. 

S.  The  method  of  manufaeture  of  eono  is  such  that  its  behavior,  in  a  given 
se,  is  less  certain  than  that  of  steel. 


Owing  to  this  and  to  uncertainty,  as  to  the  degree  of  adhesion  betw  cone 
and  steel,  on  which  their  united  action  depends,  the  theory  of  such  beams 
is  at  once  more  complicated  and  less  exact  than  that  of  steel  beams  of  eco- 
nomical sections.  In  the  design  of  reinfd  cono  beams,  proper  allowance  must 
be  made  for  this  fact,  and  extreme  reAnement  is  out  of  place. 

Ctoneral  Tlieory. 

4«  Simple  reinfd  cone  beam,  of  rectangular  section.  Fig.  1. 


*>T 


Tig  1.     Reinforoed  Concrete  Beam.     Theory. 
«1  mmBuwnpiAomm, 

1.  Croes  sections,  plane  before  flexure,  remain  plane  under  flexure. 

2.  Initial  stresses  (from  shrinkage,  etc)  are  neglected. 

3.  No  slipping  occurs  between  cone  and  steel.    Hence  they  deform  equally. 

4.  The  tensile  resbtance  of  the  cone  is  neglected. 

5.  The  elastic  moduli.  Eg  and  B^,  of  steel  and  of  cone  resi>ectively,  and 
hence  their  ratio,  n  —  E^/E^  remain  constant. 

5.  HoUUion.    Referring  to  Fig  1,  let: 

h      —  breadth  of  cross  section  of  beam,  perp  to  the  paper; 

d      —  dist  from  comp  side  of  beam  to  cen  of  grav  of  steel: 

W    —      **       **         "       *'     "       '*     **    neutral  axis; 

s      -■       "       •*         '*       *'     "       "     "    resultant  of  comp  forces; 
(l-Jfc)  d  *       "       "    cen  of  steel  to  neutral  axis; 
ii*  m,  jd  ^       "       **      "    "     '*      *'  resultant  of  oomp  forces 
*-  leverage  of  resisting  couple ; 

7       -  d'/d; 
Eg   —  elastic  modulus  of  steel;  E^  —  elastic  modulus  of  concrete; 

tg     ■-  unit  elongation  of  steel;  e^   *  unit  shortening  of  concrete;* 

fg     —  unit  tensile  stress  in  steel  t;     /c    "  unit  comp  stress  in  eoncrete;*t 


•  In  the  ouiermoat  fibers  on  the  compression  side  of  the  beam. 

t/,  and /^  are  the  orfuo/ unit  stresses.     See  H  13,  ^g^^^l^OOglC 
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a«   a  cross-section  area  of  steel ;  a*  ^hdmm  cron-section  area 

of   cone   above   cen    of 
steel; 
T    -a  sum  of  tensile  stresses  in  steel ;  C   «  sum  of  comp  stresses  In 

concrete ; 
n    ^  E»/Ec  — r  ratio  of  elastic  moduli  of  steel  and  cone; 
p    a  a»/ac    »  ratio  of  steel  area  to  that  portion  of  cone  area 
which  is  above  cen  of  steel  ;* 

Mi  sa  resistg  mom,  based  upon  the  max  allowable  ralne**  of  fs; 

Mc^  resistg  mom,  based  upon  the  max  allowable  Yalue**  of/*/ 
_  M  —  actval  reatatlmc  moment  «  e.  b  d*. 
For  yalues  of  o  (-  Jf/b^)  see  Flga  2  and  8,  pp.  1285,  1289. 

8tr«M«s,  MoHieBte,  Deslir** 

6.  Figs  1  and  2|  and  UK  7  to  20  illustrate  the  relations  existing 
between  tlie  important  fiictom.  A;, ;,  /^,  /^,  p,  M^  M^  and  M\  when 
neither  /^  nor  /^  exceeds  the  elastic  limit.  When  they  exceed  that  limit,  see 
111121.22,  p  129a 

7.  In  equilibrium,  the  bendingr  moment  of  the  load  (see  p  474)  is 
balanced  by  the  equal  resisting  moment  of  the  couple  composed  of 
the  two  equal  hor  forces,  T  and  C;  these  forces  being  the  resultants  respec- 
tively of  the  tensile  stresses  in  the  steel  and  of  the  compressive  streesest  in 
the  cone. 

8.  The  tensile  stresses,  /^ ,  in  the  steel,  are  assumed  to  be  uniformly 
distributed  over  its  entire  cross  section,  a^;  and  their  resultant,  7*,  is  there- 
fore taken  as  acting  at  the  grav  cen  of  the  steel  area;  but  the  eonapra- 
sive  stresses*  in  the  cone,  iu  any  cross  sec,  decrease  uniformly^  from  s 
max,  /^ ,  at  the  upper  surf  of  the  beam,  to  sero,  at  the  neutral  axis.  Their 
resultant,  C,  is  therefore  applied  at  a  point  distant  hd/Z  below  the  top  of 
the  beam,  kd  being  the  distance  from  top  of  beam  to  neutral  axis,  and  d  the 
distance  from  top  of  beam  to  grav  cen  ox  steel. 

9.  Talne  of  ^J.**  Tlie  ioTOr  arm,  d%  of  tiie  reaiatlnir 
eonple  is  therefore 

d*  -  jd  '•d  —  kd/Z  -  d  (1  —  */3) ~ (1) 

and  we  have 

y  -  i'/d  -  1  _  k/Z (2) 

For  approx  values  of  /,  see  H  12. 

10.  Talne  of  ^Ik."    From  assumption  1,  H  4  we  have 

V«,  -  */(l  —  A) v (3) 

From  assumption  5,  we  have 

fc  -'c^e-        f.-  U *»- «) 

Hence 

fc       \  ^c  k        ^  ^  k 

7,  "   «,^,  "  1  —  *  •  £,       n  (1  —  *) ^*'^ 

For  equilibrium,  C  —  7*;  but 

C  '^  f  bkd/2  ''e^Ecbk  d/2 ~ — (5) 

and      r  -  /,  a,  -  /,  p  6  d  -  e,  ^,  p  6  rf« — (6) 

Heuce,  *  -  2  p    *  -'  -  2  p  n       .       ; 

or :  

iK  -   >/(p  n)«  +  2pn  —  pn (7) 


♦See  llf  15,  16.  p  1286.  .    ♦♦See  113.  p  1»& 

T  Below  the  neutral  axis,  the  cone  is  in  tonsiVm,  but  its  tensile  stress  ii 

neglected.     See  assumption  4,  H  4.  p  1283.  J  See  15  21.  22. 

I  Figs  2  and  3  are  by  Prof  A.  W.  fYenoh,  A  S  C  £.  Tiaas,  Vol  fiC,  *0^ 

pp  362,  etc. 
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SeaUoflOOp 

Fitf  %•     For  Working  Stresses.    (For  ultimate  stresses,  see  Fig  3.) 
k   -   >/  (pn)2  +  2pn  — pn,        J  -  d' /  <i. 
f^  »  unit  stress  in  steel,  f^  —  unit  stress  in  cone  at  top  of  beam. 
P    —  f^J^Q  ""  ratio  of  steel  area  to  cone  area, 
V^ ,  M^  —  resistg  mom,  based   upon    allowed  value  of  /gt/gt  resp, 
M  —  resistg  mom,  actual. 


bd* 


-/,P(1-^) 


2*<l-3)- 


A  -  EJE^  .  Solid  enrves  represent  n  -  10;  dotted  onrres,  if  15 

Steel  lines  plotted  for  n  -  10;  approx  for  n  -  15.    yLjOOglC 
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-  10, 

p  -  0.010: 

p  -  0.016: 

-   16. 

p  -  0.010: 

p  -  0.016: 

11.  Henoe  the  poflitioii  of  the  Beatna  aads  (gtvwk  by  h)  d»> 
inda  -aolely  upon  the  ratio,  «,  of  ateel  area  to  oooe  area,  and  Ujpon  th* 
tio,  n,  of  elacticity  betw  steel  and  eono.   For  approz  values  of  k,  aee  ^  12. 

12.  Approxtmate  Talaes  of  j  and  k.    See  Fig  2. 
when  and  we  have  and 

y  -  0.88;        k  -  0.36; 
i  -  0.86;         k  -  0.42; 
/  »  0.86;         ib  -  0.42; 
/  -  0.84;         k  -  0.4S. 
IS.  When,  as  in  reinfd  oono,  two  widely  diff  materials  are  uaed  In  eon- 
Junction,  it  usually  happens  that,  owing  to  the  impracticability  of  always 
fciving,  to  each,  its  ideal   croes-eeo  area,  one  or   tke  omer  is   un- 
avoidably and  uneconomically  salijeeted  to  letm  Chan  tte  nanaci- 
mnm  allowable  strew.    Thus,  with  a  given  value  of  p  —  ^»/®c* 
if  we  load  the  beam  until  either  /^  or  /^  reaches  its  max  allowable  limit,  the 
other  (/^  or  fg  respectively)  will  usuaUy  remain  below  its  max  aQowable 
limit.    See  K  19/.    Let  F,,  and  F^  «>  respectively  the  max  allowaMe 
Talnes  of  f^  and  f^. 

14 .  Momenta.     For  resistg  moms,  based  upon  the  max  aUovaUe  vahies, 
Fg  and  F^ ,  of  /^  and  /^  respectively,  we  have: 

Mg''  Td'  "  Fga,jd  '^  F^pibd* <8) 

M^  -  Cd'  -  Cjd  -  Fcbkdjd/2  -  F^*/6dV2- (9) 

For  miaal  Taiaee,  we  may   take   (see  1  12):  /  -  ^;    k    -   H. 
k  i  "  }i.    Hence,  approx, 

ai,-  7F,a,d/8; 
M^-  F^6dV6. 
But  the  aetnai  resletiny  mom.  H^  of  the  see,  in  any  given  case, 
can  of  course  have  hut  one  value;  and  this  is  the  Ims  of  the  two  valuea, 
Mf  and  M^ .    Since  ;  6  d  *  is  common  to  both  these  values,  M  is  determined 
by  whether  Fg  p  or  F^  k/2  is  the  greater. 

10.  Relation  between  1^,  f^ and  p.    Since C  -  T,orf^hkd/2 
■•  /,  p  6  d,  we  have: 

From  £q  (4a)  we  have: 


Henoe  A  » 


fg       n  —  n  k' 
"4       . 


) 


Van  ally,  p  ranres  from  0.010  to  0.015.  It  is  seldotn  <  O.006  or 
>  0.020. 

16.  Note  that  /, ,  /^  and  p  cannot  be  arbitrarily  selected.  Given  any  two 
of  them,  the  third  depends  upon  the  two  so  given. 

17.  Value  of  M/Ik1>.  Let  Fg  and  F^  be  the  tnax  aOowahU  valuea  ol 
the  unit  stresses,  fg  and  /^ ,  in  steel  and  in  cone  respectively.  Than,  from 
eqs  (8)  and  (9).  If  14,  we  have  (Fig  2.  lower  portion): 

Af,/6d«-F,p/  -  F,p(l— ik/3); 

(nearly  straight  lines,  for  steel)............ .......«».(12) 

M^fbd*  '^  F^k i/2  -  F^ *  (1  —  */3)/2; 

(curved  lines,  for  cone)  .^......^^^.»^^^^^ «. (13) 
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The  dotted  and  solid  eonred  lines,  for  oono,  represent  n  —  16  and  n  'm  lO, 
reepeotively.  The  nearly  straight  lines,  for  steel,  are  plotted  for  »  ^^  10, 
but  are  sumoiently  approx  also  lor  n  «  15. 

18.  The  upper  portion  of  Wig  2  gives  Tala««  of 

r        -  ,^x       ^    ,  fc-  l/2pn  +  (pn)»  — pn. 

(see  H  10)  and  of 

J   -   1  —  fc/3   -  d'/d, 
eorresponding  to  given  values  of  p,  for  n   —   10  and  n  *   15.     Note  that ;' 
varies  but  slightly  with  p. 

Examples. 

I.    InTestlgratlon. 

Beqalr«€l  Uie  reslsttngr  momento^  Af ^ ,  M^  and  M. 

19a.  GlTen   a    reetangralar    retnfd    cone    beam:    b  —  8'; 

d  -  20*;  o^  -  M  -  8  X  20  -  160  sq  ina;  n  -  E,/E^  -  16.  Let  F, 
—  16,000.  and  F^  -  600  lbs  per  sq  inch,  be  the  max  aUowabU  values  of  the 
iimt  stresses,  /^  and  /^ ,  in  steel  and  in  oonc  respectively;  and  let  P  be  the 
value  of  p  based  upon  these  max  allowable  stresses 

Then  F,/F^  -  32;  ^  +  1  -  3.133;  and,  from  Eq  (11),  If  16.  we 
have: 

as  given  by  the  intersection,  in  Fig  2,  of  radial  line,  for  /,  —  ld,(X)0,  with 
dotted  curve  for/^  -  600. 

19  b.  (Case  1)  Rein  forced  with   two   round  rods,  fi'  diam; 

a^    -  2  .  IT  0.375^  -  0.884  sq  ins; 

p   -  a^/a^  -  0.884/160  -  0.005625  >  P; 

pr»  -  15  X  0.0066  -  0.0826; 

k      —  i/(pn)2  +  2  pn  —  pn 

-  /  0.0825*  +  0.1660  —  0.0826   -  0.3322; 
rf'     -  d  /  -  d  (1  —  A»/8)   -  20  (I  —  0.1107)   -  20  X  0.89  -  17.8 ins; 
C     -  F^bkd/2  -  600  X  8  X  0.3322  X  10  -   13,288  lbs; 
M^"  Cd'     -  13,288  X  17.8  -  236,526  inch-lbs; 
T     ^  F^ag  -^  16,000  X  0.884   -   14,144  lbs; 

14,144  X  17.8  -  261,763  inch-lbs; 
236,626     *'     "    . 

Notice  that  where,  as  in  this  case  and  in  Case  2,  P  <  |»,  the  mom. 
Bf  ^  9  based  upon  the  max  allowable  stress,  F^  in  the  oonc,  is  the  actual 
mom.  M.     Where  P  >  p,      91,  is  the  actual  mom. 

19  e.  Bj-  Flir  2.  The  intersection  of  the  vert  line,  on  100  p  -  0.66, 
with  radial  line  fcr/^  -•  16,000  lbs  per  sq  inch,  gives  M/hd^  »  78.7;  and 
Mg  »  78.7  &d*  -  7».7  X  8  X  20*  »  251,840  inch-lbs;  but  the  intersection 
of  vert  line  on  100  p  «-  0.65,  with  dotted  curve  (n  -  15)  for  /^  -  500  lbs 
per  84  inch, gives  Af^/M*  -  74;  and  Af  -  M^  -  74  W«  -  74  X  8  X  20» 
*  236,800  inoh4ba 


< 
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19  d.  (Cmm  8)  ll«iiifl»ro«d  with  S  round  rods,  1'  dlam; 

Og    —  3  V  0.6'  —  2.356  sq  ins; 

p     -  ag/a^  -  2.356/160  -  0.01473  >  P; 

im  "  15  X  0.01473  -  0.2200; 

k      —  l/  ipny^  +  2pn  —  pn 

-  l/0.22»  +  0.44  —  0.22  -  0.48; 

<r     -  dy  -  d  (1  —  Jfc/3)   -  20  (1  —  0.16)  -  20  X  0A4    -  10.8; 

C     -  F^&Jkd/2  -  500  X  8  X  0.48  X  10  -  10,200  lbs; 

M^'^Cd'    -  19.200  X  16.8     -  322.560  inch-lbs; 

T     ^  F^a^  "  16.000  X  2.356   -  37,696  lb«; 

M^  »  Td'      -  37.696  X  16.8     -  633.293  inch-lbs; 

JIf    -  Af ^      -  322.560     ••      " . 

19  e.  By  Fte  S.  The  ihteraection  of  the  rert  line  on  100  p  —  1.473. 
with  radial  line  for  /^  —  16.000  Iba  per  sq  inch,  would  giyie  (on  a  suffidently 
•ocurate diagram)  Aff/bd 3  -  198;  and  Af ,  -  1986d>  -  198  X  8  X  20>  - 
033,600  inch-lbe;  but  the  intersection  of  vert  line  on  100  p  •"  1.473.  with 
dotted  curve  (n  ^  15)  for  /^  »■  500  lbs  per  sq  inch,  gives  MJh  d  *  «  101 ; 
and  Jlf  -  Af^  -  101  b  d>  <-  101  X  8  X  20>  -  323.200  inch4bs. 

19  r.  It  will  be  noticed  that,  in  these  caaes,  wax  Inereoiie  of  166.5  %• 
in  the  amt  of  steel,  has  inereaoed  the  resisting  Hioin  (which  stOl 
depends  upon  the  cone)  by  leas  titan  S8  %¥  and  the  steel,  in  Case  2.  is 
streased  to  only  about  8.000  lbs  per  sq  inch  or  half  the  max  aUowable  straaa 
(intersection  o?  vert  for  100  p  —  1.473.  with  dotted  curve  for  /^  —  600,  is 
neariy  intersected  by  radial  line  for  /^  -  8,000).    See  1  13. 

19  y.  In  both  eases.  (1)  and  (2).  the  intersection  of  radial  line  for  /^  « 
Ff  —  16,000.  with  dotted  curve  for  /^  -i  F^  —  600.  would  give  (on  a  suffi* 
ciently  accurate  diagram)  p  -  F  -  0.004987;  Mfhd^  -  71.6.  and  M  — 
71.5  bd  3  "  228,800  mch-lbs.  the  actual  mom.  for  the  given  6  and  d.  in  the 
Ideal  case  where  /^  and  /^  -  respecdvely  F^  and  F^  «  16.000  and  500. 

II.   Deolyn. 
90  a.   ConTersoljr,   clTen   the   bendlnv   moment,    230.500 
inch-lbs;  F,  -  16.000;  F^  «-  500  lbs  per  sq  inch;  whence  F  -  0.004987, 
as  before.    Required  b  and  d. 

Let  K  and  /  —  the  values  of  k  and  of  i  respectively,  oorreq>ondins  to 
/, -F,     and/^-F^. 

Here  we  have 
Fn  -  15  X  0.004987  -  0.075; 

K    -  /  (Fn)2  -^2Pn^Pn 

-  V  0.076*  +  0.160  —  0.075   -  0.3193; 
/     -  1  —  K/3   -  1  --0.1064  -  0.8936; 

_Af_  2Af  2  X  236,600  ^  „,- 

*^  F^PJ       F^KJ       500X0.3193X0.8963       *'**^ 

90  b.  An  Inllnlte  number  of  seetlon   areas,  hd^  giving  the 
lame  resisting  moment,  M,  may  be  found  from  bd*. 
90  e.    Thus,  in  the  example  of  t  30  a,  with  hd*  '^  3315,  we  may  have 
h  d^  d 

6  662  23.6 

8  414  20.3 

10  831  18.2  eie,etQ. 
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Flff  S.    For  Ultimate  Streases.     (For  allowable  Btresses,  see  Fig  2.) 
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2-Pn)«  +  3pn-|pn.       J  -  d'/d, 
f,  —  unit  stresB  in  steel,  f^  '^  unit  streas  in  oonc  at  top  of  beam, 
p   —  ^J^c  ""  i^^<>  ^^  steel  area  to  cone  area, 
K,  9  H^  —  resists  mom,  based  upon  max  allowed  value  of  fg ,  f^  resp, 
M  —  resistg  mom,  actual. 

^.-/."(l-f*)     or     f/c*(>-|*). 
n  —  E^Eg  .  Solid  enrres  represent  n  —  10;  dotteU  enrres,  n  —  15. 
Steel  lines  for  n  —   10;  approx  for  n  —  15.    E^  ■-  tm'lioZ  E  for  oono 
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20  d.  It  can  be  shown  (T  A  M,  pp  17&-6)  that,  with  gjirea  Af  ,  givwi  unit 
Btreases,  and  g^ven  unit  prices,  the  coat  of  a  reinfd  cone  beam,  per  unitol 
len^h,  Tari«s  inversely  as  d.  directly  as  V^  d,  and  directly  as  f^  h/d. 
Hence,  for  a  given  bd,  the  deeper  the  beam,  the  less  is  the  cost;  but  practical 
oonfflderations  (such  as  practical  limits  to  reduction  of  6,  requirements  as 
to  head  room,  etc)  often  Umit  the  extent  to  which  tiiis  economy  can  be  oanied 
in  practice. 

21.  Wfttlilii  the  Umit  of  allow»blo  working  strcMcs,  Fig  2, 
the  stresses  and  deformations,  in  the  several  fibers,  are  taken  (aasumption  1. 
^  4)  as  proportional  to  the  dists  of  the  fibers  from  the  neutral  axia,  as  repre- 
sented by  the  shaded  triangle  in  the  small  figure  above  the  diagnama  (said 
triangle  representing  approx  the  lower  portion  of  the  para.bolic  area  abown 
in  Fig  3);  and  we  have,  £q  (7),  1  10, 

k   -   \^  (pn)»  +  2  pn  —  pn. 

22.  For  stresses  exeeedtng^  the  allowable  worlur  stresses, 

up  to  the  ult,  F1^  3,  assumption  1  is  inadmissible,  we  must  employ  the  entire 
parab<^c  area,  its  vertex  oorresponding  with  the  ult  comp  strgth  <^  the 
cone;  and  we  nave 

k   -   l/(3p«/2)2  +  3pn  — 3pn/2 ^ ~(14) 

Fi|r  S  gives  values  of  ;,  k  and  MJh  d  >,  for  ult  values  of  /^  and  /^. 

2ft.  Note  that,  for  steel  stresses,  /^ ,  not  exceeding  the  usual  elaatie  Umit, 
and  with  /^  ultimate  <  2000  lbs  per  sq  inch,  the  ult  resistg  mom  in- 
creases directly  with  the  amoniit  of  reiaftnt  until  thia  reaches 
2  %  or  over.  Thus,  Fig  3,  with  /,  «  30,000  lbs  per  sq  inch,  /^  ult  <  2000, 
and  p  "  0  to  2  %,  we  have  Mihd^  -  approx  25,000  p. 
Tee  Sections. 

24.  Tee  secUons.  Fiff  4.  fr  -  flange  width;  V  -«  stem  width;  f  - 
flange  thickness;  d  ->  depth  from  top  of  flange  to  ttta.  of  steel;  k  d  " 
depth  of  neut  axis;  df  «  ;  d  >-  leverage  of  T  and  C 


-U- 


ill 


-»-  IJ. — 


H^f^-f 
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Fiy  4.    Reinforced  Tee  Section.    Theory. 

25.  When  the  tops  of  rectangular  beams  are  connected  by  slabs,  the 
whole  being  placed  at  one  time  and  properly  bonded,  all  or  a  part  oi  the 
slab  may  be  considered  as  a  compression  HanyOy  in  some  respects 
similar  to  those,  composed  of  angles  and  plates,  of  steel  plate  girders. 

26.  The  width  of  slab,  6,  Fig  4,  which  sets  as  flange,  is  sometimes 
taken  as  the  distance  between  beams,  but  should  not  exceed  %  of  the  spaa 
of  the  beams.     See  Specifications,  \\  108-170. 

27.  Exact  analysis  of  such  a  section  is  hardly  possible,  but  it  is  believed 
that  the  following  method  is  reasonable  and  safe. 

28.  Determine  the  ratio,  p  —  ^g/€ic  *  ^  "^^  '^'^^  tooono  ares,  as  tho  the 
beam  were  rectangular,  with  depth  «  d,  and  width  —  the  nange  width,  b. 
With  this  value  of  p,  determine  the  position  of  the  neutral  axia.  if  this 
falls  within  the  slab  or  just  at  its  lower  side,  the  resisting  moment  ia  found 
exactly  as  with  any  rectangular  section.     See  Case  1, 110. 

29.  If  the  neutral  axis  fhlls  below  the  bottom  of  the  slab,  the 
position  of  the  neutral  axis  will  not  be  exactly  given  by  the  equation  for 
rectangular  beams;  but  the  difference  will  not  be  irapoitanU 

30.  The  resisting^  moment  is  Cd*  or  Td\  whiobevar^s  tbe  lasa 

L/igitized  byVJOOv  > 


REINFOBCBD  BEAMS.  1291 

SI.  ExAmpIes. 

(1)  Ifeiitrml  axis  within  tiie  »iab. 

Let  6    —  60 ins;  1/   »■  Sins;  d  '^  20 ins;  t  »  Sins;  max  allow- 
i^ble  unit  stresses,  F^  -  600,  F,  -   16.000  lbs  per  sq  io;  E^  - 
3,000,000;  E^  -  30.000,000;  n  -  10.    Let  there  be  3  round  steel 
rods,  diam  -■  1  inch. 
Then 

3  X  0.785       ^  „^ 

^  -  6oir^  -  ^'^' 


Jb  —  l/  {jm^  +  2  p  n  —  p  n 

-  v/"C10X"a002)!»  +  2  X  10  X  0.002  —  10  X  0.002   -  0.18; 
kd  '^  0.18  X  20  -  3.6  ins; 
C  -  F^  6  ib  d/2  -  600  X  60  X  0.18  X  20/2   -  64,000  lbs; 
r  -  3  X  0.785  Pg    -  say  37.650  lbs. 

Using  the  smaller  value  (that  for  the  steel)  we  have : 
M^Td'^Tdd^d  */3)   -  37.650  (20  —  3.6/3)  -  707.000  inch-lbs. 
(2)  Neatral  axis  below  Uie  slab. 

Let  &  -  60  ins;  b^  -  10  ins;  d  -  30  ins;  «  -  4  ins;  F^.  F,,  E^, 
Eg  and  n  as  in  Example  (1);  6  round  steel  rods,  diam  *  1  inch.     Then 

P  -  ^A^>?'iy  -  0.0026,  and  *   -  0.2;  *  d  -  0.2  X  30  -  6. 
oU  X  oU 

S2.  Since  the  oomp  unit  stress,  in  the  outer  fibers  of  cone,  is  assumed  to 
be  F^  ■"  500  lbs  per  sq  inch,  the  stress,  at  the  lower  side  of  the  slab,  is  500 
ikd--  t)/k  d  -  500  X  2/6  -  167;  and  the  average  streM,  in  tbe 
■lab,  Mi59_±iSZ  -  333  lbs  per  eq  in. 

SS.  The  2  inches  of  stem,  which  lie  between  the  neutral  axis  and  the 
lower  ade  of  the  slab,  exert  some  comp  resistance,  but  this  is  neglected, 
with  a  small  error  on  the  safe  side. 

54.  The  position  of  the  eenter  of  ir^'avity  of  the  compressive 
forces  in  the  slab  may  be  found  as  for  a  trapesoid;  but  it  is  usual,  safe,  and 
sufficiently  approximate,  to  assume  that  it  is  at  the  cen  of  the  slab,  or,  in 
this  example,  at  a  distance  of  d  — 1/2  »-  30  —  2  *  ^  ins  above  the  cen  of 
the  steel.  The  mom  of  these  forces  is  then  Af^  -  333  X  60  X  4  X  28  - 
2,238,000  inch-lbs;  but  the  moment  of  the  tensile  resistance  of  the  steel  is 
only  Af  ^  «-  6  X  0.785  X  16,000  X  28  -  2,110.000  inch-lbs;  and  this  mom. 
being  the  leas  of  the  two,  is  to  be  taken  as  the  actual  mom,  Af  . 

Shear. 

55.  Shfsar.  In  addition  to  the  hor  stresses,  resisted  by  compression  in 
the  cone  and  by  tension  in  the  longitudinal  steel  reinfmt.  the  vertical  shear- 
ing stresses  require  attention  in  relatively  deep  beams  under  heavy  loads. 

86.  For  the  total  shear,  T,  in  any  vert  section,  distant  x  from 
a  support,  we  have : 

V   -  R^W (15) 

where       R    »   upward  reaction  at  the  support; 

W  «-  the  total  of  any  loads  in  the  distance,  X. 
S7.  The  vert  shear  is  sometimes  provided  for  by  using  a  large  safety 
factor  with  the  ult  shearing  strgth  of  cone,  which  is  usually  taken  at  from 
500  to  800  lbs  per  sq  inch,  while  the  world  ng  shearing  stress  is  often 
restricted  to  from  30  to  50  lbs  per  sq  inch.    But  see  Stirrups,  H^  38,  etc. 


( 
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Sliear  Relnforeement.    Stlmips. 

S8.  Sliear  Relnforeemeiit.  Where  the  loading  produces  a  eheax^ 
ing  stress  exceeding  the  limit  assumed  for  plain  cone,  thebeam  is*  often  reinfd 
by  vert  stlrraps,  which  consist  of  rods,  bent  into  the  shape  of  a  letter  U, 
and  passing  under  the  hor  bars  and  up  to  near  the  top  of  the  beam;  or,  in 
the  case  of  Tee  beams  (Fig  4).  into  the  slab. 

89.  Ttae  distance  between  stlrrnps  is  sometimee  made  such  that, 
within  a  hor  length  «  (f,  there  shall  be  an  aggregate  sectional  area  of  vert 
steel  bars  sufficient  to  carry  the  vert  shear  by  means  of  the  permissible  unit 
tension  in  the  steel. 

40.  Example. 

Consider  the  T  beam  of  example  (1)  1 31,  Pig  4;  ^  —  8  ins;  ft  —  60  ins; 
d  -  20  ins;  A;  -  a.lS;  d'  ^  20  —  k  d/3  «  20  —  1.2  -  18.8;  safe  mom  ot 
resistce,  M  -  707,000  inch-lbs.  Let  span  L  -=  20  ft  =  240  ins.  Then,  foi 
a  uniform  load,  we  have  FT  -  8  M/L  =  8  X  707,000/240  -  23,600  lbs. 

Shear  at  ends  -   IF/2  -  11 300  lbs. 

With  safe  unit  shearing  stress  »  50  Ibe  per  aq  inch,  we  have  safe  shear 
resistance  of  plain  cone  in  section  ^SOt/d'^SOXSX  18.8  «  7,500  lbs 

Under  uniform  load,  this  shear  occurs  at  a  dist,  from  the  ends, 
(11300— 7.500)  L        ,„-. 
2  X  11300 ^-^  "• 

From  this  point  to  the  oenter  of  the  span,  the  cone  is  able  to  care  for  the 
shear,  and  no  stirrups  are  there  reqd.     But  see  Kll  41,  45. 

Between  this  point  and  each  support,  let  the  stirmps  be  of  f^  inch  round 
steel;  aggregate  cross  section  area  of  the  two  limbs  of  each  stirrup  —  QJ22 
sq  inch. 

Allowing  16,000  lbs  per  eq  in,  one  stirrup  will  sustain  16,000  X  0.22  — 
3,520  lbs. 

The  total  shear,  11300  lbs,  at  the  support,  divided  by  3520,  givea  3.3 
as  the  niunber  of  stlrraps  required,  in  183  ins  of  length  of  beam: 

or  the  spaeUiirf  next 'to  the  ends,  should  be    ^^     —  5.5  ins. 

Let  the  load,  W,  -  23,600  lbs,  be  uniformly  distributed.    Then,  at  a 

point  3  ft  fhim  the  end,  V  -  ^^  ^  ^  X  11300  -  8280  lbs;  8260/3520  - 

2.35;  and  stlrmp  spaeln^  -  183/2.35  »  8  ins. 

41.  The  spaclngr  may  be  made  to. vary  nnlfornilj'  betw  these  limits: 
and  it  would  be  weU  for  the  vert  reihft  to  extend  beyond  the  theoretical 
stopping  point  (3.6  ft  from  end;  see  1  40),  by  one  or  two  stirrups  spaced  a 
foot  apart.    See  1  45. 

4S.  Let 

A  —  aggregate  vert  cross  sec  area  of  hor  rods,  eq  ins; 
L  ■«  sp&^i  ft; 

z    —  (fist  from  end  of  beam  to  stirrup,  ft; 

S  —  aggregate  cross  aeotion  area  regd  In  tiie  9  llntlM  of  tke 
•tlrrnp,  sq  ins. 

Then,  when  the  sUrrups  are  1  ft  ^part, 

^  -  *-r  (^-'-^) <»> 

(J.  W.  Schaub,  E  N,  '03/Apr/16,  p  348.) 

4S.  In  general,  spacing  betw  stirrups  >  d'. 

44.  The  cone,  in  each  sec,  has  to  act  as  a  conneeting  medium  between 
the  hor  and  the  vert  reinft.  It  is  also  subjected  to  oomp  forces,  in  transfer- 
ring the  shear  from  one  stirrup  to  the  next.  The  action  here  is  ecxapiex, 
and  an  ample  flafetjr  Daetor  •taonid  be  nsed. 

40.  In  order  to  provide  against  excessive  loadings,  which  may  oom« 
temporarily  upon  the  beams  during  construction,  it  is  advisable  to  use 
stirrups,  even  where  not  actually  required  by  the  shearing  stresses  deter- 
mined theoretically  as  above  for  the  completed  structurs  in  use.  Ths 
stirrups  being  light,  the  cost  of  using  them  is  principally  for  labor;  ao  that 
tf  any  are  reqd,  it  is  well  to  be  liberal  with  them.    Bee  f  41. 
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46.  IJnIt  fttaear,  t.  Id  any  hor  section  of  a  beam,  Fig  5,  under  unifonn 
or  central  loading,  the  hor  tensile  or  comp  streesee  increase  from  the  ends, 
where  they  are  zero,  toward  the  middle  of  the  beam,  where  they  are  a  max. 
Hence,  of  any  two  vert  plane  sees,  1  and  2,  the  section,  2,  nearer  the  cen  of 
the  beam,  will  have  the  greater  hor  stresses,  «. 


Fiv  5.    Unit  Shear. 

47.  Consider  the  forces  acting  upon  the  rectangular  body,  B,  between  the 
two  sections,  1  and  2. 

48.  At  the  left  section.  1,  the  vert  shear,  V,  coming  from  the  left  support, 
pushes  B  upward;  and  the  tension,  T,  of  the  steel  pulls  B  horisontally  toward 
the  left;  while  the  total  comp,  C,  acting  at  the  cen  of  the  comp  forces,  pushes 
B  toward  the  right. 

49.  At  the  right  see,  2,  the  vert  shear,  V,  pushes  B  downward;  while  7* 
and  C  are  in  line  with  T  and  C  respectively,  but  opposite  to  them.  Note 
that  r  >  r,  and  C  >  C.     Let  T'  —  T  ->  t. 

00.  Let  thera  be  no  load  on  B.  Then  V  «  V,*  Since  the  vert 
forces  are  distant  by  x,  their  moment  ■-  Vx  —  K'jt.*  The  mom  of  T'  —  T 
iaiT—T)d'  -^  td'.    Hence,  for  eqaUlbrlnm, 

Vx  -  t<^;       or  t  -  Vz/d'^ (17) 

51.  In  a  reinfd  cone  beam,  Fig  5,  we  neglect  the  tensile  strgth  of  the  cone. 
Hence,  the  diff.  7^  —  7*  —  t,  of  tension,  between  sees  2  and  1,  must  be  trans- 
mitted, from  tne  steel  to  the  neut  axis,  by  a  total  shear,  ■■  t,  uniform*  in 
each  hor  sec;  and,  sinoe  the  hor  sec  of  the  body,  B,iab  x,  we  have,  for  the 
milt  shear: 

»  -  t/bx^Vx/d'bx^  V/bd'  -  V'/bd'* (18) 

]>la§roiial  Stresses. 

52.  As  a  matter  of  fact,  the  longitudinal  tensile  stresses  and  the  vert  and 
hor  shearing  stresses,  combine  to  form,  and  are  replaced  by,  dlaiponal 
stresses;  and  reinfmt,  against  shear,  is  more  rationally  designed  by  deter- 
mining, as  nearly  as  may  be,  the  directions  and  intensities  of  these  resultant 
diagonal  stresses  (See  1  53),  and  so  placing  the  reinfmt  as  best  to  resist  them. 

5S.  From  "Maximum  Unit  Strssses  in  Beams."  p  404  e,  we  have,  in 
homogeneous  beams,  for  the  angrl®*  A,  betw  the  neutral  axis  and  the 
reeultant  normal  (tensile  and  comp)  or  "principal"  stresses,  fp ,  at  any  point: 

tan  2  A   -  2  v/s; (19) 

and,  for  the  max  stress, 

*P  -  «/2  +  /  («/2)2  +  »»; V (20) 

where  v  »  the  unit  vert  or  hor  shear,  and  a  *  the  unit  hor  tensile  or  comp 
stress,  at  the  given  point. 

•  If  there  Is  a  load,  L,  upon  B  (as,  for  instance,  in  the  case  of  uniform 
loading)  we  have  V  >  V,  and  V  —  V  *  L;  and  there  are  two  couples  of 
vert  forces,  with  moms,  respectively:  Vx  and  ( V  —  F)  at',  where  «'  —  dist 
from  sec  1  to  gravity  center  of  L  Here  we  have,  for  sec  1.  i/  "  V'/b  d'\ 
and.  for  sec  2.    v  —  V/bd'*  Digitized  by  vjOOQIC 
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04.  Bat,  neirl««tlii|r    tlie  tensile   stnrtli  of  tlie   eonc.  «« 

have,  in  beams  with  tension  ratnfmt  of  straight  Dan,  and  for  potnta  betw 
the  neutral  axis  and  the  steel,  «  «  0;  whenee : 

tan  2  A  ^   oo;        2  A   --  9(f ;        A   -  46«: 

*p  -   /«»  -  t»  -   Vn>^ (21) 

55.  Hence,  betw  the  neut  axis  and  the  steel,  we  should  provide  acainst 
tensile  unit  atreaiieaySp  <-  y/&  d',  acting  in  parallel  cQrectioosform- 
ing  angles  of  45^  with  the  neut  axis. 

06.  Other  things  being  equal,  this  provision  is  preferably  made  by  means 
of  rods,  plaeea  like  the  dlair  tension  members  of  a  Pratt 
bridge  truss,  Figs  76,  86,  96.  p  693,  and  forming  angles  of  45*"  with  the  hor. 

07.  Very  commonly,  the  tension  rods,  at  each  end,  in  a  hor  dist  about 
equal  the  depth  of  the  beam,  are  bent  upward  to  form  an  angle  of  45^  or 
thereabouts  with  the  axis  of  the  beams. 

Adhesion.    See  p  1279. 

08.  Unit  or  adhesion.    Let 

X  >-  a  given  portion  of  the  length  of  the  beam; 

A   ^  V  —  7*  B  the  increase,  in  total  tension,  T,  in  the  steel,  in  the  Igth, «; 

V  *  the  total  vert  shear  in  the  croos  section; 

d'  *  the  dist  betw  T  and  the  oen  of  comp  of  the  oooc; 

U  ■"  t/x  *  the  bond  stress,  per  unit  of  x\ 

m  >-  the  number  of  rods; 

a  —  the  circumference  of  one  rod 

—  the  circumferential  contact  area  of  one  rod,  per  unit  of  x; 
u   —  U/m  a  «  the  bond  stress,  per  unit  ol  a. 

Then  (seen  60).  «d'  -  V  x\  t  -  V  x/d'\  U  "ifx^m  V  x/df  z  -  F/<r:  and 
u  -   U/ma  -  Vld'ma^ « (22) 

59.  For  given  values  of  the  bond  stress.  <7,  per  unit  of  length,  and  of  the 
bond  stress,  «,  per  unit  of  ciroumferentiaJ  contact  area,  the  product,  01  a 
»  (/  /u  (  —  total  circumferential  area  per  unit  of  length)  in  a  given  ease, 
is  constant;  but  the  cross  sec  area,  weight  and  cost  of  the  rods  increase 
as  the  square  of  a.  Hence,  for  a  given  total  adhesion,  numerous  snsnll 
rods  are  more  eeonomieal  than  fewer  larger  rods;  but  there  ■■»  of 
course,  for  each  case,  a  practical  limit  to  this  economy. 

Contlnnons  heams. 

60.  Floor  systems  are  usually  composed  of  slabs  and  beams  continuous 
over  supports;  and,  if  the  negative  bending  moments  over  the  suppoits 
(producing  ienaion  at  txyp  of  beam)  are  amply  provided  for,  by  reinfmt  near 
the  top,  and  if  the  supports  are  unyielding,  or  exactly  equal  in  their  yi^ing. 
advantage  is  usually  taken  of  the  reduction  in  ths  positive  hendir^  moms 
(at  and  near  cen  of  span)  due  to  continuity. 

61.  Where  floor  slabs  are  laid  continuously  over  the  supporting  beams, 
it  is  usual  to  assume  WL/10  >■  vL^/lO  as  the  max  bendinig  mom,  where 
L  o  span;  W  — >  total  load  on  span;  w  —  W/L  —  load  per  unit  of  L. 
Beams,  continuous  over  the  supports,  mav  have  a  like  value  used  in  design* 
if  the  beams  are  amply  reinfd  at  top  and  over  the  supports. 

62.  On  the  seore  of  safety,  it  is  frequently  specified  that  beans, 
slabs,  etc,  shall  be  regarded  as  non-eontinuous  over  supports,  this  practice 
requiring  us  to  provide,  at  cen  of  span,  against  greater  (positive)  beodg 
moms  than  if  the  beam  were  continuous  over  supports;  but,  on  the  other 
hand,  few  if  any  beams  are  wholly  non-continuous;  i  e.  even  where  the 
beam  is  suppoeed  to  be  non-continuous,  there  are  nesative  bendg  moms 
over  the  supports,  due  to  the  width  of  the  support  and  to  the  presenee  of 
loading  upon  the  beam  over  the  support.  Such  moms  require  roLnfrnt  at 
top,  over  and  near  supports. 

6a.  Henoe,  while  it  is  advisable,  in  the  case  of  non-eontinuoos  beams,  to 
calculate^  the  positive  center  bendg  room  upon  the  assumption  of  absolute 
non-continuity,  the  condition  of  even  non-continuous  beams,  over  thwr 
supports,  should  be  carefully  investigated,  and  provision  made  for  any 
negative  moms  there  found.  *     rx^^nii:> 
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mt.    Th©  neeenity,  under  certain  eondi- 

tione,  (^  reinfg  against  negative,  as  well  as  against  positive  moments  (K  62) 
gives  rise  to  cases  (Fig  6)  where  reinfmt  appears  near  both  top  and  bottom 
of  the  section.  For  brevity,  that  on  the  side  which,  under  positive  mom^ 
ifl  under  compression,  will  be  called  "compression  reinft/' 


FliT  ^*    Double  Reinforcement. 
•O.  In  addition  to  the  symbols  of  U  5,  p  1283,  let 
a^  ■"  cross  section  area  of  comp  reinft; 

Tpt  <-  ^H^c  ""  ^i^^  ^  "  ^^^  "^^^  ^^'  comp  reinft; 
//   —  unit  stress  in  comp  reinft; 
C   -  total  stress  "     "         "     ; 

d"  —  dist  from  '*        "    to  nearest  face  of  beam; 

s     *    '*      *'  comp  resultant,  C  +  C,  to  nearest  face  of  beam. 
•••  Then,  (neglecting  the  slight  diminution  of  a^  by  the  presence  of  a^') 
for  poaitloB  of  neutral  axis: 

*  -  >/  2n(p  +  p'dVd)  +  n^{p  +  p'^—n(p  +  j/); (24) 

Yor  position  of  compreaalon  resultant  t 
Jfc»d/3  +  2p'nd''  {k'-d^ld) . 

*"  ifc»-f2p'n(*  —  d"/d)       ^^* 

ror  arm  of  resisting  couple  x 

id  -  d  — «; (26) 

for  fiber  stresses: 

/ 6M*/5j^ 

'«        3**  —  ifc»  +  6p'n  {k  —  d^/d)  (1  —  d'Vd) ^  ^ 

/,  -    M/pjbd»      -       nf^(l  —  k)/k (28) 

/a'  -    »/«  ik—d''/d)/k (29) 

METHODS  OF  REIHFORCEHE^rT. 

1.  The  eommonljr  aeeepted  theory  of  reinfd  cone  beams  re- 
quires lonf^tudinal  tension  reinfmt  near  the  bottom*  of  the  beam,  and  diag 
tension  reinfmt  at  46**,  not  onlv  betw  the  hor  reinfmt  and  the  neutral  axis, 
but  extending  upward  into  the  region  of  compression,  in  order  to  take 
advantage  of  the  superior  adhesion  due  to  the  compression  there.  It  also 
requires,  usually,  tension  reinfmt  near  the  top,*  at  points  over  or  near  the 
supports. 

See  It  60,  etc,  p  1294. 

*The  terms  "bottom"  and  "top"  are  here  used  as  referring  to  a  beam 
supported  at  the  ends,  and  loaded  on  top,  where  the  major  portion  of  the 
bottom  is  in  tension.    In  a  cantilever,  of  course,  this  is  reversei^Q  Ic 
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i  pye  a  greater  adhesion  area. 
1  Urger  bars  (^  59,  p  1294); 
r  area  of  codc.     Besides,  with 


2.  Numerous  trusfied  systems  (p  1801)  have  been  desisted,  in  order 
to  meet  this  requirement,  and  these  are  in  extensive  use  where  the  depthi 
of  the  beams  are  sufficient  to  admit  them  and  where  the  loading  is  sucn  as 
to  require  them. 

S.  Freciuently,  vertical  stlrraps  are  substituted  for  the  dias  members, 
or  used  in  conjunction  with  them;  or  the  trussing  is  efTected  oy  simply 
bending  some  or  all  of  the  hor  bottom*  bars  upward,  usually  at  45^  or  there- 
abouts. 

4.  Under  llylit  loadlitiTf  the  truss  feature  is  often  omitted,  and  the 
reinfmt  consists  simply  of  longitudinal  bars  near  the  bottom*  of  tne  beam. 

5.  Where  the  beam  is  both  shallow  and  broad,  as  in  floor  Blal»s,  the 
few  longitudinal  bars,  used  in  the  beam,  are  replaced  (1)  bv  numerous  and 
comparatively  slender  rods,  supplemented  by  similar  or  lighter  rods,  cross- 
ing them  at  right  angles  and  welded  or  wired  to  them  at  their  intersections; 
or  (2)  by  webbing,  such  as  wire  cloth  or  "expanded  metal." 

See  11  34,  etc. 

Bar  Relnroreemeiit. 

6.  For  a  given  wt  of  metal,  small  bars  i 
and  therefore  a  greater  total  adhesion,  than! 

and  the  stresses  are  distributed  over  a  larger  area  of  cone.  Besides,  with 
small  bars,  a  larger  proportion  of  the  metal  can  be  brought  down  to  the  min 
allowable  dist  from  the  bottom*  of  the  beam.  Within  certain  limits,  small 
bars  are  more  conveniently  handled  than  larger  bars.  The  bars  luied  are 
seldom  <  H  inch  or  >  2  ins  diam,  and  they  usually  range  betw  H  and  1  ^i 
inch.  In  deep  girders,  two  or  more  rows  of  small  bara  are  ususily  prefer- 
able to  one  row  of  laiger  bars. 

7.  In  vert  reinfmt,  before  completion,  the  free  ends  of  tlie  rofli 
project  from  the  already  imbedded  mass  of  the  work,  and  accidental  blows, 
upon  these  exposed  ends  of  the  rods,  may  be  transmitted  to  the  portions 
already  imbeclded  in  cone,  affecting  the  adhesion  there.  In  this  respect 
also,  Light  rods  are  preferable,  since  they  are  less  capable  of  transmitting  the 
effects  of  such  blows. 

8.  Hlgrli-carboii  steel  rods,  with  their  high  elastic  limits,  permit 
the  use  ofsmaller  sections  for  a  given  number  of  rods  and  given  total  stress: 
but  they  are  more  brittle  (when  of  inferior  quality)  than  softer  rods,  and 
are  not  readily  bent  cold,  to  desired  shapes.  The  smallness  of  the  sections 
commonly  used,  and  the  protection  afforded  by  the  cone,  render  brittleness 
less  objectionable  in  reinld  cone  work  than  in  most  other  work  where  steel 
is  employed. 

9.  Since  the  elastic  modulus,  of  rolled  steel  and  iron,  is  nearly  the  same 
(say  30,000,000  Ibs/sq  inch)  for  all  grades,  these  all  stretch  about  equally, 
per  unit  of  length,  under  equal  unit  stresses;   but  steel  wltli  Bisrn 
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•lastle  limit,  by  pennitting  the  use  of  smaller  secticns  and  therefort 
higher  unit  streases,  renders  eioncation  more  probable,  ^/«^  the  accom- 
panying cracking  of  the  oonc,  and  lateral  contraction  of  ibe  steel,  which 
endang^em  the  adhesion.  On  this  account,  it  is  sometimes  specified 
that,  where  the  elastic  limit  exceeds  a  certain  min  (say  40,000  Ibs/sq  inch) 
deformed  bars,  fH  15  etc,  shall  be  used.  At  30,000  Ibs/sq  inch,  steel  stretches 
about  0.10  per  cent;  at  50.000  Ibs/sq  inch,  about  0.17  per  cent. 

Gold  working  raises,  the  ultimate  strength  and  the  elastic  limit,  but 
slightly  lowers  the  elastic  modulus;  see  Fig  1,  representing  tests  at  Water- 
town  Arsenal  (Tests  of  Metals,  1904.  p  397]  on  plain  and  cold-twisted  steel 
bars,  H  inch  square.  Gaged  lengths,  10  mches.  The  twisted  bar  had  1 
twist  in  8  inches.  Similar  results  were  shown  in  tests  made  at  Watertown 
Arsenal,  July  12,  1902,  and  published  by  Ransome  Concrete  Ck),    See  H  21. 

Square  bars,  of  inferior  steel,  are  twisted  hot,  and  are  more  brittle. 

10.  Plain  round  steel  bars  are  very  generally  used  for  reinforce* 
ment  in  America,  and  still  more  generally  in  Europe.  Square  bars  also 
are  used,  but  are  less  conveniently  handled.  Flat  bars  have  been  found 
deficient  in  adhesion. 

11.  In  order  to  Increase  tiie  resistance  of  plain  bars  to 
being  pulled  thru  the  cone,  they  are  frequently  bent  up  at  right  angles  (ot 
bent  over  at  180^  so  as  to  form  a  hook)  at  their  ends. 

13.  "Anchorage,  fumisht  by  short  bends  at  a  right  angle,  is  lees  effective 
than  hooks  consisting  of  turns  at  180**."     J.  €• 

is.  For  the  same  purpose,  (H  11),  the  ban  may  be  threaded  at  their  ends, 
and  provided  with  steel  anchor  plates,  secured  by  nuts.  Such  plates 
should  be  large  enough  and  thick  enoui^h  to  withstand  puUs  due  to  the  full 
tensUe  strength  of  the  rods.     In  deeigmng  such  plates,  JProf.  L.  J.  Johnson 


assumes  a  crushing  stigth,  in  the  cone,  of  900  Ibe/sq  inch,  and  a  fiber  stress, 
in  the  anchor  plate,  or25,000  Ibe/sq  inch.  Several  rods,  side  by  side,  pass 
thru  a  common  large  plate  at  each  end,  which  serves,  also,  to  hold  the  rods 
in  their  relative  positions  while  the  cone  is  being  placed.  Nuts,  on  the 
inside,  holding  the  anchor  plate  to  a  firm  bearing  against  the  outside  nuts, 
are  an  important  provision.  Room,  for  such  plates,  is  usually  found  in  a 
wall  or  column,  or  over  a  knee-bracket,  etc.  Otherwise,  in  order  to  give 
room  for  the  anchor  plate,  the  beam  may  be  deepened  locally,  or  the  rods 
bent  up,  near  their  ends.  When  bent  up,  the  rod  exerts  an  upwd  pres  upon 
the  cone,  near  the  bend.  This  increases  the  friction,  in  the  bent  portion, 
and  thus  reduces  the  pull  transmitted  to  the  anchor  plate. 

14.  "Adequate  bond  stigth,  thruout  the  length  of  a  bar,  is  preferable  to 
end  anchorage."    J.  C. 

10.  Also  for  the  purpose  of  increasing  adhesion  (or  rather  to  substitute, 
for  it,  a  "mechancial  bond'')  ''deformed  bars,'*  of  various  shapes  are 
used. 

16.  The  principal  claim,  in  favor  of  deformed  bars,  is  that  the 
"mechanical  bond, ''^  which  they  ofiFer,  is  the  sole  reliance  of  the  reinfmt, 
after  its  adhesion  proper  has  been  destroyed,  as  by  a  stress  exceeding  the 
adhesion,  by  infiltration  of  water,  by  concussion  either  during  or  after  con- 
struction, or  by  constant  and  rapid  alternations  or  reversals  of  loading,  in 
service.  Vert  rods  especially,  during  construction,  are  liable  to  accidental 
blows  upon  their  projecting  upper  ends;  and  such  blows  may  affect  the  ad- 
hesion of  the  portions  already  imbedded  in  cone. 

17.  On  tbe  other  band,  it  is  pointed  out  that  innumerable  struc- 
tures, with  plain  bars,  have  satisfactorily  withstood,  for  years,  service 
involving  such  vibration;  and  it  is  claimed  that  whatever  advantage  arises 
from  deformation  is  more  than  offset  by  the  slight  increase  of  cost.  Plain 
bars  are  of  course  free  from  patent  claims,  and  they  are  at  all  times  readily 
obtainable  in  the  general  metal  market. 

18.  The  projections,  on  the  surfs  of  some  deformed  bars,  may  injure  the 
eonc  covering  unless  this  is  of  considerable  thickness. 

19.  In  studying  comparative  tests  of  plain  and  deformed  bars,  attention 
should  be  given  to  the  richness  of  the  cone  mixture.  Unless  this  is  suffi- 
ciently rich  to  insure  the  complete  covering:  of  eacb  bar  with  cem 
over  its  entire  surf,  the  adhesion  proper  will  not  be  fairly  developed,  and  the 
polling  test  will  exhibit  chiefly  tne  diff  in  "mechanical  bond,"  m  which,  of 
eourse,  the  deformed  bars  are  superior.  Digitized  by  LjOOQIC 


1298 


GOVCSETB. 


80.  "Defonned  ban  off«r  a  soitoble  ommis  for  sapplsrinc  hitfk 
instance."    J.C 
The  following  deformed  rods,  FIci  2,  aire  in  more  or  koB  ceoeral  me: 


(a)  JiaiMome 
cold-twUted 
square 

(5)  CoM- 
<tt9  ftar 


(|y)gapem<fgrl 

Fty  S.    Deformed  Rod*. 

•1.  BMMome.    (a)  Square  ateel  rods,  twirtad  odd.    Twiated  either  at 
null,  or  (conveniently  and  inexpensively)  on  the  woik.  y^OOgie 
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5I2.  C?old«twlst«d  In^bar.  (b)  Square  bar.  with  angjefl  rounded,  to 
prevent  the  starting  of  cracks  in  the  cone,  twisted  cold.  The  luga  are  de- 
signed to  resist  any  tendency  of  the  bar  to  untwist  under  tenaion.  Tor  e£Fect 
of  cold  working,  see  ^  9,  p  1297. 

28.  Thaeh«r.  (c)  Round  rods,  deformed  by  flattening  at  short  intervals. 
Cross  sec  area  practically  constant.  Changes  in  shape  made  by  means  of 
gradual  curves. 

84.  CorrwigHte^  bam;  (d)  ordinarily  of  steel  with  yield  point  60,000 
Ibe/sq  inch  or  over.    Square,  round  and  flat. 

29.  Cap  bars,  (e). 

26.  Diamond  bar.  (/)  Roiled  round,  with  two  spiral  projecting  ribs 
of  equal  pitch  and  in  opp  directions  (dividing  the  surface  into  four  rows  of 
diamond-shaped  recesses)  and  two  oi>p  longitudinal  ribs,  at  the  points 
where  the  upper  and  lower  rolls  meet  in  manufacture.  Croes-section  Mea 
and  weight  -i  those  of  plain  square  bars  of  like  denomination.  Claims: 
uniform  cross  section  area,  uniform  elongation,  uniform  distribution  of 
bond;  projecting  ribs  aid  in  resisting  tenaion;  edges  rounded;  no  tendency 
to  untwist  under  tension. 

27.  Slaireimeyer  bar.  (g)  Square,  with  rounded  comers  and  pro- 
jections. 

28.  Prlddl«  Intemal-bond  Bar.  (k)  Flat  bar,  perforated  and 
twisted,  and  the  slit  flanged,  as  shown.  Small  sizes  worked  cold;  larger 
sixes,  hot,  A  web  may  be  formed  by  paasing  smaller  bars,  of  same  or  other 
pattern,  thru  the  slits. 

22.  Tbe  monoUtli  bar  consists  of  a  hor  tension  member  with 
separate  diag  links.  In  section,  the  hor  member  resembles  a  heavy  rail 
with  two  heads  instead  of  head  and  flange.  Each  link  is  a  bar  of  round 
steel,  bent  over  at  top  and  thus  forming  two  parallel  diag  legs,  which,  at 
bottom,  are  bent  hor,  and  their  hor  portions,  one  on  each  side  of  the  hor 
member,  are  gripped  between  its  heads,  which  are  swedged  in,  at  those 
p<nnts,  for  the  purpose. 

Supports. 

SO.  It  is  of  course  of  the  first  importance  that  the  longitudinal  reln- 
forclny  bars  be  placed  and  kept  in  their  proper  positions.  ,  If, 

as  finally  located,  they  are  too  high,  their  resisting  leverage,  d',  and  the  resistg 
moment  of  the  beam,  are  diminished.  If  they  are  too  low,  they  have  an 
insufficient  protective  depth  of  cone  below  them.  Various  devices  are  in 
use  for  holding  the  iMtfs  in  position. 

81.  Stirrvps,  Fig  3,  act  as  hangers  for  the  main  rods. 


^^^ 


Tig  9. 
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Fiir*. 

Supports  for  Reinforcing  Bars. 


Fiire. 


QTU] 


Fly  5. 


82.  tight  rods  are  sometimes  held  by  wire  sapfiorts.  Fig  4,  or  by 
cone  bloeks,  about  1.2  or  2  ins  thick.  Fig  5. 

88.  Heavier  rods  may  be  supported  by  elamps.  Fig  6,  made  of  pieoes  of 
Ji"  or  I''  channel  iron,  held  together  by  round-headed  stove  bolts,  ?a* 
or  J^  diam,  placed  in  tne  forms,  and  6  or  8  ft  apartoigitized  by  LjOOQ  IC 
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OONGBSTR. 


«W«b**  Retnfoi 

54.  Web  rainftoreeDiMit  »  used  in  broad  and  ahallow-  alabfl,  in  thin  walk 
In  aewoTB  and  oonduita,  in  ooIumDS,  etc 

55.  The  simplest  f onn  eonsists  of  i-odft,  pla««d  at  rlirit^  Mi^cs, 

and  wired  or  welded  together  at  their  inteneetione.  The  heavier  <»>  main 
rods  are  of  course  so  placed  as  to  take  the  /greater  stresses.  The  traasvene 
rods  hold  the  main  rods  in  position  dunn|[  eonstruotion,  and  afterward 
distribute  th^  tension  across  the  intervenins  cone.  They  thus  offer  a 
mechanical  bond.  The  mesh  must  be  larige  enough  to  paas  the  particles  oi 
the  Sigg  used  in  making  the  cone. 

56.  Jean  Monler^  of  Paris*  used  such  webbing  in  the  reinf oreement  of 
arches. 

87.  ExiMknded  metal.    Fig  7.    Sheet  steel,  slitted  and  opened  oal 
into  diamond-shaped  panels.     In  sheets,  12  to  72  ins  wide,  8  to  12  ft  long: 
'i  from  34^  to  0^;  metal.  Stubs  gage,  Ne.  18  to  No.  4. 


nff7.    EzpandMlMetaL 

S8.  When  slab  reinforcement  is  fumisht  in  short  \ , 

overlap  sufficiently  to  transmit  the  tension  from  one  sheet  to  the  next. 
The  lappmg  uses  about  10  %  of  the  area  of  the  metaL 

Sll.  Clinton  wire  lath,  in  rolls  of  100  or  200  ft  or  more,  of  drawn 
steel  wires,  croesing  at  right  angles,  2H  inch  mesh,  eleetrieally  welded  and 
reinfd  by  longitudinal  retnfg  wan>  strands,  6  ins  apart,  and  made  up  each  of 
two  wires  cross-looped  ana  twisted  over  each  crossing  strand;  and,  when 
desired,  by  transverse  V-shaped  sUffeners  of  No.  24  ^age  steel,  fastened  to 
the  wires  at  intervals  of  about  8  ins.  Fumisht  plam,  japanned  or  g»lvd, 
in  36  inch  width. 

40.  Clinton  welded  wire;  No  3  to  No.  10  drawn  steel  wire,  plaia 
or  galvd;  mesh.  8X8,      2  X  12,     8  X  12,    4  X  12  ins. 


FI98.    Rib  Metal. 

41.  Rib  metal*  Fig  8:  escpanded  from  specisOy  voOed  steel  plates, 
fibbed  longitudinally.  Mesn  varying,  by  fdngie  inebes,  from  2  to  8  iBa 
flhaets  up  to  16  ft  long.  jgitized  by L^OOg IC 
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Fi9  9.     Rib-Lath. 

TnuMed  Relnforeemeiit. 

43.  In  general,  trussed  reinforcement  is  sliKhtly  more  expensive  than 
plain  har  rednfmt;  and,  if  shipped  in  ricpd  built-up  units,  it  incurs  higher 
freight  charges  and  is  more  liable  to  damage  en  route;  but  it  has  the  great 
advantaf^  of  holding  the  bars  in  position  while  the  cone  is  being  placed,  and 
of  obviating  the  omission  or  misplacement  of  stirrups,  etc,  either  by  accident 
or  by  design.  The  trusses  may  be  made  up  of  either  plain  or  deformed  bars. 
They  shoi3d  be  provided  with  means  for  connecting  them,  over  the  supports. 

44.  In  the  Kahn  tmiMied  bar,  Hg  10,  the  projecting  side  fins  are 
slit  away,  in  places,  from  the  central  portion,  and  bent  up,  as  shown.  The 
same  bar,  inverted,  is  used  over  the  supports. 


Cross  sec  at  cen.  Wig  10.    Kahn  Bar. 

45.  Fig  11  shows  the  collapsible  Economy  Unit  firame. 


Plfr  11.     "  Economy  "  Collapsible  Trusa 

Relnforeemeiit  wltb  Stmctnral  Shapes. 

46.  Tbe  Melan  system,  invented  by  Joseph  Melan,  of  Austria- 
Hungary,  in  1802,  and  patented  in  the  United  States  in  1893,  comprises  a 
concrete  arch  in  which  iron  or  steel  beams  are  embedded.  For  small  spans, 
the  beams  are  usually  rolled  I-beams;  while,  for  spans  of  considerable 
length,  they  usually  consist  of  four  angles  latticed. 

47.  Where  a  structural  shape,  of  considerable  size,  is  imbedded  in  cone. 
to  form  a  beam,  so  that  the  steel  predominates  and  furnishes  most  of 
tbe  stzgth  reqd,  the  cone  acts  ehiefijr  as  a  proteetlnc  cover 
for  the  steel;  and  the  case  is  hardly  one  of  reinfmt  properly  so  called. 
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48.  It  is  dUBcnlt  to  secare  perfect  filUag,  wiih  cone,  of  the 

3:>ace9  under  the  flanges  of  rolled  or  Duilt-up  shapes.     In  such  cases,  each 
ay's  work  should  be  stopped  either  well  above  or  well  below  the  flange. 
Otnervise,  shrinkage,  under  the  flanges,  will  aggravate  the  difficulty. 

Colnmii  Relnforeement. 

49.  Ck>]umns  are  reinfd  by  means  of  vertle»l  rods,  placed  near  the 
circumf  and  usuaJily  wired  together  at  intervals,  or  by  dreiuDfereBttal 
(hooped  or  spiral)  wmpptng^,  or  both. 

See  Reinfd  oonc  cols,  pp  1280,  etc. 

50.  In  tall  buildings,  the  column  rods  are  often  fineed  at  tlie  ends 
to  give  good  bearing,  and  connected  by  loose  sleeves,  which  keep  the  ends 
in  proper  contact;  and  an  iron  or  steel  plate  is  placed  under  the  feet  of  the 
rods  in  the  footing,  to  distribute  the  load  more  evenly  over  the  cone  of  the 
foundation. 

51.  In  Mr.  C.  A.  P.  Turner's  mashroom  s^tem  of  columns  and 
floors,  the  cols  are  splayed,  at  top,  to  increase  their  bearing  area,  and  the 
floor  reinfmt  consists  essentiality  of  straight  members  (hor  or  nearly  so) 
radiating  from  the  cols,  and  jomed,  at  intervals,  by  circular  or  polygonal 
members,  which  cross  the  radial  members  generally  at  ris^t  angles.  Beams 
and  ribs  are  dispensed  with,  and  the  floor  is  of  uniloiT^  thickness.  See  E  N, 
'09,  Feb  18,  p  178. 
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EXPERIMENT  AWI>  PRACTICE. 
Directory  of  Selected  Results,  pp  1308,  etc. 

Words  in  bold-lkee  type,  preceding  a  eemioolon,  refer  to  oim  of  two 
related  matters ;  words  in  plain  type,  following  the  semioolon,  to  the  other 
one.     Numerals  and  letters  refer  to  the  records  of  experiment,  etc. 

Example.  Under  SAKO  (.below),  **Sancl,  character;  density  of 
Aiortar,  8«,  e,  9d,  86c  "  refers  to  Experiments  Se,  etc,  which  cdye  iotforma- 
tion  respecting  the  effect  of  a)  character  of  sand  upon  (2)  dcDSity  of 
mortar.  Conversely,  on  p  1304,  we  find  **  Mortar,  densltjr  ftr — ; 
character  of  sand,  8c,  e,  9d,  86c." 


CEMENT. 


Cement, 
etiaracter  of — ; 

water  reqd,  61  a 
Portland  A  natural — ; 

water  reqd.  4  d 

strgth,  14  a,  19  a 

abrasion.  4  g 

permeability,  65  a 

electroljTsis,  75  a 
■llica  — ;  oil,  53  d 
typical  mix;  86/ 
a^e  of  — ;  soundness,  29  a 

SAITD. 
Sand, 

finenem  of — ; 

density  of  sand,  2  a,  8  A,  8  it 
8* 

water  reqd,  61  a 

density    of   mortar,    8  c,    9  d, 
79  « 

strgth  of  mortar,  4  «,  8  a,  52  b, 
79  c 

permeability  of  mortar,  8  d,  9  e 

lime  reqd  for  waterproofg.  82  b 

sea  water,  8  g 
nnlformlty  coefHclent;  5  a 
grradlng^  or — ; 

mortar,  8  e.  86  e 
iihape  of  ff rains: 

density  ofTsand,  8  t,  8  {»  94  a 
density  of — : 

fineness,  2  a,  8  /,  8  A; 

uniformity  coeti,  5  o 

shape  of  grains,  8  t,  94  a 

compacting,  2  a,  8  A,  8  t,  8  A;, 
45  a 

character,  8  I 

mica,  87  a 

moisture,  2  a,  8  A,  8  /,  45  a 

mortar,  86  c,  d 
TOlds; 

spheres  of  uniform  diam,45  b 


flnencMi  of — ; 

soundness,  29  o 

strgth  of  mortar,  4  / 

water  reqd,  4  d 
quantity  reqd ;  agf    19  b,  d 
quantity  used; 

strgth  ot  mortar,  8  a 

elastic  modulus,  70.5 
exposure ;  39  a,  6 
sufftaric  acid  in  — i    e  a 
chemical  action  9    ^  2d  a, 

^1  c 


com|>actinir; 

density  of  sand,  2  tf    I  A,  8  i. 
8  ;k,  45  a 

fineness  of  sand,  8  r 
moisture  in  — ; 

density  of  sand,  2  a    I  A,  8  / 

water  reqd,  61  a 
Character ; 

density  of  sand,  8  { 

density  of  mortar,  8  r  *,  9  d,  86  c 

strgth,  19  c.  39 17,  50/   52  a,  62  a 

ab^rption.  62  a 
impurities  in  — ;    9  c,  52  a 
clay  A  loam  in  -  ', 

strgth,  4  a.  34  a,  39  f .  50  b,  52  a, 
b,  56  a^  80  a 

permeability,  4  a 

absorption,  56  b 
mica  in  — ;  79  a,  97  a 
friction  of'—;  89  a 
percentaf^e  of — ; 

electrolyms,  91  a 

abrasion,  4  g 
ftasing^  point ;  89  b 
vs  screening  ;  79  a-/ 

density.  79  c 

permeability,  79  A,  j 

absorption,  55  a 
vs  crushed  llntestone;  50  a 


<] 


ACCIDESTTAIi 
Clay  In  cement;  4  a 
Clay  A  loam; 

strgth  of  mortar,  4  a,  34  a,  39  (7, 

50  b,  52  a,  b,  56  a,  80  a 
absorption,  56  a 
plasticity  of  paste,  4  a 
density  of  paste,  4  a 
permeability,  4  a 
mortar  for  plastering,  4  a 
io  cone  for  columns,  92  a 


HfOREDIEBTTS. 
Clay  A  alum; 

permeability,  80  a 
Mica ;  73  a,  87  a 
Sulfuric  add :  6  a,  49  a 
Kalt:  4  c,  19  a.  31  o 
Oypsum;  61  a 
Oypsnm  A  lime;  51  c 
Calcium  chloride;  51  a,  & 
Ume;  80  a.  82  d  ^^. 

Ijime  A  ffypsum;  M^t 
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OOKCBETE. 


Bireetorj-  to  Kzpertm«nte,  pp  130S-1351. 


Water,  mlxinip  — , 
salt  In  — ;  4  c.  19  a«  31  a 
eTaporation  of — ;  9a 
quantity  reqd; 

nat  &  Fort  oem,  4  d 


Biortar, 
neat  A  sand  — ;  86  » 
consistency  of  — ; 

finene:s8  of  oem,  4td 

cinder,  83  a 

rate  of  setting,  4  d 

volume  of  cone,  21  a 

density,  61  a 

strength,  39  e,  61  a,  83  a, 

elastic  modulus,  61  6,  81  a 

permeability,  33  a,  47  c.  /,  61  a 

laitance,  61  a;  fire,  46  e 

preferable  — ,  61  e 

sea  WKtcTt  8  o 
rlcliness  of—; 

volume  of  cone,  21  a 

density.  8  c,  9  a 

permeability,  Sd,9e 

sea  water,  8  g 
density  of — ; 

percentage  of  voids,  9  b 

character  of  sand,  8  c,  s.  9  d,  86  c 

richness,  8  c,  9  d 

clay,  4  a 

entrained  air,  evaporation,  9  a 
streng^th  of — ; 

fineness  of  oem,  4  / 

proportion  of  eem,  8  a 

exposure  of  oem,  39  a,  39  b 

character  of  sand,  4  e,  8  a,  86  d 

clay,  4  a,  34  a,  39  0, 50  &.  52  a,  b. 
56  a.  80  a 

salt,  4  c 

sulfuric  acid,  6  a 

consistency,  39  e 

hand  and  machine  mixing,  39  c 

treatment  of  briquet,  39  a 
permeability  of — ; 

character  of  sand,  8  d,  e,  9  « 

richness.  8  d,  9  e 

clay,  4  a 

diminution  of  —  with  time,  8  / 


UXllfCl  WATEB. 

cem,  character  of  — ,  61  a 
sice  &  drjmess  of  smkI  grainy 

61  a 
mica,  87  a 
snlftarlc  add  In  — ;  8trgth,6a 

BTAR. 

plasticity  of — i  ia 
soundness  of — ; 

cement,  29  a.  6 
abrasion  %  4  g 
expansion  of  — ;  4  A 
lUne  In — :  82  a 
sal  ammoniac  In  — ;  47  I 
briquet,    treatment    of— ^ 

strength.  39  d 
protection  of  metals  by  — ^ 

In  water;  4  b,  8/ 
sea  — ,  4  b,  7  a,  8  0 

for  plastering; 
clay  in  — ,  4  a 

aeration ; 

rate  of  setting.  84  a 

proportion  of — ^  in  concf 


strgth,79/ 

density.  79  / 

permeability,    13  b.   43  a,   79  0 

volume  of  cone,  21  a 

PBOPOBTIONS. 

irtlons ; 

asiiy  of  concrete,  9  c 
elastic  modulus,  81  a 
strength.  14  a,  15  a,  18  a,  19  k 
shear,  81b 
adhesion,  64  b 
strgth  of  columns,  35  a 
permeability,     9/,  0,      13  a,  b, 

25  a,  43  a.  65  a 
thermal  conductivity,  46  b 
electrolysis,  91  a 
eradlnv ; 

distiiDution.  47  d 
cement  reqa,  79  d 
density  79  d 
permeability,  93  a 
transverse  strength,  72  a 


AO«BEOATE. 


Amregate; 

fire,  4t  d 
proportion  to  mortar; 

volume  of  cone,  21  a 
addition  of — ; 

retardation  of  setting,  84  a 
dirt  In  — ; 

strgth,  19  c 
weight  of  —I  3  a 
density  of — ;  3  a 

gravel  (^  broken  stone,  8  /,  14  a 

eompaoting,  21  e 
▼olds  In  — ; 

spheres  of  unifonn  diam,  45  b 


slse  of — ; 

oem  reod.  79  b 

Sermeability,  79  % 
ensity,  8 1,  79  b;   strgth,  79  6 
elastic  modulus,  70.5 
kind  of—; 
density,  8 1 
proportions,-  17  a 
permeability,  79  a*  70  / 
btrgth,  19  b,  85  a,  83  a 
graTCl ;  8  2,  79  a 


strgth,  39/.  83  a 
permeabiUty,9«PS^^ 


DIRECTOBY  TO  EXPERIMENTS. 
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stone  vs  |rr«vel; 

permeabibty.  79  j 
deziaity,  14  a,  79  c 
8ti:gth,  14  a,  79  c 
fire,  41  c 

frranlte ;  83  a 
Imeatone; 
water,  69  a 
strKth,  83  a 
M»nd»tone  ▼•  shale;  11  a 
quarts;  expanaion,  70/ 


AO€IB£«AT£.— Continued.  * 

Sereening^i,  stone  — , 
_9radlnir;  88  6 

Cinder  cone; 

Btrgth,  15  a,  23  a,  83  a 
fire,  41  e 

thermal  conductivity,  46  5 
consistency,  23  a,  83  a 
proportions;  strength,  16  a 


Hixingrs 

ribi 


anxiife. 


'  sizes,  47  d 


distribution  of  a.««>, 
freezing  weather,  44  _ 
shrinkage,  21  a;    fire,  46  e 
rate  of  — ,  39  c 
band    A   maebine  — ;  : 

39  c 
eontlnnons;  27  a 
thoro ;  strength.  12  a 
Re-temperiny  ;  28  a 

FORMS,  PI.A€IH«, 
COHPACTIlfe. 


COirCRETE. 

Fimsif. 

Finish;  24  a.  32  a.  44  6 

water-tight  — ;  47  h,  67  a,  93  a 
Soap  and  alum  mixture ;  47  A 
Paint;  66  a 


_     coated  with  soft  soap,  32  a 
Placluff, 

freezing  weather,  44  a 
dropping  from  height,  33  a 
delay  in  — ,  20  a 
Compaetins ; 

density,  17  a    21  b,  21  e.  45  a 
fire,  46  « 

SETTIlfG. 
SettinfT* 
expansion  dnrinc  — ;  4  A 
rate  of  — ; 

salt,  4  e;    consistency,  4  d 

aeration,  84  a 

addition  of  agg,  84  a 

gypflum.  51  a 

Gme  and  gypsum,  51  e 

caldum  chloride,  51  a,  51  h 

AGE. 

A»e; 

strgth.   12  a,   14  a,   18  a,  81  a, 

86  g,  k,  t 
elastic  modulus.  61  h 
permeability,  61  c,  78  6,  79  / 

liAITANCJB. 

Lsilance ; 

consistency,  61  d 
permeability,   47  6,  60  a,   61  d 
strgth,  61  d 
thickness  of  — ;  61  d 

REGRIHBIlfG. 
Bevrindinff;81c,  77  a 

C8 


PROPERTIES,  BEHATIOR. 
Rensity ; 

fineness  of  sand,  79  e 

sand  VB  screenings,  79  e 

gravel  vs  stone,  79  e 

size  of  agg,  79  6 

proportions,  9  c,  17  a 

grading,  79  d 

Ome  paste,  82  d;  clay,  4  a 

consistency,  61  a 

mortar,    proportion  of — ,  79  i 

compacting,  21  6 

permeability,  72  6,  79  a 

durability,  72  6;  strgth,  72  6 

Tolnme ;  21  a 
Siirinkapre  ;  21  a,  42  a,  73  a 
Absorption;  55a 

character  of  sand,  62  o 
sand  vs  screenings,  55  a 
clay  and  loam  in  sand,  56  6 
strgth,  62  a 

Ruetility;  16  a,  30  a.  36.  88.  48. 
81  e,/ 

Flow;  58a 

Rnrability  ;  72  6 

Plasticity ;  72  6 

Soundness ;  oil,  68  a 

Abrasion;  4g 

Strength. 
Strengrth ; 

ingredients.  50  a 
nat  and  Port  cem,  14  a,  19  a 
typical  mix,  86  / 
sand,  character  of  — ,  62  a 
sand,  fineness  of  — ,  52  6,  79  • 
sand,  grading  of  — ,  86  a 
sand  vs  crushed  limestone,  50  a 
proportions,  14  a,  18  a,  19  6 
agg.  character  of  — -^  19  6,  83  a 
agg,  size  of  — ,  39/7  79  6 
gravel  vs  stone.  14  a,  79  c 
sandstone  vs  snale,  11  a 
cinder  o^s,a  3A&  Jl^g  le 
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BcreeninsBt  86  6 
mica,  87  a 

Sroportion  of  mortar,  79/ 
irt  in  sand  and  agg,  19  c 

clay  and  loam,  34  a,  39  o*  52  b, 
66a 

clay  and  alum,  80  a 

lime,  80  a 

conaiBtency,  61  a,  83  a 

salt,  19  a 

mixing,  12  a,  22  a,  27  a 

re-tempering,  28  a 

delay  in  placing,  20  a 

laitance,  61  d 

re-grindmg,  77  a 

age,  12  a,  14  a,  18  a,  81  g,  86  i 

cold,  19  a 

density,  72  a,  h 

fire.  46  d,  70  <f  to  / 

oU,  63  a  to  c,  68  6 

absorption,  62  a 

reinforcement,  percentage  of — » 
81(7 

columns,  35  a 

reinforced  beams,  SI  g,  h 

uniformity,  86  fif,  h 

safe.  9h,  12  b 

compressive  — ,  85  a,  86  i 

tensile  — ,  85  a,  86  i 

transverse  — ,  85  a 

torsional  — ,  81  c 

shearing  — ,  81  b,  e 

shearing  — ,  in  beams;  81  h 
Fattipoe ;  16  a,  48  a,  76  a  to  e 
Unit  strefM: 

unit  stretch,  67  a,  81  a 

Elaatlc  Properties. 
Elastic  properties ;  67  a,  81  a 

PotenzgesetB  (law  of  powers), 
67  o 

fire,  70  c 

neutral  axis,  position  of  — ,  83  a 
Elastic  limit; 

adhesion,  88  a;  fatigue,  76  c 
Elastic  modulus ;   81  a 

size  of  agg,  70.5 

proportions,  70.5,  81  a 

consistency,  61  6,  81  a 

age,  61  6 

fatigue,  76  c;  fire,  70  e 

columns,  35  a 

Permeability. 
Permeability ;  47  a  to  Z,  78  a  to 

d,  79  g,  82  a 
cem,  Port  &  nat  — ,  65  a 
proportions,  9/,  g,  13  a,  b,  25  a, 

43  a,  65  a 
excess  mortar,  13  b,  43  a,  79  g 
aggregate,  79  g^  i,  j 
grading,  93  a 
gravel  with  sand,  9  g 
sand,  screenings,  stone,  gravel, 

79  7 
day,  4  a 


clay  A  alum,  80  a 
lime,  80  a,  82  a,  c 
lime  &  sand,  82  6 
consistency,  33  a,  47  e,/,  61a 
laitance,  47  b,  60  a,  61  rf 
density,  72  6,  79  9 
waterproofing,  47  A,  80  a 
soap  and  alum  mixture,  47  A 
finish,  47  A,  57  a,  93  a 
reinforcement,  47  /,  g 
sunshine,  47  « 

pressure,  25  a,  78  5,  e,  d,  79  0 
percolation,  47  b,  60  a.  65  a 
thickneffi,  79/ 
age.  61  c,  78  5,  79  j 
tanks,  33  a,  57  a 

EXTEBNAIi  I!rFI.1TE9rCES. 

Electrolysis ;  75  a,  91  a 

Sonshlne ;  permeability,  47  c 
Air; 

corrosion,  59  a,  5 

shrinkage  and  expansion,  T\n 
steam  and  carbonic  aeld: 

corrosion,  40  a,  b 
Water;  4  5.8/ 

shrinkage  &  expansion,  73  a 

limestone  cone,  69  a,  6 

hardness  of  mortar,  37  e 

stivth.  23  a 

adhesion,  26  a,  37  e 

corrosion,  26  a,  37  r,  59  a.  ft 
■ea  — ;  7  a,  31  a.  6.  c.  49  a.  90  a 

corrosion,  59  a,  b 

fineness  of  sand,  8  g 

placing  in,  4  e,  31  a,  6 
Pressure; 

permeability,  78  6,  c,  d,  79  0 
Percolation ; 

permeability,  8/,  47  b,  60  a 
Sewasre;  37  c 

Oil ;  53  a  to  /,  68  a  to  c,  68  a.  6 
Abrasion ;  4  g 

Heat  and  Cold. 
Freeslny  weather; 

mixing.  44  a;  placing,  44  a 

finished  work,  19  a,  44  a,  90  a 
Expansion  coefliclent;  1  a.  10  a 
Thermal  conductivity;  46  6. 

70  (7,  i 
Fire;  41  a-«,  46  a-e,  70  a-4 

San  Francisco,  71  a-d 

aggregate,  41  c,  d,  e 

gravel  and  broken  stone,  41  c 

cinders,  41  e 

disintegration,  70  d-f 

strgth,  46d,  70  d-/ 

elastic  properties,  70  c 

requirements,  46  e 

reinforced  cone,  41  b,  46  c,  e,  70  A 

COI^ITMKS. 
<?olninns ; 

clay  in  oonc  for  — ,  92  o 
strath  of  — ;  35  a 
elastic  modnlos ;  85  a 
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REINFOBCEHESTT,  METAIiS, 
€?oiicr«te,  relnforeed  — ; 

shear,  81  b,  h 
stresses  in  — ,  81  o,  h 
fire,  41  b.  40  e 
Reinforeemeiit ; 
strgth,  81  h 
fire.  46  e 

permeability,  47  a 
tidlieiiioii  A  Mciion ;  64a,6« 

81  d,  A,  88  a 
plain  A,  deformed  bars,  64  a, 

74  a 
high  &  medium  steel,  88  a 
disturbance,  64  a,  76  d 
proportions,  64  b 
time.  26  d 
elasUc  limit,  88  a 


ADHESION,  COBBOSIOir. 

fatigue,  76  d 

exposure,  26  a,  37  a,  b,  c 
corrosion  of — ;  2  b,  26  a,  b,  c 

37  a,  b.  c,  40  a,  b,  44  e,  47  (, 

54  a.  59  a,  6 
condacUTitjr  of — ;  70  i 
electroljrsiii ;  75  a,  91  a 
dlntarbance  of — $  47  /,  64  a, 

76  d 
plain  A  deformed  — ; 

adhesion,  64  a,  74  a 
hlgli  A  medlnm  steel ; 

adhesion,  88  a 
pereentajye  of — ;  SI  o 
streniptliof  — ;  81  h 
stirmps;  81  A 
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1806  OONCBETE. 

fixpeiiment  and  Practtee* 
Selected  Reisulto. 

fl«e  Directory,  pp  18031,  etc. 
Order  of  arran^enient. 

The  features  entering  into  the  manufacture  and  behavior  of  oonorete  an 
so  numerous,  and  in  the  reports  of  experiments,  etc,  they  are  unavoidabli 
80  interlaced,  that  it  has  been  found  impracticable  to  group  the  several  iteme 
in  the  body  of  the  text  in  satisfactory  order  below. 

Most  of  our  "sdected  results"  are  therefore  here  placed  approx  in  the  order 
of  their  dates  of  publication,  and  fumisht  with  a  directonr,  po  1308,  ete,  by 
means  of  which  any  partioukr  subject  may  be  promptly  found.  The  dirse- 
tory  is  arranged  rationally  (i  e,  not  alphabetically),  and,  as  far  as  praetie- 
able,  in  the  order  followed  in  the  text  (pP  1222>12fiO,  1262-1802),  referring 
to  cement,  sand,  mortar,  aggregate  ana  concrete,  plain  and  reinforced. 
The  items,  covered  bjr  any  one  publiaht  statement,  are  given  a  common 
number,  and,  under  this  common  number,  the  several  paragraphs  are  indi- 
cated by  lettere.  These  letters  usually  distinguish  also  betw  the  several 
features  covered  by  the  common  number. 

Thus,  under  Expt  8,  we  have  a  number  of  conclusions  reached  by  R. 
Feret:  under  8  a,  conclusions  respecting  strength  of  mortar  as  affected  by 
proportion  of  cement  and  fineness  of  sand;  under  8  c.  conclusions  req)ecting 
porosity  and  permeability  as  affected  by  fineness  of  sand  and  richness  <n 
mortar,  etc,  etc. 

In  the  directory,  semicolons,  in  general,  are  iised  to  distinguish  between  two 
different  but  related  ideas.  Thus:  *' Stren^tli ;  fineness  of  sand"  and 
*'S«nd,  fineness  of — ;  strength,"  refer  to  items  giving  information  re- 
specting the  effect  of  fineness  of  sand  upon  strength  of  mortar  or  cone. 

1.  BoanieeAa.  Annales  des  Fonts  et  Chauss^es,  1863,  p  181. 
la.  Expansion  Ooelllclent. 

Bariron 0.00001235  per  degC;     0.00000686  per  deg  F 

Port  cem  cone 0.0000137  0    "      ^  "       0.00000760 

»    

2.  Jolin  €.  Trantwlne,  Civil  Engr's  Pocket  Book,  1872. 
Sa.  Sand,  density;  moisture,  eompaetlngr- 
Speelmens.   Ordinary  pure  sand  from  the  seashore,  both  dry  and  moist 

(not  wet),  see  table.     Sand  B  was  of  much  finer  grain  than  A.    C  consisted 
of  the  finest  grains  sifted  from  B. 

Treatment.    The  dry  sands  were  compacted  by  thoro  shaking  and  jar- 
ring; the  moist  sanda  by  ramming  in  thin  layers. 
Results. 

Sand  A  Sand  B  Sand  C 

(coarse)  (finer)  (finest) 

Dry  Moist  Dry  Moist  Dry 


lbs    SoUd    Void   lbs      lbs    Solid    Void    lbs     lbs.  SoUd  Void 
per     %  %     per      per      %        %       per     per    %      % 

cu  cu       cu  cu       cu 

ft  ft      ft  ft      ft 

Loose 97  59         41     86  88      63.4    46.6  69  82  GO      GO 

Compacted  112  68        32  107.5  101.6  61.6    38.4  103.5  98.5  60      40 

Increase...    15  9      —9  21.5  13.6    8.2—^.2  34.5  16.5  10—10 

Percent...  15.5  15.2    22  25  15.5  15.3     17.6  50  20.1  20       20 

»  b.  €orroslon.     10  years'  trial.     Dampness  absolutely  excluded  after 
setting.    Cements  protect  iron,  lead,  smc,  copper,  brass.    Piaster 

of  Paris  protects  aU  these  except  ungalvanixed  ipeuiby^OOQLC 
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— — — — — 

S.  jrolUB  W«M  SandenMMi.    Iiwt  C  £,  Vol.  Uv,  1878,  p  260. 

■•••**•  lbs  per  Percentage 

No.  oob  ft  of  voids 

1.  Broken  limestone,  mostly  3  inch 05  50.9 

2.  Screened  gravel,  from  small  pebbles  to  2.5  inch. . Ill  H        33.6 

3.  Equal  parts  of  Nos.  1  and  2,  well  mixed 113  >^         34.0 

4.  Broken  sandstone,  4  to  8  inch 74  50.0 

6.  **  **         from  sand  to  4  inch 02  34.0 

6.  Equal  parts  of  Nos.  4  and  5,  mixed 01  >^        36.0 

4.  Eliot  C  Clarke,  A  S  C  E  Trans.  Apr,  '85.  Vol  14,  p  163.  Expta 
for  Boston  Main  Draina^s  Wotka. 

ResnltA. 

4  tu  Clay.  The  addition  of  not  exceeding  one  part  of  clay  to  2  of  cem, 
gave  a  "much  more  donse*  plaatl«  and  water- tlgrbt  paste,  convenient 
Tot  plastering  surfaces  or  stopping  leaky  Joints,"  and,  in  general,  had  no 
markt  efifeot  upon  the  »tr<engiMk  of  Portland  and  natural  cem.  Mortars, 
made  with  sand  containing  10%  of  loam,  were  of  normal  strgth  at  6  and  12 
mos,  tho  of  only  about  half  normal  strgth  up  to  1  mo.  Clay,  in  cem,  is  "an 
almost  impalpable  powder,  with  particles  nne  enough  to  fill  the  spaces  be- 
tween the  particles  of  cem." 

4  l».  A  year's  saturation  in  fresh  or  isalt  water,  and  in  contact  with 
oak,  bard  pine,  wbite  pine,  apmee  or  aahy  did  not  affect  the 
mortars. 

4  Cm  Salt,  either  in  the  water  used  for  mixing,  or  in  that  in  which  the  cem 
ia  laid,  retards  setttni^  somewhat,  but  has  no  important  effect  upon  the 
atrenifth. 

4d.  CoBflisteney.  Excess  of  water  retards  setting.  Nat  cems 
need  more  water  than  Port ;  flne-fpronnd  more  than  coarse;  qnlck- 
aettinir  more  than  slow. 

4  e.  The  flner  the  sand,  the  less  the  strenip^h. 

4  f.  With  sand,  fine-irronnd  cems  are  strongest;  eoarse-ir>*oand 
are  strongest  neat,  especially  with  Po^lands. 

4  g.  Port  resisted  ahraslon  best  when  mixt  with  2  parts  sand;  nat  with 
1  part.  Resistance  diminished  rapidly  with  slight  variations  from  these 
proportions. 

4  h.  In  settiniT*  niortars  expand  >  1  part  in  1000. 

5    

5.  Allen  Hasen,  Mass.  State  Board  of  Health.  Report  '92,  p  550. 
Sharp-grained  sand. 

5  a.  IJniformlty  eoeflieient(u.o.)p947:         <2        <3      6  to  8 

Voids,  per  cent,  approx. 45  40        30 

6    

6.  E.  Carey,  Inst  C  E  Procs.  Vol  107,  '92,  p  55. 

6  a.  SnlAirlc  add ;  streng^th.  Neat  cem,  gaged  with  water  con« 
taining  5  %  acid,  had,  at  7  days,  only  27  %  of  the  streng^th  of  neat  cem 
gaged  with  water  free  from  acid. 

7.  Br.  WUhelm]IUehaells,InstCEProos.Voll07,'92.pp372,375. 

7  a.  IMslnteirratlon  of  porous  cem  In  sea  water  shown  to  be 
due  to  the  action  of  sulfuric  and  hydrochloric  (muriatic)  acids,  contained  in 
the  magnesium  sulfates  and  chlorides  of  sea  water.  These  acids  leave  the 
weaker  base,  nugnesium  (which  is  deposited  as  a  hydrate),  and  combine 
with  the  lime  of  the  cem,  expanding  and  disintegrating  the  cone. 


{ 
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8.  R.  Feret«    Annalee  des  Fonts  et  Chanasfies,  7e  B6rie,  Tome  IV,  '92. 

H  a.  Results.  Strenir^h  of  mortar  increases  with  proportion  of  eem, 
and,  in  general  (especially  at  the  beginning  of  hardening)  with  sise  of  sand. 

8  b.  Mortars  vary  widely  as  to  porosity.     Compare  0  d.  0  e. 

8e.  Porosity  increases  8d.  Permeability  increases 

with  fineness  of  sand,  with  coarseness  of  sand, 

with  richness  of  mortar  with  richness  of  mortar. 

8  e.  Mortars  made  with  a  mixture  of  coarse  and  flne  sands  are  lesi 
porous  and  less  permeable  than  others. 

8  r.  The  permeability  of  mortan  subjected  to  continuous  percola- 
tion of  fresh  or  sea  water,  diminislies  rapidly ;  but,  in  certain  cases, 
the  mortar  disintegrates  or  cracks. 

8  g.  To  avoid  disintegration  in  sea  water,  use  coaxee  sand  and  plenty 
of  cem.    Mix  wet. 

81i.  Bensity  of  sand;  moistore  and  tampiny.    Fig.  1. 


OJOO 


0  0.04  a06  0.12  ai6 

PoMn<i«  of  Water  per  powad  ofdrg  mumL 

FifT  1.    Moisture  and  Tamping. 

M.  Feret  used  (1)  a  very  fine  dune  sand  and  (2)  a  coarser  aea  sand.     Wm 
B.  Fuller,  E  N,  '02.  Jul  31,  p  81,  used  a  bank  sand,  (1)  loose  and  (2)  tamped. 

From  these  results,  it  appears  that  the  addition  of  water  affecta  the  vol 
of  the  sand*  in  two  opposite  ways;  (1)  by  insinuating  itsdf  betw  the  sand 
particles,  thus  increasing  the  vol  for  a  given  wt;  (2)  by  decreasing  the  Crio- 
tion  between  the  grains,  allowing  them  more  readily  to  take  up  the  positioas 
of  closest  contact,  and  thus  dimini^ing  the  vol.  When  only  small  vols  of 
water  have  been  added,  the  first  of  these  effects  seems  to  prevail,  the  bulk 
increasing  until  the  vol  of  water  reaches  from  2  to  5  %  of  the  vol  of  dry  a 
With  more  water,  the  lubricating  effect  prevails,  the  vol  diminishing. 


10 20 


90 


40 M 


Tamped  [_ 


60        70 


10 


^ 


80 


90      100 


20        80        40        50        60        70        80 
JP0rceniage  of  eoHd  in  givm  ooltims  ofmmA,^ 
Tig  2.     Compacting. 
8  1.  Sbape  of  grain  and  tamping.    Fig.  2. 

♦  See  foot-note  ♦,  p  1288sitized  by  LjOOg  IC 
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Four  materials,  as  follows: 

a.  Granitic  saod,  rounded  n-ains;  c.  Broken  shells,  flat  grains; 

b.  Ground  quartzite,  an^rular  grains:     d.  Residue  from  b,  lamellar  grains. 
Elach  of  the  four  matenals  screened  to  the  same  granulometric  oompoti- 

tion,  vis:  c,  0.5;  m,  0.3;  f,  0.2.t    (See  p  1238.) 
Resnlts.    See  Fig.  2. 
8  J.  EflTeet  of  sise  of  itmkIii.    Fig.  3. 


100  150  200 

JUmAm  per  linear  dectmeUr, 

Fig  8.    ffiie  and  Density.     A  ^  Alexandre  ;  €  ■-  Candlot. 

Theoretically,  the  density,  in  a  sand*  or  gravel,*  composed  of  grains  of 
uniform  sise,  should  be  independent  of  the  abeolxUe  sise  (H  30,  p  1241);  but 
experimenters  have  obtained  contradictory  results,  showing  unimportant 
variations  of  density  with  use.  Thus  (T  &  T,  p  170),  if  sand  (except  very 
fine  sixes,  such  as  pass  a  sieve  with  74  meshes  per  Unear  inch)  and  broken 
stone,  with  irregular  particles  of  approx  uniform  ehape^  be  separated  into 
portions  containing  particles  of  umform  size^  these  several  portions  TiiU 
show  approx  equal  percentages  of  voids.  This  agrees  witli  R.  Feret's  ex- 
]?»eriment8  (T  &  T,  pp  171  and  142),  fl^  3,  according  to  which  each  of  the  3 
sises  (coarse,  meditmi  and  finef)  contained  50  %  voids.  M.  Feret's  results 
are  represented  by  the  hor  line  in  Fig  3.  On  the  other  hand  (Fig  3)  M. 
Candlot  (Feret,  Ann  des  Fonts  et  Chaus86es,  1892,  2«  sem)  found  the  voids 
increasing  continuously,  and  M.  Alexandre  {ibid)  found  them  fint  increasinc 
and  afterward  decreasmg  as  the  size  grew  smaller. 

8  liL.  EflTeet  of  sises  of  iprolns.  and  shakinr  or  tainpliiir< 
I«oose  sand*  shows  densities  ranging  from  0.525  to  0.610,  the  max  density 
occurring  when  60  %  of  coarse  sandt  is  mixed  with  40  %  of  fine  sand,  with- 
out mecfium  sand.  In  sand  shaken  to  reftasal^  the  densities  range 
from  0.600  to  0.793,  the  max  density  occurring  with  a  mixture  of  55  %  coarse 
with  45  %  fine;  no  medium. 


meshes  per  lineal  decimeter. 


*  See  foot-note  ♦,  p  1238. 

t  Classification  of  ases. 

Passed 

Retained  on 

c.    Coarse 20 

60 

m.  Medium 60 

180 

/.    Fine 180 

dbyLjOogle 
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m^wwmwmam; 

Wtof 
pebblM 
con- 
tained, 
% 

of  8&nd  proper 

Band 
Kf  per 

Mabtaftud 

lfoi».       Kc 

Coaree 

Med. 

Fine 

rofir 

tore       per 
%      cu  M. 

Oranitio 

rounded  graina  . . 
Schistoae 

1.0 

25.4 

6.6 

0.136 
0.3«0 
0.250 

0.723 
0.293 
0.412 

0.141 
0.348 
0^29 

1,586 
1.763 
1.600 

0.8 
1.2 
1.8 

1.405 
1,650 

1332 

9.  liUlci  liOlflrrt  ftnd  Ti 

te;"  Gemo  Civile,  Kome.  '03. 


and  Talentino  Cardl,  "Esperimenti  sulle  Calei, 


Porosity,  permeablUly-,  etc.  Safe  loads.  Twelve  yeara'  ezpu 
in  connection  with  harbor  works  at  Genoa,  Italy. 

Besnlts. 

9  a.  In  mortar,  Tolds  are  dne  partly  to  air  adhering  to  particles  of 
eand  and  acgi  partly  to  evaporation  of  the  water  used  in  mixing. 

9  b.  In  mortar,  TOliuiio  of  TOlds  may  vary  from  12  to  46  %  of  vol  of 
mortar. 

0  c  Mlnintam  Tolds  (5  %)  in  cone  formed  with  700  lbs  Port  eem, 
1  cu  yd  mixt  sand.  IHou  yds  small  gravel. 

9  d.  Porosilj  tnereases  9  e.  PermeaMlltv'  tnereaacs 

with  fineness  of  sand;  with  coarseness  of  sand; 

"    richness  of  mortar;  **  poorness  of  mortar; 

greatest  with  neat  oem.  least  with  neat  oem. 

Compare  8  c,  8  <f. 
^9  £  Conereto  of  1150  lbs  Port  earn,  1  «u  yd  mixt  aaad.  1 M  eu  yds  snail 
gravel,  carefully  mixt  with  just  enough  water  (about 3i  cu  yd)  to  work  it 
up,  was  impormeablo  under  40  ft  head  (173  Ibs/O^). 

9  g.  Oonerote  of  700  lbs  Port  eem,  1  cu  yd  mixt  sand,  1  )ica  yds  small 
travel,  made  into  a  h<rilow  cyl  with  shell  2Hr  thick,  was  iBSperMsable 
under  13  ft  heed  (5.64  lbs /CT)  ud  barely  permeable  under  27  ft  (11.7 
Ibs/Q').  Similar  cyls,  of  same  mixturs,  wttlioat  ttao  gwmyrml,  leaked 
somewhat  under  13  ft  and  easily  under  27  ft. 

9  h.  Safe  load  in  eomprcsBlon.  In  the  floors  of  the  graving 
blocks,  1:2:3  cone  of  Port  eem,  sand  a&d  small  gravel,  safely  cames  107 
Ibs/Q' ;  safety  factor,  15. 

10    

19.  Hr.  Keller*  TluMiindustrieseitung  '94,  No.  24. 

19  a.  BxaansloBi  Cooflieieat.    Temns  from  --  lO'  to  -f  72*  C  « 

h  8^  to  +  162*  P.    Gravel  (20  mm)  and  saad.  in  equal  parts. 

lAixtiire  of  sand  and  gimvel,  parti 
Proportions  (1  part  oem)  to  0  2  4  8 
CosffiaiMkt,perdsgraaC...0U)000L26    aOOOOlOl    00)000104    OU)000005 
F... 0.0000070    0.0000056    0.0000068    OX)000053 


R  Storage  Pirojeet,  'M. 


11   

11.  Oeo.  'Vr.  Kaflfcer,  2d  Report  on  Gen 
See  E  R,  '06,  Jaa  27,  p  lOdL 

11  a.  Concrete  with  liard  sandstone,  gave  strength  50  %  greater 
4han  where  shale  was  substituted. 
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For  AblNMfVtetfMM,  syMboUi  muA  nftraitM,  Me  p  1261. 


19   

12.  l^iM»nuid.    ER.'94,No¥3. 

1ft  »•  Comp  Atrensthi  aye.    Bridge  over  Danube  at  MaB4«v- 
fclBffen.    Cooo  1  :  2.5  :  6,  wet.    Cubee  20  om  (8'). 

Very  tborolv  mixt  in  an  iron  cylinder  revolving  on  a  hor  nada  and  oon« 
taininc  40  steel  balls  weii^ag  tograer  660  lbs.  Mixt  2  mins  dry,  3  mins  wet. 

Age  in  days 7         28  150  970        3285  (-  9  years) 

Compstr«th,kg/Bqoin..  202       254  332  620  670 

Ibfl/sqin 2870     B610        4720        7400        8100 

IS  b.  Max  exlstlaflr  proMiarea,  in  bridge,  500  to  660  Ibs/CT. 

IS    

IS.  J.  WmU  Hmm4kewmma9  Inst  C  E  Proee,  Vol  121.  '05,  p  220. 


IS  »•  WmtmvtiAt  conerete  walls  (pres  not  stated)  made  with 
, ^iQ  leavinglO  %  on  Ko.  120  sieve, 

sand  with  27  %  voids. 

large  and  small  gravel  with  >  35  %  voids. 
IS  b.  Where  ag|^  has  35  %  ▼•Ads,  toI  of  mortar  should  be  50  %  ol 


volof  ag8» 

14    

14.  A.  W.  Dow,  n.  S.  Inspector  of  Asphalt  and  Cem.    R^ort  of  Engr 
Commsr,  Dist  of  Columbia,  '97.  p  165. 

14  a.  ComproMilve  atroactb. 

Il|^««inieiui,  12-inch  oono  cubes,   dry;  cammed  in  east  iroo  moldi; 
thoroly  wet  twice  daily. 

Tlie  results  for  one  year  aro  iwnans  of  fire  cubes  7  the  rest  are  means  of  two 
cubes.     Deduct  from  3  to  8  par  cent,  for  friction  of  press. 

The  materials  were  as  follows: 

Cement.  Portland   Natuxal 

Per  cent,  retained  on  sieve  of  100  meshes  per  linear  inch.      8.5  14 

Time  for  initial  set,  minutes 190  20 

••      "    hard      "  *'        305  36 

Tensile  strength  as  follows*  lbs.  per  square  inch: 

IDay.    7  Dam    1  Mo.    8  Moe.    OMoa.    1  Tear. 

Portland,  neat, 441  830 

3  parts  stan- 
dard broken  quarts,  248         420  808  428  474 

Natural,  neat, 06  180 

2  parts  stan- 
dard brotoi  quarts,  91         188  327  414  485 

Sand  used  in  conerete. 

No  residue  on  a  No.  3  sieve:  0.5  per  cent,  pasfsd  No.  100.    Voids  44  per 
cent.,  with  4.4  per  cent,  water. 

Broken  Stone*  Gneiss.  Of  Nos.  6  and  12  (table  below)  3  per 
retained  on  2.5  inch  mesh;  all  on  li  inch.  Others,  0  retained  on  2.5 
nearly  all  on  0.1  inch.     For  voids,  see  table,  below. 

Gravel.  Clean  quarts,  passing  a  If-inch  mesh,  2  per  cent,  passing 
10  mesh.    Voids,  29  per  cent. 

Water.    With  Portland  cement,  0.09  «u.  ft.  <  »■  5.7  lbs.)  per  eu.  1^  of 
lammed  concrete;  with  natural  opvwnt,  0,1^2  cu.  ft.  (  =-  7.5  lbs.}. 

For  Keoolta,  see  p  1314. 


t4per 

cent.  § 

inch;  ■ 

a  No.  ^ 
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For  IHreetory  to  Experimente,  see  pp  1903-7. 

Crushing  Strength  of  12  In.  Concrete  Cubes,  In  lbs.  per  sq.  1b. 

Experiments  by  A.  W.  Dow,  as  above: 
Parts  by  volame;  cement,  1;  sand,  2;  aggregate,  6. 


Voids  in  Aggregate. 

Crushing  Strength, 
lbs.  per  sq.  in.,  after 

No. 

mi 

i 

Per 
Cent, 
of  Vol. 

Mortar, 

in 

percentage 

of  Voids. 

10 
Days. 

45 
Days. 

3 
Moe. 

6 
Moe. 

1 
Year. 

1    « 
1    9 

6 

45.3 

83.9 

908 

1790 

2260 

2510 

3060 

3 

3 

35.5 

107.0 

950 

1850 

2070 

2750 

4 

2 

37.8 

100.6 

2840 

t  10 

6 

39.6 

96.2 

. 

. 

2700 

^  12 

6 

29.3 

129.1 

694 

1630 

2680 

1840 

2820 

6 

45.7 

83.9 

1630 

1530 

1850 

1 

6 

45.3 

83.9 

228 

539 

376 

795 

915 

%l 

3 

3 

35.5 

107.0 

108 

364 

593 

632 

841 

4 

2 

37.8 

100.6 

915 

rt    4 

6 

39.5 

96.2 

, , 

, , 

, 

»0 

t^    5 

a 

29.3 

129.1 

87 

421 

861 

344 

763 

^'    6 

6 

45.7 

83.9 

•• 

596 

•• 

829 

15    

19.  Teiitii  of  Metals,  '98.  p  672l 

19  a.  Cinder  Cone  with  Port  cem;  nit  oomp  fltronytlk. 
Specimens;  12-inch  cubes;  water  10  to  12 H  lbs  per  cu  ft  of  eooft 
Besnltss 
s  py 


Proportions  by  volume; 


Cement 


Sand 
1 
1 
2 
2 
2 
2 
2 
2 
8 
3 


Cinders 
3 


I,  da 


No.  of  testa    Lbe/sq  inch 


90 
39 
102 
38 
98 

30-38 
90-^ 
29 
91 

16    — 


18 

3 
3 
3 
16 
16 
3 
8 


1541 


1098 
1634 

904 
1325 

724 
1004 

529 

788 


16.  Considere,  G6nie  Civil,  '90. 
16  a.  Dnctillty. 
Speeimens  and  resnlts; 

Cone  cantilevers,  1:3,  6  cm  sq,  60  cm  long,  tension  side  retofd  by  3 
round  iron  bars  4H  mm  diam. 

Treatment.  Loading  such  that  bendg  mom  was  the  same  for  all 
cross  sees.  In  one  of  the  prisms,  load  increased  until  unit  stretch  —  0.002. 
Then  loads,  —  44  to  71  %  of  this  original  load,  were  applied  139,000  tiines; 
stress  returning  to  0  each  time. 

Besnlts.  Vnlt  stretches,  0.000545  to  0.00125;  strgth  but  littk 
reduced.  Similar  tests  of  unreinfd  specimens  gave  unit  streU^  at  rupture, 
only  0.0001  to  0.0002:  the  relnffsreement  apparently  enabling  the  cone  to 
endure  far  greater  deformation  than  when  not  reinfd.^^  ^|it  see  £^ta  36, 38 


Cement. 

Proportions 

Barrels 

1:2:3 

1.77 

1  :2:4 

1.59 

1  :2:6 

1.39 

1:3:4 

1.30 

1:3:5 

1.16 

1:3:6 

1.04 

1:4:6 

1.00 

1  :4:7 

0.92 

1:4:8 

0.83 

cu  yds 

cu  yds 

o.a7 

1.05 

0.95 

1.16 

1.04 

1.26 

0.8S 

1.00 

0.99 

l.U 

1.00 

1.20 

0.01 

1.09 

0.97 

1.17 

1.03 

1.25 

of  practice. 

The  column 
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For  abbrevlatioiui,  syinboUi  and  referenees,  see  p  1251. 
_— — __ 

17.  C.  E.  Fowler,  A  S  C  E,  Trans,  '99,  Vol  42,  p  117. 
17  a.  Resnlto.    Proportions,  assuming  that 

1  bbl  Portland  cem      »  3.8  cu  ft. 
34  cu  yds  concrete         —  abt  27  cu  yds  after  ramming. 
Those  cones,  for  which  the  vols  of  stone  appear  in  bold-face  type  (as  1.00), 
have  their  voids  filled  or  more  than  filled:  while,  in  those  printed  in  plain 
type  (as  1.04),  the  voids  are  not  filled  and  the  cone  is  porous  and  deficient 
in  strgth. 

Quantities  in  1  cu.  yard  of  ooncrete: 

Stone  with       Stone  with 
Sand,  40  %  voids,      60  %  voids, 

cu  yds  "' 

0.51 

0.47 

0.42 

0.57 

0.62 

0.48 

0.56     • 

0.61 

0.47 

The  fore^ing  figures  agreed  well  with  the  results  of  practice.     

for  stone  with  40  %  voids  closely  represents  broken  limestone,  which  breaks 
into  pieces  of  various  sises;  while  the  column  with  50  %  voids  represents 
tn4>  rock,  which  breaks  into  pieces  of  more  nearly  uniform  size. 

18     

18.  Testii  of  Metalfl,  '99. 

18a.  Compremive  Atreni^h  of  12^  cubes  of  dry  Portland  ce- 
ment concrete,  for  Geo.  A.  Kimball,  Chief  Engr  Boston  El  Ry  Cob 
Specimens  $ 

Sand.  Coarse,  clean,  sharp.  Voids,  measd  loose  and  moist,  33  %; 
measd  after  settling  by  saturation  with  water,  25  %. 

Stone.   Conglomerate  from  Roxbury,  Mass.  Voids,  measd  loose,  49.5  %. 
4.8  %  passed  2  H'  ring,  caught  on  2f  ring  ; 
76.7  %      "       2*        ••   ,       '^  1"    "  ; 

18     %      "       1'       "  ,      ••  JT    "  ; 

0.6%      "      H'        "  . 

Treatment.  Mlxt  by  hand.  Water  barely  showed  after  ramming. 
Cubes,  except  those  tested  at  7  days,  burled  in  wet  ground  until  within 
one  wk  of  testing.  In  general,  6  cubes  of  each  mix  of  each  brand  were 
tested  at  each  of  the  ages. 

Results.  Ultimate  compressive  strengths,  Ibs/CT*  Each  max  or  min 
is  the  mean  of  five  or  more  tests,  upon  cubes  made  from  one  of  the  four 
brands  of  cem,  and  thus  refers  to  the  cem  giving  max  or  min  strgth  under 
the  stated  conditions.     The  avs  are  those  of  such  results  for  the  4  brands. 

Age  1:2:4  1:3:6  1:6: 12 

max       av       min  max      av        min  max      av     min 

7ds      2219     1525      904  1550     1232      892  759      583     417 

Imo    2642     2440    2269  2174     2063     1816  1218     1042    873 

3  mos  3123     2944     2606  2538     2432     2349  1257     1066    844 

6ma9  4411     3904     3612  3170     2969     2750  1583     1313    815 

For  formulas,  deduced  from  these  results  by  E.  Tbacher,  see 
H  35,  p  1274. 

19     

19.  W.  A.  Rocers,  Chic,  Mil  and  St  P  Ry,  Westn  Soc  Engrs,  Jour,  1899r 
Jun,  Vol  4,  No.  3.  p  262,  R  R  Gas.  '00,  June  15,  p  402.  July  27,  p  1274. 

19  a.  Effect  of  cold,  and  of  mixing  with  salt  water.  Specimens  ; 
comp  strength  of  12-inch  cubes  of  Port  and  nat  oem  oonc.    8  cubes 

88 
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OOFCRET& 


to  Ezporunonts,  Me  pp  1903-7. 


Atlas  Port,  1  oem,  3  gravel  (2  sand,  1  pebbles).  4  hard 
«tone;  8  eubes  Louisv  nat,  1  oem,  2  gravel,  3  stone. 

Same  as  used  in  track  elevation  masonry  by  Chio,  Mil  and  St  P  Ry. 

Treaiment.    All  the   cubes  made  by  same  person  in  mokla  of 
lumber,  and  left  in  molds  untU  broken. 

Beaulto. 


Portland 

Natural 

Temp,  F 

Ibe/sq  in. 

Temp,  F 

Ibs/aq  ID 

1  cube  in  warm  office  28  days 

80»to     18* 

>1290t 

a6*»to     40* 

300 

1      * 

«<       <t        it 

28     " 

>17M 

•* 

deiaecive 

1      • 

outdoors* 

57*  to  —24** 

9021 

srto— 10* 

900 

1      • 

** 

28     " 

** 

690| 

956 

1      ' 

1           i( 

28     " 

in  office 

28     " 

86'to     32** 

>1290t 

86'»to     40" 

376 

1 

outdoors* 

28     " 

57»to-24* 

srto— 10* 

in  office 

28     '• 

85*»to     32° 

>129a 

85*to     40" 

352 

1      * 

'  outdoors  *  ** 

28     " 

5rto-24<> 

>129a 

srto-io* 

237 

1      * 

28     " 

>1290t 

247 

Character  of  wkggr^fm;Ui ;  comp  atrenirAh. 

12*  cubes  of  Port  oem,  gravel  and  stone. 


19 

ftpeeftmena.  ... 

coarse,  sharp  sand,  1  /3  pebbles  from  sand  to  1  >^' 
of  3  cubes.    Age  28  days. 

Beanlts.  Ifae/aq  in 

1:3:4.5      hard  eruflfafer*Tua  fimestone^ 1270 

1:3:4.5       soft  screened  **       1170 

1  :  3  :  4.5      washed  gravel  H  to  2  in 1050 

1:4:7         soft  screened  limestone 714 

.SJif      **  •'  "  \ 


1  :4! 


3.5  X   washed  gravel  H  to  2  in  J 


Gravel,  2/3 

Each  rssult  the  average 


.642 


19  e. 


Dirt  in  sand  and  aflrarr«frat« ;  coma  atrengrtli. 

sand  and  gravel  contained  apparently'  abt  10^ 


ftpecimens.     "Dirty ^^ 

dirt    which  had  the  appearance  of  containing  a  large  amount  of  iron. 


Results. 


Clean... 
Dirty... 
Dirtier. , 


With  sand,  tensile, 

90  days,  Ibs/QT 
1:1  1:2  1:3 

457  492  349 

627  541  430 

515  514  396 


With  gravel,  comp,  12*  cubes, 

28  days.  Ibs/cr 

1:2:5  1 : 2.5  : 5 

1097  838 

988  928 

1020 


80.  Edwin  Thaeher.  E  N,  '99,  Sep  21. 

80  a.  **  Several  brands  of  Port  oem  were  ixnproved,  in  tensile  strentfth. 
by  a  delay  of  from  1  to  4  hrs  betw  nUxinff  and  lajring^.**  Ransoms 

81     

81.  Geo.  IMT.  Rafter,  A  8  C  E.  Trans,  Dec  '99,  Vol  42,  p  104. 

81  a.  Tolame ;  coasiflrtency,  richness  and  proportion  of  mortar. 
Hpeetmems ;  544  12*  cubes,  broken  on  the  U.  S.  Govt  testing  maehiae 

at  Watertown,  Mass.     Port  cam;  sand,  86.5  to  93 Ji  Ibs/ou  ft;  agg,  braken 
•tone.    Cubes  abt  2  years  old. 

"Dry,''  only  a  little  more  moist  than  damp  earth; 

"Plastic,"  ordinary  consistency  used  by  masons; 

"Excess,"  under  moderate  ramming  the  cone  quaked  like  liver. 

*  During  the  first  part  of  the  28  days*  temp  fell  to  — 10^  and  —20*  F  * 
aftefw«rd„  tlwwiag  dtuabag  <tay,  f reeaing  at  night. 


iCoki  belieived  to  h»va  ratatdad  asttiM. 
»Mized  v«tl»aait^p»t«,  1  pi««  aalt  t^lO  <iftaiira«er. 
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F*r  abbrevtattons,  syoib^ls  ab4  r«0»reB«eB,  see  p  1251. 

S   —  vol  of  BMid      ID  mortar  to  1  vol  oem; 
M  -     ••    "  mortar "  oooe      "  i    "     - 

A       am        **      **    m0w  **         **  ci    «       w  •« 

C    »     «*    «*  cooe  made  with        1    "      ** 


Rcsaltii. 

% 

Volume 

g 

Mortar  -  : 

W%a« 

Mortar  - 

40%agg 

1 

Proportions 

Shrks 

Proportions 

Shrkg 

& 

S 

M 

A 

C 

t 

S 

M 

A 

C 

t 

D. 

1 

1^7 

4.74 

4.30 

9.3 

1 

1.64 

4.10 

3.82 

6.8 

P. 

1 

1.83 

5.51 

5.01 

9.1 

1 

1.66 

4.14 

3.82 

7.7 

K. 

1 

1.70 

5.11 

4.64 

9.2 

1 

1.70 

4.24 

8.97 

6.4 

D. 

2 

2.42 

7.29 

6.74 

7.4 

2 

2.44 

6.12 

6.89 

3.8 

P. 

2 

2.45 

7.28 

6.62 

9.1 

2 

2.50 

6.28 

6.83 

7.2 

E.      2 

2.36 

7.02 

6.36 

9.4 

2 

2.60 

6.47 

6.97 

7.7 

1). 

3 

3.15 

9.49 

8.78 

7.5 

3 

8.21 

8.03 

7.36 

8.4 

P. 

3 

3.30 

9.92 

8.89 

10.4 

3 

3.31 

8.23 

7.62 

7.4 

E. 

3 

3.25 

9.72 

8^ 

92 

3 

3.43 

857 

7.90 

7.8 

n. 

4 

4.18 

12.69 

11.75 

7.4 

4 

4.24 

10.71 

9.84 

8.1 

P. 

4 

4.28 

12.94 

11.66 

9.0 

4 

4.35 

10.96 

10.09 

7.9 

E. 

4 

4.37 

13.14 

11.78 

10.4 

4 

4.33 

10.84 

9.64 

11.1 

D. 

5 

5.04 

16.05 

14.29 

5.1 

5 

4.42 

11.25 

P. 

5 

5.00 

15.00 

13.66 

9.1 

5 

5.00 

12.50 

11.66 

7.6 

E. 

5 

5.06 

16.20 

13.QP 

10.5 

5 

5.24 

12.90 

91  b.  Density  of  eonerete;  thoro  rammiiiir. 

Vol  of  1  : 1  mortar.       Vol  of  rammed  cono,  approx, 


0.33  X  volofagg. 
0.40  X     


0.91  X  vol  of  am, 
0.93  X    ••    "  ^^ 


Portage   stone. 


21  e«  Benaltj'   of  anreyAte;    compactliiir-     ^   

broken  to  pass  a  2*  r^ng,  and  having  43.3  %  voids  when  slightly  shaken  in 
the  measure,  had  only  37.4  %  voids,  as  a  mean  of  5  trials,  after  being  packed 
in  the  measure  with  a  tamping  inon,  used  about  as  forcibly  as  in  ordinary 
ramnoii^  of  cone. 

89     

S9.  Ttmim  of  Metals,  '00,  pp  1109,  &e.    For  Coatractora  Plant  Co. 
82  a.  SpectmeiM;    Port  eem,  sand,  omshed  stone,  1:3:5.    Stone 
passed  thru  a  2^^'  ring^J>ieoee  passing  a  UT  ring  aereened  out. 

Av  hand-mlxt;  Mi  ana  €  mlxt  In  a  Mrtable  yrawltjr 
mixer  8  ft  long,  consisting  of  a  steel  trough  oontaining  numerous  rows  of 
steel  pins,  staggered.  Water  from  a  spray  pipe  strikes  the  mixer  about 
midway  its  length.  Henoe  cone  is  mixt  dry  m  the  upper  half,  and  wet  in 
the  lower. 

Stone  spread  evenly  on  a  platform  in  front  of  mixer 

Sand        *    top  of  stone 

Ccm        "         "  sand. 

Material  then  shoveled  into  mixer. 

B.  Allowed  to  form  a  eone-shaped  pile,  stones  aeemnolating   around 


•^i 


^.  Material,  as  diachaiiged,  levelled  oflf  with  hoe. 

12*  cubes;  beamsfrom  4'  X  6''  to  6'  X  6'  80*  span.    All.  2  days  in  air,  2 
mos  in  water,  1  mo  in  ar. 

^CoBsisteney:  D  —  dry;  P  «  plastic;  £  •«  excess. 

100  (A  ^  C) 
t  Shnakage  -  ^-r ' 


( 
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For  Direetory  to  Experimants.  Me  pp  1303-7. 

Resnlto ;  Cubes  Beants 

(Tomp  atreniT^h,  Ibs/O'  Rupture  modalus,  tbs/I?' 

max          av           min  max  av  min 

A           3516         3187         2930  454  414  367 

B           4451         4256         4041  564  625  450 

C           4380         4123         4019  536  451  348 

28    

88.  W.  H.  Henby,  Jour  AMOcEngSocs,  Sept  1900,  p  153. 
28  a.  Cinder  Conerete  loses  from  H  to  >^  of  its  streiiirAte  by  ha^ 
thoroly  wet;  but  fully  regains  its  strgth  upcm  being  dried. 

24     

84.  E.  Duryea,  Jr.  "Cement,"  Vol  2,  '01  See  E,  Thaoher,  in  A  S 
C  E,  Trans,  '05.  Vol  54.  Part  E.  p  447. 

24  a.  Finish. 

Tunnel  portals,  Los  Angeles,  Cal.,  two  ooats,  1  oem  :  4  sand  :  1  lime  psute. 
Showed  hair  cracks  where  finished  smooth. 

Pedestals.  Chicago  &  E  III  RR.  1  cem  :  1  sand.    In  good  oondition. 

Piers,  Arkansas  Kiver  bridge,  Kan  City  So  R  R..  two  coats,  1  oem  :  3  sand. 
one  coat,  1  cem  :  1  sand.     In  good  condition. 

1  cem  :  3  sand  :  1  lime  paste,  considered  best.  Exoeerive  trofreliac 
should  be  avoided.    Finish  snoula  be  kept  damp  for  two  weeks. 

25     

25.  Thayer  School  expts,  '02.    J.  B.  Molntyre  and  A.  L.  Tme. 

25  a.  Permeability.  97  expts,  specimens  10*  diam.  9*  high,  ^ 
pipe  inserted  V.  Pressurss,  20.  40  and  80  Ibe/Q'  (46,  92  and  185  Rheeds). 
2  nours.  All  specimens  with  from  30  .to  45  %  1:1  mortar  ware  imper- 
meable. Some  with  40  to  45  %  of  1 :  2,  and  some  with  1:2:4  and  1 : 2.5 : 4. 
were  impermeable  under  80  lbs.  1  :  2  : 4  or  1  :  2.5  :  4  recommended  for 
moderate  preesures. 

26     

26.  Brenlll4S,  **Exp6riences  sur  le  Ciment  Arm6,"  Ann  dee  Poota  et 
Chau8s6es,  '02,  p  181. 

26  a.  Corrosion  and  adhesion  In  water. 

Specimens;  4  slabs  36'  X  39.'  11.8'  thick:  respectively  1320.  1320. 
1760,  2200  lbs  Port  oem.  11.6  cu  ft  sand,  31.8  cu  ft  pebbles.  H'  to  1'  diam. 
Rods  %e'  diam,  placed  at  di£F  dists  from  the  surfs  of  the  slaba. 

Treatment;  slabs  placed  in  water  under  beads  of  40  to  50  ft  (17  to 
22  Ibs/CT)  which  were  transmitted  undiminished  to  the  centers  of  the 
blocks.  Pressures  relieved  from  time  to  time.  Treatment  maintained  for 
several  days.    Slabs  then  left  in  air,  exposed  to  weather. 

Results.  The  metal  was  found  perfectly  preserved;  but  ita  surf,  which 
was  bright  when  placed,  was  found  dull  when  expoeed  after  the  expt,  and 
adhesion  was  destroyed  where  the  water  had  circulated. 

26  b.  liUSter.  Bars,  with  bright  surf,  placed  in  cem  mortar  for  several 
days,  showed  dull  surf  after  removalof  the  mortar,  indicating  chemical  actioB 
betw  the  cem  and  the  iron.  It  is  probably  by  such  action  that  rust  is  re- 
moved from  rusted  bars,  placed  in  cem  mortar.  The  iron  salt,  formed  by 
this  action,  is  dissolved  by  the  water  which  penetrates  to  the  iron  aurfaee. 

26  e.  Oain  and  loss  of  weiirht.  Small  pieoes  of  sheet  iron, 
placed  in  cem  mortar,  gained  about  0.01  %  in  wt  in  76  days.  Subeequently 
placed  in  running  water,  such  plates  lost  wt,  indicating  the  solubility  of  the 
compound,  the  formation  of  which  had  increased  the  wt. 

26  d.  'rime;  adhesion.  Iron  plates,  35  X  70  X  5  mm  (1^  X 
2H  X  0.2  ins)  were  laid  upon  freehlv  laid  cone,  in  which  the  mortar  (500 
kff  Port  cem  to  1  cu  meter  sand)  flushed  to  the  surf.  At  diff  periods,  these 
plates  showed  av  adhesion  as  follows: 

2  7  12  17  23  27  days 

0.278        0.636  0.946  1.182  1.295  1.316  kg/sq  cm 

8.96  9.01  18.5  16.1  18.4  18.7  Iba/sq  inch 

The  results  of  Expt  26  d  were  not  materially  modified  when  the  moftar 
was  kept  in  the  sun,  or  mixt  warm  or  very  wet. 
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a«.  W.  Parrc*  Taylor,  A  S  T  M,  Vol  3,  p  376.  '03 

2t9  a.  Am  ;  soaniliieMk  Ayelnff  of  finely  ^ound  c 

ion  of  the  free  lime,  nearly  always  present,  rendenng  it  in 


EXPERIMENT  AND  PRACTICE.  1<51^ 

Wor  abbreTlations,  symbols  and  referenees,  see  p  1251. 

27     -^ 

97.  «.  T.  Skeels,  Aast  City  Engr.  Sioux  City,  Iowa.  E  N,  '02,  Nov  6, 
p  382. 

27  a.  Avs  of  2  and  4  briquets,  1  day  in  air,  14  ds  in  water.     Port  cem. 
Under  continuous  mlxlnfr  for  8  or  10  hrs,  neat  cem  mortar  lost  about 

>g  of  ita^tenslle  strength ;  1 : 2  lost  about  %. 

29    

S8.  nrhos.  S»  Clark,  Resident  Bngr  in  Chg  of  Construction  of  Man- 
hattan R  R  Power  Station,  New  York.     JB  N.  '02.  Jul  24,  p  68. 

28  a.  BotempcMniT ;  strenir^h-  Neat  nat  cem  mortar  mixed 
initially  with  28  %  water;  sand  nat  cem  mortar  with  14  %.  Retempered 
an  hour  after  mixing,  "enough  water  being  added,  as  in  practice,  to  briQg 
the  mass  back  to  its  orij^nal  consistency. '~  One  day  specimens  3  hours 
in  air,  the  others  24  hours.  Retempered  specimens  showed,  in  general, 
about  half  the  normal  strgth. 

Similar  results  were  obtained  when  the  cem  was  moistened  every  15 
min0  during  the  hour.  In  such  cases,  in  practice,  the  strgth  is  sometimes 
increased  by  adding  a  little  fresh  cem. 

Port  cem  mortars,  retempered  after  standing  an  hour,  failed  to  show 
marked  deterioration,  probably  because  Port  cem  sets  mora  slowly  than 
nat  cem. 

29 

'03. 
.  ^        ^  ^^        i  cem  permits  hydra- 

tion of  the  free  lime,  nearly  always  present,  rendenng  it  inert  and  preventing 
expanttve  action.  Specimens,  made  with  cem  one  wk  old,  were  unsound; 
but  J  as  the  age  of  the  cem  increased .  the  soimdness  of  the  specmiens  improved 
until,  when  the  cem  was  5  wks  old,  the  specimens  were  sound. 

99  b.  Fineness;  soundness.  The  larser  particles  of  coarsely  ground 
cem  are  not  readily  hydrated.  A  cem,  of  whicn  33  %  remained  on  a  No  200 
meve  and  13  %  on  No  100,  checked  and  cracked  in  the  boiling  test:  but 
became  sound  when  reground  until  all  passed  the  No  100  sieve  and  allowed 
to  season  for  2  weeks. 

SO     

50.  Frencb  OoTemment  Commission,  Beton  und  Eisen,  '03, 
Vols. 

50  a.  DuetlUty*  Cono  1:2:4.  Results  similar  to  Consid^re's 
(see  Expt  16  a).  I>uctiiity  greater  when  hardened  in  water  than  when 
hardened  in  air. 

SI     

51.  Chas.  lilst,  Assn  Eng  Socs,  Jour.  Mar, '03,  Vol  30.  No.  3.  p  128. 

51  a.    ££fect  of  sea  water  at  Gautemala,  Central  America. 

Hollow  piles,  in  sea  water,  filled  with  cone  in  which  sea  water  had  been 
used  for  mixing.  Some  of  the  mortar  leaked  out.  and  formed,  with  the 
surrounding  sand,  masses  of  cone  which  adhered  to  the  piles.  When  piles 
were  removed,  cono  was  found  perfectly  hard  and  adhering  tenaciously  to 
the  piles. 

Si  b.  Railway  bridge  foundation,  built  1895.  Lean  cone  mixt  with 
and  standing  in  braokisn  water.     Of  excellent  quality  in  '03. 

SI  e.  Bef^rlndln^^.  Cem  brought  from  Hamburs.  Germany,  in  bbls. 
Vessel  sprang  a  leak;  cem  considered  a  loss,  and  value  refunded.  Cem 
stored  under  the  floor  of  a  warehouse  with  open  sides  and  exposed  to  mois- 
ture of  ground  and  to  spray  from  sea.  Cem  caked  hard  enough  to  be  used 
as  foundations  for  wooden  posts  in  buildings.  This  caked  cem  was  broken 
as  fine  as  possible,  and  mixt  with  sharp  beach  sand  and  brackish  water. 
Cone  perfectly  hard  in  3  days  and  used  in  bridge  foundations  in  brackish 
water. 

32     

82.  Geo.  W.  liCe,  Jr.,  E  N,  '03,  Mar  19,  p  246. 

Flnlsli. 

82  a.  New  York  Central  R  R.  Forms  (2^  tongued  and  grooved  pine) 
coated  with  soft  soap :  openings  in  joints  filled  with  hard  soap.  Cono 
deposited  and  drawn  back  from  mold  with  a  square-pointed  shovel,  and  1  :  2 
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For  IMfCior^  to  Experiraenta,  see  pp  I80S-7. 

mortar  poured  in  along  the  molde.  After  removal  of  molds,  and  while 
eonc  green,  aurf  nibbeo,  with  a  dreiilar  motion,  with  pieeee  of  wUte  fire- 
brick, or  brieke,  of  1  cem  :  1  sand:  surface  then  dampened  and  pMntwi 
with  1  :  1  grout,  rubbed  in  and  finished  with  wooden  flo«t. 

.     S8     

SS.  Wm.  B.  Fnller,  A  S  C  E,  Trans,  '03,  Jun.  Vol  50,  p  454. 

SS  a.  Reinforced  Concrete  tnnk  at  filter  plant.  Little  Falls,  K.  J. 
10  ft  diam.  43  ft  high:  walls  15'  thick  at  bottom*  10"  at  top;  bmli  ie  8 
hours:  all  cono  placed  from  top,  thus  falling  43  ft  at  first.     Mixt  very  wet: 

Slaoea  5  cu  ft  (wheel-barrow4oad)  at  a  time,  and  merely  JQC|M  into  poai- 
on.    Tight  against  both  inflow  and  outflow;  intended  inauie  plaetoriag 
Inputted  as  unneeeaaary.    Surfs  smooth,  no  stonea  or  voida  ahowiag. 

S4     

34.  Prof.  C.  E.  Sherman,  E  N,  '03,  Nov  19,  p  443. 
84  a.  Clajr  and  loam;  Strengrih. 

Dyckerhoff  (German)  and  Lehigh  (American)  Port  eema,  with 
containing  from  0  to  15  %  of  clay  and  loam.    Stigth  in  ge 


created  materiaUy  with  the  percentage  of  day  and  loam.    With  10  and  15 
%,  the  atcgth.  at  12  mos,  was  from  15  to  50  %  greater  than  with  eleaa  mod. 

S9     

S9.  Teste  of  HetaU,  '04,  pp  345-387. 

85  a.  concrete  columns,  plain  and  reinforced ;  nltlnsnte 
eomp  stren9tl|.  s,  Ibs/sq  inch  and  elastic  modnlns,  E.*  Iba/sq  inch. 

Specimens.  Port  cem  and  sand;  agg,  pebbles  and  broken  trap,  H  te 
IH^and  cinders.  Cols  approx  12H^  X12W  X  8  ft.  Reinfordng  rods; 
*'Tw,"  H' twisted;  "Cr,"  6/8' corrugated;  •"fh."  H'Thaoher. 

Kesnlts.  Reinforecment 


Mix 

Agg 

Watert 

A 

<n 

.  No.db 
^  Kind 

%t 

a 

No, 

mos 

dayf 

0.001  E* 

1 
2 

1:1:2 

Pebbles 

42.5 

8 
7 

0 
28 

4Tw 
None 

1.46 
None 

2890 
1720 

2860 
2500 

3 

4 

1:2:3 

*• 

53.1 

7 
7 

28 
25 

4Tw 
None 

1.44 
None 

2010 
1769 

2S73 
2155 

5 
6 

1:2:4 

•* 

56.7 
•• 

3 
3 

13 
16 

4Tw 
4Cr 

1.43 
0.97 

1990 
2180 

1038 
2212 

7 
8 

.'! 

" 

'* 

3 
3 

14 
15 

4Th 
8Tw 

1.03 
2.86 

1990 
3160 

2315 
2500 

9 
10 

•• 

«« 

•' 

3 
3 

14 
12 

8Cr 
8Th 

1.94 
2.09 

2830 
2760 

3049 
3066 

11 
12 

!i 

•* 

** 

7 
3 

26 
17 

4Tw 
None 

1.45 
None 

1820 
1710 

2381 
2358 

'3 
4 
5 

„ 

Ci^r 

"wet" 

5 
5 
5 

10 
16 
16 

None 
4Tw 
None 

None 

1.45 

None 

1750 

2095 

871 

2809 
1404 
1000 

5 

7 

S 

.9 

1  :3:6 

Pebbles 
Trap 

74.4 
57.6 

7 
7 
5 
0 

24 
23 
10 

7 

4Tw 
None 
8Cr 
None 

1.44 
None 
1.94 
None 

1370 
462 

2290 
471 

1036 
1442 
3066 
2306 

—    s«    

86.  F.  E.  Tumeaure,  A  S  T  M.  Trans.  '04,  p  504. 
36  a.  IHictlllt^.     Reinfd  cone  beams.     Unit  stretch  of  cone,  on  first 
Appearance  of  cracking,  0.00010  to  0.0(X)35,  made  up  of  stun  of  many  small 
cracks,  appearing  when  stress  in  steel  >  5000  Ibs/Q*.     Plain  beams  rap- 
tured (without  preliminary  cracking)  with  equal  unit  elongation.    Tne 

*E  taken  betw  limits  of  comp  stress  as  follows,  Ibe/CT:  Noe  15  and  17. 
too  to  600;  16.  600  to  1000;  19,   100  to  471;  all  others,  1000  to  1500. 
t%  of  cem  by  wt  t%  of  4 
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For  ablnpeTiatlOBS,  Bymltols  mmA  reftoCBCea,  Me  p  1251. 

cra4skB,  corresponding  to  the  loweet  unit  stretches,  were  invisible  on  dry 
cone,  but  were  detected,  in  moist  eono,  by  the  appearance  of  narrow  wet 
atreaks  about  %"  wide.   A  little  later,  they  showed  as  dark,  hair-like  cracks* 

S7     

57.  Prof  BaoMl^Bcer,  "Baton  und  Eisen,"  '04.  Vol  IV.  p  198. 
S7».  Corrostoa;  adhesion. 

Fragments  of  reinfd  cone  plates,  broken,  in  testing,  '87:  expooofl 
oatdoora  until  examined  in  '92.  Adhesion;  eono  broken  on  b^r  hammer 
blows,  breaking  only  in  immediate  vicinity  of  blows.  Ck>rroBon;  steel 
rust-free,  even  cloee  to  the  exposed  surfs  of  fracture. 

S7b.  Tank,  injured  by  roaffh  treotment;  cracked;  reinfrat  laid 
bare  in  places.     Rust  only  where  so  exposed.     Adhesion  as  in  37  (a). 

37  e«  Fragments  of  Monier  plates  6  to  8  cm  thick.  Exposed,  at  inter- 
vals for  about  4  yn,  to  sewa^e-pollated  water.  Cone  remained  hard; 
reinfmt  rust-free  1  cm  from  exposed  surface ;  adhesion  excellent. 

S8     

58.  A.  KlelnlofpeL  Beton  und  Eisen,  '04.  Vol  2. 

SH  a.  DuetiUtjr.  Reinfd  cone  beams  15  X  30  cm.,  220  cm  long. 
1:1:2,  cem,  sand,  limestone  screenings.  Kept  under  moist  sand  6  mos. 
Bendg  mom  constant  thruout  measd  portion.  Unit  stretches  in  cone; 
reinfcT  0.000148  to  0.000196;  plain.  0.000143. 

S9     

59.  Clarenee  Coleman ;  Report,  Chf  of  Engrs.  USA.  '04.  Part  IV. 
Universal  Port  cem  made  from  blast  furnace  slag. 

Av  tensile  strgth,  Ibe/Q* 


891 


1:3 


1;3 


Cem  in  ff(KM^  ccmilition Q 

Cem  e.icpa«ed  ia  sau^ka  to  danip-^ 

ncita  .-.■...^^*.n**+4^>*<*»** !•+*»♦. ■♦+-*-►  Q 
Caked  tuird'  Not  set.  RjegmiLnd  Q 

90  b,  I 

Cem  nM  riH»iv>e<i  on  Worka   *.,...** J Q 
Cem  tkh^ar  4  to  LO  iiui^  ici  sacks  In 

wuriphoiifie^ ..^.^,^»*.*..***Q 

Co  DC  bund-ml  ml  cm  ploit  rorm  t  S 
Cone  mixC    in    ctibieat    bnlfb'' 
mixer  I  (  ................... ,„^.„,„.  S 

ao  a.  I 

Am  In  InborHt^y,  24  boiirfl  in' 
dan^p  ("loi^t^  then  immenwd' 
uutil  broken  ^ .►.......*». ,. 3 

An  on  work,  10  dnyf  uDd«ri 
diunp  doth,  then  in  lur  untili 
broken^.... *„„*...♦**........,  S 

a9«.  ' 

8.2o  %  watCT**. «^^.^'S 

9.25  %  wiitef  •*.............. S 

39  r.  I 

PebbltHi  \itt  to  ^inch  ............  S 

Prblil^M  fi  to  %  hicn  .„,„.,*.**,  S 
99  IT.  I 

Clean  fland ...,.......,>,k.  Sft  1:3 

8ar>a  with  inmll  %  rlay-..„„.     ^n  1?3 


Sand*  Mix   Watert^    7 
da 
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12.6 


12.5 
12,5 
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LOOt 

lU7t 

HaO'Riuidom  134 

I  ' 

1:10  Raadgm  2ii3 
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I;lO'R*adoiii262 
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hlO  Random^232 


11:3 

,1:3 


IlilD 
ililU 


8.25 

9.25 


I 


254 

!44 


I 

Runflota  164 
Eaxidi>m  184 


8.25 
S.25 


res 
iss 


289 
317 


275 
314 


259 
272 


*Q  —  Standard  crystal  quartz. 

S  —  Superior  Entry  sand;  passingsieve No.  4       10      20     30     50 

%  100   72.3  46.1  26.5    5.1 

I  Relative  strgths.  t  Briquets  made  of  cone  taken  from  the  works. 

A  batch  of  very  perfectly  mixt  cone  in  80  sees. 
Cone  taken  from  mixing  platform      Stones  larger  than  ^i"  removed. 
**  in  order  to  approx  working  conditions,  the  mortar  was  allowed  to  stand 
30  mins  longer  than  under  ordinary  treatment. 
ttPassing  No  10  sieve.  tt  Water  in  pereentage  of  dry  agg 
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iO^^  CONCRETE. 

For  Btreetory  to  Experiments,  aee  pp  1303-7. 
_____ 

40.  Prof  Clias.  I«.  Norton,  E  N,  '02.  Oct  23,  '04,  Jan  14. 
Corrosion.     Several  hundred  briquets  of  various  mixes  and 

encies.  with  steel  imbedded,  subjected  to  air,  steam  and  carbonic  acid. 

40  a.  Steel  elean  when  Imbedde^l.    3  wks  exposure. 

Steel  perfectly  protected  by  neat  cera  in  all  oases,  and  where  the  mortar 
was  mixt  wet,  so  as  to  cover  the  steel  with  thin  grout. 

In  cone,  rust  found  only  where  voids  or  other  defects  existed. 

40  b.  ftteel  runted  when  Imbedded.  1  to  3  moe  expamire. 
Changes,  in  size  of  steel,  occurred  only  where  cone  had  been  pooriy  applied. 

41     

41.  John  S.  Sewell,  on  Baltimore  fire,  E  N,  '04,  Mar  24. 

41  a.  Resulta.  "Concrete  imdeigoes  more  or  less  moleevlar 
ehangre  in  fire;  subject  to  some  Bpalllnir*  Molecular  change  very  alow. 
Calcined  material  does  not  spall  off  badly  except  at  exposed  square  corners. 
Eflieleuey,  on  the  whole,  is  high.  Preferable  to  commercial  noUow  tllea 
for  both  floor  arches  or  slabs,  and  col  and  girder  coverings." 

41  b.  Reinfd  cone  cols,  beams,  s^ers,  and  floor  slabs,  at  least  as  de- 
sirable as  steel  worh  protected  with  the  best  oonunercial  h<^ow  tiles. 

41  c.  ^*  Stone  cone  spalls  worse  than  any  other  kind,  because  the  pieoea 
of  stone  contain  air  and  moisture  cavities,  and  the  contents  of  these  rap- 
ture the  stone,  when  hot.  Gravel  is  stone  that  has  had  most  of  these 
cavities  eliminated  b;j^  splitting  through  them,  during  long  ages  of  exposure 
to  the  weather.     It  is  therefore  better  than  stone  for  fire-resisting  cooc." 

41  d.  *'  Broken  bricks,  broken  slair*  ashes  and  ellnker  all 
make  good  fire-resisting  cone." 

41  e.  ^'  Cinders,  containing  much  partly  burned  coal,  are  unsafe,  be- 
cause these  particles  actually  bum  out  and  weaken  the  cone.  Locomotive 
cinders  kill  the  cem,  besides  being  oombustible.  Cinder  concrete  ia  safie 
only  when  subjected  to  the  most  rigid  and  intelligent  supervision;  when 
made  properly,  of  proper  materisls,  however,  it  is  doubtful  whether  even 
brickwork  is  much  superior  to  it  in  fire-reeisting  qualities,  and  nothing  is 
superior  to  it  in  lightness,  other  things  being  equal." 

42     

42.  Emlle  I^w,    A  S  C  E,  Trans,  June  '04,  Vol  52.  p.  06.     Buffalo 

Breakwater. 

42  a.  ShrlnkaiT®- 

Cement 268  ou  yds 

Sand 365 

Pebbles 1175 

Broken  Stone 972 

Total  Materials 2770        " 

Blocks  made 2064 

Shrinkage 716        "     -26.8% 

48     

4S.  Alex.  B.  MonerleflT,  Engr  in  Chief,  South  Australian  Govt 
Letter  to  authors,  June  7,  '04. 

43  a.  Permeability. 

Specimens.  Cone  blocks,  2  ft  cubes  (8  cu  ft),  for  expta  in  conneetioo 
with  construction  of  Barossa  dam.  Ingredients  same  as  used  on  dam. 
Agg  %*  to  2*,  with  varying  voids.  Preparation  of  aggs  very  carefully 
watched. 

Treatment.  Water  brought  to  cen  of  block  in  H'  wrought  iron  pipe 
terminating  in  a  T  piece,  wrapped  with  hemp  which  formed  a  bulb  abt 
4'  diam. 

Results.  All  the  blocks  became  practically  tlyht.  Cone 
used  in  dam  ''was  based  upon  the  results  of  the  expte  principally  with  bloeb 
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Cem.  Sand 
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1 

1.84 

6.26 

16.66 

5 

2 

1.84 

5.26 

15.45 

6 

3 

1.50 

4.63 

16.04 

6 

4 

2.00 

4.50 

16.04 

15 

5 

1.75 

4.13 

16.65 
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For  abbr«Tiatton»,  aymbola  and  refereuees,  see  p  1251. 

N^os  7  and  8."    There  is  "practioally  nothing  that  could  be  called  a  leak" 

thru  the  dam.* 

Q    —  vol  of  mudng  water,  %  of  volume  of  cone; 

■V  _x  1  /w\  vol  of  mortar  —  vol  of  voids 

Jl  —  excees  mortar  ••  100  i — j — ;-j ; 

vol  of  voids  ' 

A   =  age  of  block,  in  weeks,  when  subjected  to  pres; 

/     —  interval  in  mins,  betw  application  of  pres  and  Appearance  of  water 
on  surf  of  block; 
Head  -  100  ft  -  43.4  Ibe/D.'     Under  200  ft  (86.8  Ibs/Q')  "the  effect 
closely  resembled  the  results  obtained  from  the  head  of  100  ft." 

Observed  Leakage* 

A         I  Mean  rate 

%  Weeks  Mins.        Pints      U.S  gals/mo 

11  t  t                        t 

11  34  ^in  7wks.  0.065 

10  18  %o  "  4  "  0.005 

10  14  14  "  2  "  4.000 

9  12  27  "  7  "  2.353 

6  1       1.50    4.12     16.04     10         8  35  %o  "  2  *'  0.006 

7  1       1.60    3.90    14.26     12.6      6  28  J^    "  2  "  0.037 

8  1       1.50    3.70     13.68     15  .       6  30  V^  "  2  "  0.006 

44     

44.^  Edwin  Thacher,  A  S  C  E,  Trans,  '05.  Vol  64,  pp  425.  Sec. 
44  a.  Effect  of  cold.  Melan  arch  brldf^e,  at  Mishawaka,  Ind. 
3  spans,  110  ft  each,  built  in  temps  ranging  from  0°  to  66*^  F.  Hot  water 
admitted  to  mixer.  Cone  laid  at  blood  heat;  warm  enouA^  to  melt  snow 
48  hours  later.  Center  arch  completed  with  temp  about  25°  F.  The  next 
day.  temp  fell  to  0°  F.  Two  wks  later,  an  ice  jam  carried  out  the  centering 
and  left  the  arch  an»nj>ported.  No  bad  effects  observed;  settlement 
but  little  greater  than  with  the  other  arches,  centering  under  which  was 
removed  later  and  in  the  usual  way. 
44  b.  Finish. 

Bridge  at  Oconomowoc,  Wis.  Mortar  face,  1  cem  :  1  granite  screenings 
:  1  torpedo  sand.  On  the  second  day  after  completion,  molds  removed  and 
surf  rubbed  with  a  soft  stone  and  water. 

Inman  arch.  HohensoUern.  1  cem  :  6  broken  limestone.  After  setting 
12  hrs,  the  loose  cem  was  removed  by  water  and  brushes. 

Pacific  Borax  Co's  factory,  Bayonne,  N.  J.  Finished  to  represent  coursed 
ashlar,  by  inserting  wooden  strips  in  the  molds  and  dressing  the  faces  with 
a  pneumatic  hammer.  One  man  could  dress  from  300  to  600  sq  ft  in  10 
hours  by  machine,  100  to  200  by  hand.    Good  effect. 

"Mr.  Cummings  produced  a  Kood  finish  by  going  over  the  surf  with  a 
wire  brush  while  the  cem  was  still  green. " 

Utica  &  Mohawk  Valley  Ry  viaduct,  Herkimer,  N.  Y.,  and  viaduct  over 
rys  at  Jacksonville,  Fla.  "A  very  superior  finish."  For  a  hard  wall,  wet 
the  surface  and  apply  a  thin  1  :  2  mortar  with  a  brush.  Rub  surface  with 
a  piece  of  grindstone  or  carborundum,  removing  board  marks,  filling  pores 
and  producing  a  lather  on  the  surf.  Go  over  this  lather,  before  it  dries, 
with  a  brush  dipped  in  water. 

For  a  green  wall  (molds  removed  in  less  than  7  days,)  use  a  thin  grout  of 
neat  cem,  instead  of  the  1  :  2  mortar.     Remainder  of  process  as  above. 

Use  smooth  molds,  deposit  wet  cone  directly  against  them.     After  re- 
moving molds,  float   the  surf  with  a  wooden   float,  using  only  suflicient 
mortar  to  fill  the  pores  and  give  a  smooth  finish. 
44  e.  Corrosion. 

Chicago.  Iron  rods,  in  limestone  cone  slabs  which  had  covered  sidewalk 
vaults  for  8  or  10  yrs,  rust-free.     E.  L.  Ransome. 

♦  See  H  4,  p  1271.  Digitize<t  Unr«liabl<ie 
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For  ntrvetory  to  Experimaata.  Me  pp  1908-7. 

Obelisk.  Ceiltral  Park,  New  York,  small  pieoe  of  iron  set  in  mortiir  takoa 
from  the  base.  Brii^ht  after  2300  yrs.  Iron  drift  bolts,  from  bed  of  cone 
at  a  lishthouse  in  the  Straits  of  Mackinac,  rust-free  20  years  after  laying 
Wm.  Sooy  Smith. 

Osage  River  bridge.  Mo.,  Iron  cyl  piers  filled  with  Louisv  cem  limestoae 
oono.  Iron  abeoltttely  free  from  rust  after  7  yrs  service.  Albert  A.  Tio* 
eon.  E  R,  Vol  38,  p  273. 

Steel  rods,  sheet  steel  and  expanded  metal,  embedded  in  oono  blocks 
8*  X  3^^  X  8',  and  unprotected  steel,  all  endoeed  in  tin  boxes,  and  exposed, 
for  3  wks,  one  portion  to  steam,  air  and  carbon  dioxide,  one  to  air  and 
■team,  one  to  air  and  carbon  dioxide,  and  one  to  atmosphere  of  testing  room 

Coneluaioiui : 

Cone  must  be  dense,  and  be  mixt  wet.    Neat  cement  a  perfect  protection. 

With  cinder  cone,  corrosion  due  mainlv  to  iron  oxide,  not  to  sulfur. 

Cinder  oono,  if  dense  and  well  rammed*  about  as  good  as  stone  cone. 

Steel  must  be  dear  when  imbedded. 

Steel  must  be  coated  with  cem  before  being  imbedded.  Otherwise  there 
will  be  more  rust  than  steel  in  the  result.  Prof.  Chas.  L.  Norton,  Rep  Now 
2,  Ins.  Engng  Expt  Sta.,  Boston, 

Grenoble,  France.  Reinfd  cone  water  main«  Monier,  12*  diam,  1  %»* 
thick,  steel  framework  of  H  and  Me'  steel  rods.  15  yrs  in  damp  ground. 
Adhesion  perfect.    Metal  absolutely  free  from  rust. 

Berlin.  Reinfd  cone  retaining  wall.  After  11  yn  use,  metal  found  free 
from  corrosion,  "except  in  some  cases  where  the  rods  were  within  0.3  or 
0.4*  from  the  surf."  CfiFect  of  the  cone,  in  preserving  metal,  not  due  to  thm 
exclusion  of  sir.  "Even  tho  the  cone  be  porous  and  not  in  contact  with 
the  metal  at  all  points,  it  will  still  filter  out  and  neutralise  the  carbonic 
acid  and  prevent  corrosion."  S.  B.  Newberrv.  E  N,  Vol  47, '02,  Apr  24,  p  335. 

Links  from  anchorage  of  a  suspension  bridge  partly  built  by  Rootling 
in '55.     Removed '75.     Perfect.     G.  Bousoaren,  £  R,  Vol  38,  p  253. 

Niagara  suspension  bridge  anchorage.  No  rust  where  limestone  was  not 
in  contact  with  metal  and  where  no  movement  had  taken  place.  Pevfed 
after  25  yrs.    L.  L.  Buck. 

45    

45.  Wm.  B.  FvUer,  A  Treatise  on  Concrete,  by  T  and  T,  '06. 
45  a.  Moisture ;  eflRset  of  tamplnfr  s 

Moisture Dry  6%      Saturated 

Reduction  of  vol,  %.  by  tamping 9.6  18.8  8.8 

Max  volume  in  sands,  when  water  is  betwn  5  %  and  8  %  by  wt. 

45  b.  Voids,  between  apiierea  of  uniform  diam  ("large  masses  ol 
equal  sised  marbles")  could  not  be  reduced,  by  pouring  and  tamping  inte 
a  vessel,  to  less  than  44  %  of  the  mass.    See  1  30,  p  1241. 

4«    

4«.  Natiouai  Fire  Proteetion  Aaui,  Rept  of  Gomm, '06. 

46  u.  Fire  tests. 

Speeimens.    Beams  8'  X  11 H'  X  0  ft,  each  with  3  plain  round  steel 
rods,  6  ft  6'  long,  imbedded  1',  2^  and  3'  from  bottom  of  beam.     Port  cem. 
Aggregates  Mixtures  Voids,  % 

Screened  coarse  gravel 1:  2:3,     1:  2.5  :  5,     1: 3J> :  7  35 

Umestone,  <  IH* "  "  "  42 

Scraened  red  granite,  <  1 H'- —        "  "  "  40 

Ordinary  dnders 1:2:5,      1:2:6  .... 

Wet  mix.    Specimens  45  to  48  dasrs  old. 

Treatment.    3  hours  in  furnace;  temps  1900^  to  2000^  F. 

Besults. 

46  b.  ConduetiTitV'  was  lowest  in  the  einder  eooei^te  and  in  tfat 
rielier  cones.     Otherwise  materials  had  no  important  ^ect. 

46  c.  Streujrtli  of  rods  impaired  25  %  at  770**  F.  Av  timt 
veqd  to  reach  770*";  1'  imbedment,  Ih;  2',  2  hs;  3%  2.5  hs. 
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F*r  wMibvmrimtimmmt  mywaJ^mUm  maA  fffwwea,  see  p  1261. 

46  d.  <k»iic  did  not  break  or  ehlp  under  fire;  but  lost  praeti« 
eally  all  sirgih  to  &  depth  of  4'  from  sides  and  bottom,  and  softened  per- 
oeptibly  thruout.  The  oem  and  most  of  the  stone  were  thoroly  calcined  at 
surf,  and,  to  a  diminishing  extent,  to  a  depth  of  4".  In  all  eases,  a  little 
orator  appeared  in  cracks  running  across  the  beamst  especially  with 
the  richest  mixturss  and  with  temp  at  212°  F. 

49  e.  Reeommeadatloiifl.  Materials  shoiild  be  well  mixt,  wet, 
by  maohinw,  and  weU  tamped.  Imbedment  should  be  <  2*;  in  important 
cases.  3'. 

47    

47.  John  H.  4|aiiftton2U.  S.  GeolSurv,  "ExptsonSteel-conc  Pipes 
on  a  Working  Scale,"  U.  S.  Water-Supply  and  Irrigation  Paper  143,  '05. 

47  a.  Permeability.  To  determine  availability  of  such  pipes  under 
pres,  for  U.  S.  Reclamation  Service. 

Speeimens.  Seven  reinforced  hand-mixed  cone  pipes.  5  ft  diam,  6' 
thiok,  20  ft  long;  each  made  in  one  section;  one,  same  dimensions,  in  4 
sees.  Skilled  workmen.  In  3  of  the  7  pipes,  and  in  3  of  the  4  sees  of  the 
8th  pipe,  lime  was  used  in  the  mixture. 

The  pipes  varied  greatly  in  texture.  One  of  them  "seemed  to  be  of  a 
crumbly  nature,  and  it  would  have  been  easy  to  cut  a  hole  through  it." 
Another  was  "exceedingly  hard." 

Treatmeat.  The  pipes  were  tested  with  and  without  inside  linings  of 
oem  and  sand,  etc,  with  and  without  lime  paste.  The  Sylvester  soap-and- 
alum  wash  (p  928),  P  and  B  waterproof  paint,  and  other  paints  were  tried; 
and  clay  was  stirred  up  in  the  water  within  the  pipes.  Pressures  up  to 
70  Ibs/Cr  -  161.5  ft.  head. 


47  b.  In  spite  of  all  precautions,  the  pipes  leaked,  especiaUyalong  tamping 
seams,  lieakagre  decreased  gre^tij  under  prea,  as  percolating 
water  filled  the  pores  with  laitanoe;  but  in  the  mean  time  the  leakage  may 
be  sufficient  to  damage  foundations  of  pipe. 

47  e.  Dry  mixturee  gave  the  more  permeable  cone. 

47  d.  With  carefully  yradcd  grmw^lm^  it  was  found  difficult  to  secure 
uniform  diatribatiOB  of  the  diff  sixes. 

47  e.  Keep  eoae  iikaded  while  mixing  and  placing. 

47 1,  Interruptions  to  work  are  least  dangerous  with  wet  mixtures. 
in  t^uwping,  avoid  dlspiaeemeiit  of  reialoreemeiftt. 

47  y.  Make  reinD^reemt  strong  enough  to  protect  cone  against  ten- 
sile stress. 

47  ii.  Soap  and  alnm  mixture  of  advantage  in  making  cone;  but 
^'  plaster  lound  advisable  on  inside,  in  two  coats,  the  first  with  lime  paste, 
to  retard  setting;  the  second  (implied  when  the  first  is  dry)  to  be  troweled 
smooth.     When  dry,  apply  thicic  neat  cem  wash. 

47 1.  Reinfd  oonc  pipes  not  recommended  for  heads  over  70  ft  (30  lbs 
/a*).    For  short  dists,  special  precautions  may  justify  100  ft  (43  Ibs/Q*). 

47  k.  Cone  pipes  liable  to  eraek.  especially  along  tamping  seams; 
but,  even  if  cracked,  probably  drier  and  more  durable  than  other  kinds. 

47 1.  When  the  pipes  were  broken  up,  rust  appeared  upon  only  1  rod. 
which  was  rusted  all  around  for  a  length  of  about  1  H'.  where  a  large  and 
long-continued  leak  had  occurred.  The  pipe  had  been  lined  with  a  mortar 
containing  sal  ammoniac  (ammonium  chloride)  and  iron  filings. 

48    

48.  Considere.    Beton  und  Eisen.  '05,  Vol  3 

48  a.  Buetllity. 

Bpeeimens.  Mixture,  400  kg  Port  cem,  0.4  ou  m  sand,  0.8  ou  m  lime- 
stone screenings.  Beams  15  X  20  em,  3  m  long.  Tension  side  reinfd  with 
2  iron  bars  16  rank  round,  and  3, 12  mm  rd.  Bendg  mom  constant  thruout 
measd  length. 

Treatment.    One  beam  kept  in  water»  one  under  damp  sand.    6  mos 
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For  IHreetory  to  Expecimento,  see  pp  lilOS-7. 

Kesnlto.    Max  unit  stretches 

kept  under  water 0.00107 

7      damp  sand 0.O005O 

Mo  cracka  diBCoverea,  altbo  the  aurt  was  smoothed  with  cem. 
Streiti^tli  unaffected. 

49    

49.  B.  Feret,  "A  Treatise  on  Concrete,  Plain  and  Reinforoed,"  by 
Taylor  and  Thompson,  '05. 

49  a.  The  injurious  action  of  sea  water  is  due  chiefly  to  the  solffterle 
acid  of  the  dissolved  sulfates;  hence,  the  cem  should  contain  as  Uttlc 
gypsum  (lime  sulfate)  as  possible.  Port  cem  shoiild  be  low  in  aluminum 
and  in  lime.  The  presence  of  puzsolanic  material  is  advantageous.  The 
fionc  should  be  dense  and  impervious. 

00    

50.  Prof  Ira  H.  Woolson,  Report  to  Astoria  Lisht,  Heat  and 
Power  Co.,  '06. 

00  a.  Character;  utrenytli. 

Strangtha  in  Ibe/O* 

Tensile  Comprssshre 

Port  Cem,  1:2:4.         * »  * • . 

Max      Av       Bilin  Max      Av      Min 

Sand  &  broken  limestone ......  176       161       153  2000     1753     1441 

Crushed*  Sc  broken  limestone  282       104      138  3400    2449     2040 

00 
mesh 

on  ^'^  screen,     uonc  uunpi  wee  in  moios,  i 
Air  dried  4  to  7  wks.    Results,  see  50  a. 

51    

01.  Prof  B.  C.  Carpenter,  Cornell  Univ.  Sibley  Jour  of  Eng'c, 
Jan,  '05. 

01  a.  Retardation  of  setting;  syiisum  (lime  sulfate)  CsSO«. 
and  calclam  chloride,  CaClf  JBoth  ground  dry  with  the  clinker. 
Initial  set;  paste  bears  a  rod  Ms  iuoh  diam,  loaded  with  H  lb. 

Final  set;        %4 •*     1  lb. 

Time,  in  both  eases,  reekoned  from  time  of  mixing,  and  given  in  mins. 

Results.  Percentage  by  weii^tf 

0.0     0J>   1.0   1J>   2.0  2.5  3.0  3.5  4.0  5.0   6.0  7M 
Time  in  minutes 

Initial  CaS04  — 2        6  ...     80    24    29    30    27  28    27     19  18 

CaCla 2     115  160  167  127  103     46    97  . .     73     68  . , 

Final  CaSO«  ...52      87  . . .  157  114    79    69    72  45    59    37  59 

•'     CaCla 52     274  272  234  212  180  182  185  . .   160  145  . . 

01  b.  E.  Candlot  (Ciments  et  Chaux  Hydrauliques)  found  that  eoncen- 
rated  solutions  of  CaCls  (such  as  100  to  400  grams  per  liter)  accele* 
rated  setting  and  hardening. 

01  c.  Addition  of  slaked  lime  to  a  cem  containing  gypsum  which, 
ridth  time,  has  lost  its  retarding  effect. 

Initial,  mins  Final,  mina 

2  %  gypsum,  no  lime 12  15 

••       '^  +  5  %  "  120  300 


2  to  5  %  of  lime  Is  useful  in  this  respect,  but  not  without  the 
The  lime  does  not  diminish  the  strgth. 

02    

53.  Jas.  C.  Hain«  Chic,  Mil  and  St  P  Ry.    E  N.  '04/Apr  28,  p  413 
E  R,  '05,  Jan  28.  p  103.    Sand;  slse  and  cleanliness. 

•%;crusher  »creemnM;  87  %  past  H' neve,  40  %  past  %'  aiers, 
1 1  %  -  about41bsCaCl,toabamao£Port9p^,^(^OOgle 
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For  abbrevlJitioiis,  symboli  and  ref«remec«,  see  p  1251. 

Speelmeifts. 

58  a.  Impare  Bands. 

1  : 3  Port  cem  mortars,  made  with 

(a)  sand  of  smooth  rounded  quartz  grains,  mixt  with  larger  fragments 
of  limestone  aheUs,  92  %  i>a8t  No  24  sieve,  28  %  past  No  50; 

(b)  "St  Paul  standd  sand,"  54  %  past  No  24;  11  %  past  No  50; 

(c)  "Ottawa  standd  sand." 

Results: 

Relative  tensile  strgths  (a)  100;  (b)  137;  (c)  107.5. 

Sand  (a)  made  excellent  cone  m  a  draw-span  center  pier. 

1  : 3  Port  cem  mortars,  with  sand  contaimng3.2  to  15  %  clay;  strgths 
<  with  clean  sand.  With  nat  cem  1  :  3,  and  Port  1  : 2,  the  results  were 
generally  favorable  to  the  cleaner  sand. 

Sand  with  6  %  clay  gave  stronger  mortars  before  than  after  washing. 

Sands,  to  wmch  2  to  20  %  rich  loam  had  been  artificially  added,  gave 
mortar  testing  somewhat  irregularly  but  in  general  higher  than  those  with 
clean  sand. 

52  b.  Fine  sand,  with  clay.  A  sand,  all  passing  No.  100  sieve. 
93^  %  passing  No.  200  (therefore  finer  than  moet  cem.  see  Specfs),  and 
containing  12  %  clay,  gave  a  1  : 3  Port  cem  mortar  showing,  at  6  mos 
and  1  yr,  nearly  the  same  tensile  strgth  as  similar  mortar  made  with  "Ot- 
tawa standard  sand,"  but  the  mortar  was  weaker  at  shorter  periods. 

5S     

58.  Jas.  G.  Hain,  Engr  of  Masonry  Oonstn,  Chio,  Mil  and  St  P  Ry, 
E  N,  '05,  Mar  16. 

Oil.    Tests  by  «eo.  J.  Oriesenaner. 

9S  a.  A  neat  Port  cem  briquet,  2  yrs  old,  expoeed  to  occasional 
drippings  of  signal  oil.  began  to  disintegrate  in  10  mos;  out  no  recent  cone 
structures  were  found  perceptibly  injured  by  oil.  A  eonc  floor,  upon 
which  lubricating  and  lighting  oils  had  been  stored  for  6  yrs,  was  apparently 
unaffected.  Oil  penetrated  about  Vis'-  A  piece  of  this  floor,  in  oil  10 
mo8,  still  sound. 

5S  b.  Port  cem ;  neat;  1 :  3  sand;  1 :  3  limestone  screengs;  18  bri- 
quets each;  4  days  in  air.  Then  saturated  daily  with  signal  oil;  later 
lees  frequently.  Cracks  appeared  in  the  1  :3  specimens  in  2K  mos;  in 
neat  specimens  in  5  mos.    Ail  the  briquets  disintegrated  eventuially. 

OS  e.  Port  cem ;  54  briquets,  neat;  36  briquets  1 :  3  sand.  7  d  in 
air.  Then  saturated  daily  with  oil;  later,  less  frequently.^  Oils  used; 
extract  lard,  whale,  castor,  boiled  linseed,  crude  petroleum,  signal.  Cema 
made  from  limestone  and  clay,  marl  and  clay,  limest  and  slag.  Lard  oil 
diedntegrated  most  of  the  briquets  in  from  2  wks  to  2H  mos,  but  some  re- 
xnained  sound  for  9  mos.  Signal  oil  (animal  and  mineral  mixt)  had  nearly 
the  same  effect.  Whale  and  castor  oil  affected  onl:^  a  few  briquets;  while 
petroleum  and  boiled  linseed  disinte|Erated  no  briquets.  Petroleiun  di- 
minished strgth  somewhat.  Boiled  hnaeed  formed  a  protective  coating 
and  did  not  affect  strgth.  As  a  rule,  the  neat  briquets  yielded  first.  In 
general,  briquets  of  umestone  and  slag  yielded  most;  those  of  limestone 
and  clay  least. 

OSd.  Silica  cem;  neat,  1:1,  1:2,  1:3,  sand.  1  briquet  each. 
2  yn  in  water;  20  days  in  warm  air.  Signal  oil  2  yrs.  First  3  briquets 
aound;  1  briquet  (1:3)  disintegrating. 

OS  e.  Linseed  oil,  Sylvester's  process  (p  1220),  paraffine,  and  water  glaM 
(soda  silicate)  were  apphed,  as  coatings,  to  the  briquets,  but  ail  fwUled 
to  protect  them  against  the  action  of  the  oils. 

OS  t.  Rich  cone,  well  made  of  good  materials  and  well  set  and  sea- 
soned, is  best  for  resisting  oil.  In  practice,  cone  structures  are  rarely, 
if  ever,  saturated  with  ou,  as  were  these  specimens. 

94    

54.  Cbas.  A.  Mateiiam.  Nat  Builders'  Supply  Aosn,  E  R,  '05,  Apt 
16,  P  436. 
54  a.  CoiTOsion.  Pigiti,,^  ^^  L^OOg le 


1328  GONG&ETB. 

For  IMreetorjr  to  ExperimeatB,  am  pp  1808-7. 

fipeeimens  and  treatment.    6-mch  oodc  cubes*  3  jtm  old,  with  3* 

steel  cubes  embedded. 

Two  cubes,  with  nnpainted  3'  steel  cubes  embedded,  exposed  to 
mmmer  and  wiater  weainery  and  sometimes  covered  with  anoir  »■■#  iee. 

Results. 

Steel  aiilii\|iired.  Crushine  strgths,  2920  lbs  and  oTer  4166  Ibs/IT. 
One  6'  cube,  with  3'  steel  cube  (painted  with  metidlie  paint)  embedided, 

g laced   in  bottom  of   river.    Steel   uninjured.      Paint  <Hnapnciar>il. 
rushinc  strgth.  2907  Ibs/Q'. 

55    

55.  Prof  Ira  H.  WoolMn*    £  N,  »05,  Jon  1. 

55  a.  Absorption. 

Specimens.  8'  cubes,  1:2:4,  3  weeks  old,  kiln  dxied  13  days  at 
120^F. 

Part  with  sand  with  <  1  %  loam;  all  past  0.125'  screen  ;  75  %  psst 
20-me8h  sieve.  Part  with  H'  limestone  crusher  screenings:  87  %  i»ast  H" 
screen;  40  %  past  0.125'  screen;  sand  and  dust,  enough  to  fill  Totds.  Stone 
past  1 H'  nng. 

Besnlts. 

Av  absorption ;  4  houn,  2.87  %;  24  hn, 2.95  %;  48  hn,  3.33  %.  No 
marked  difif  betw  sand  and  sereenincs. 

56    

56.  W.  €.  Road,  Univ  of  Kansas.    E  N,  '05,  Aug  10. 
Clay  and  I^oam;  strenytli  and  absorption. 

56  a.  Port  oem  with  (a)  standd  Ottawasand.  1:3;  (b)  2  to  20  %  of  the 
sand  replaced  by  clay  or  loam.  At  90  days,  relative  strgths;  in  ceoersl: 
(a)  100;  (b)  94  to  125. 

56  b.  Up  to  6  or  8  %  clay  or  loam,  there  was  no  inerease  of  aboorptlon, 
with  loam;  and  about  10  %  decrease,  with  day.  With  kifr^or  pei^ 
eentayeSy  the  absorption  increased  somewhat. 

57    

57.  Ens  Hews,  '05,  Sep  28. 

57  a.  Permeability. 

Reinforced  concrete  cistern,  75,000  gals.  1:2:4,  Port  eem, 
river  sand,  gravel.  1'  layer  of  1  : 1  mortar  on  bottom.  Walls 
washed  with  3  coats  neat  cem  groat,  cream  consistency,  put  on  with 
whitewash  brush  after  walls  were  well  wetted.  Each  coat  dried  for  24  hrs. 
If  too  wet,  the  coating  crackt.  If  too  drv,  it  could  not  be  brusht  on.  For  a 
few  days  after  filling,  lost  ^e'  in  depth  per  day.  Perfectly  tight  since. 
Cistern  built  with  outside  air  at  temp  below  20*  F;  but  was  ooversd 
with  boards,  and  two  coke  salamanders  were  used. 

58     

58.  Prof  Ira  H.  Woolson,  E  N,  '05,  Nov  2. 

58  a.  Flow. 

Specimens.  Cols,  4'  diam,  12*  long,  formed  in  stael  tubes.  H*  to 
H"  thick,  and  allowed  to  set  and  remain  there  for  17  days,  when  the  oooe 
appeared  very  hard.    Cone  remained  in  tubes  during  tests. 

Results.  Under  loads  of  150,000  lbs,  the  cols  in  ths  stouter  tubes  wees 
merely  shortened  <  H";  but  under  loads  of  120,000  to  150,000  lbs.  the 
cols,  in  some  of  the  lighter  tubes,  were  bent  out  of  shape  and  shortened  by 
3  yi*t  their  diam  increasing  from  V  to  about  5'.  Upon  removal  of  (^  tubes, 
the  cone  toaa  found  unbroken,  eoUd  and  perfed  I 

59    

.  59.  J.  K.  BnoEton,  U.  a  Aast  Engr*    'Bj&pot^  '05-6.    £  N»  IN; 
May  14,  p  525. 
Corrosion  In  sea  water.     .  Digitized  by  L^OOgle 
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For  abbrerfations,  ayittbob  and  referemees,  Me  p  1251. 

09  wu  yi"  8t«el  rods  imbedded  in  4  cone  blocks  made  with  coral  sand  and 
broken  brick.  2  blocks  in  4  ft  of  sea  water;  2  in  a  dry  closet,  both  for  more 
than  a  yr.  The  rod  in  one  of  the  dry  blocks  showed  signs  of  rusting.  The 
others  were  as  bright  and  smooth  as  when  placed. 

«•  b.  30  blocks.  12*  X  12*  X  6';  Port  cem.  1:3:5,  broken  brick. 
Made  under  usual  working  conditions.  ^'  twisted  steel  rod,  8'  long,  in 
oen  of  each  block.  20  blocks  with  coraJ  sand,  10  with  ordinarv  quarts 
sand.  Half  of  each  placed  in  ocean,  half  in  air  without  roof.  Broken  after 
1  30-,  3  wks.  In  all  the  blocks  placed  in  the  ocean,  the  rods  were  found  in 
perfect  condition.    All  the  others  were  more  or  leas  rusted. 


•O.  Wm.  B.  Baldwia-Wlseman,  Instn  C  E  Procs,  '06,  Vol  163, 
p319. 

60  a.  Paddllniir  effect  of  water  flowing  thru  cono  discs,  13'  diam,  6' 
thick,  1:4  Port  cem,  crushed  iravel  passing  1'  ring.  Sp  gr  of  cone  2.23, 
140  Ibs/cu  ft.  In  wooden  molds  10  wks.  Water,  for  pres,  pumped  from 
chalk  formation,  hardness  reduced  from  18®  to  6**.  Air  temp  12**  to  15'  C 
-  54*  to  69**  P.  Pressures,  24  to  60  Ibs/Q*  -  55  to  139  ft.  Leakage  aa 
per  Fig  4.    Toward  the  close  of  the  expts,  small  stalaciitle  ir>^wtlui 
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Flff  4.    PuddUng. 

formed  on  bottom  of  test  piece,  and  leakage  was  absorbed  by  evaporation. 
Near  the  surf,  the  water,  under  nigh  pres,  dissolved  out  some  of  the  material, 
but  deposited  it  in  the  pores  farther  on,  where  the  pres  had  been  reduced  by 
passage  thru  the  block. 

61     

•1.  Banford  E.  Tlioiiipson.    A  S  T  M,  Procs,  Vol  VI,  1906,  p  379. 
•1  a.  Coiuilsteney :    effect   upon    density,'*'   permeability 
and  compreiislTe  sirenffth. 

Density  aiid  permeability  sx>ecimens,  21  days  old;  comp  strgth  qpeoimens 
5M  mos. 


A^] 


I  Portland  cem;  Newburyport  sand,  sp  gr  »  2.65;  trap,  sp  gr  -•  2.78. 
1  :  2.3  :  4.6  by  vol;  1  :  2  :  4  by  wt. 

<^iisuteneles  used.  Water,  %  1 

]>ry.  Like  damp  earth;  water  g^tened  on  surf  under  hard 
ramming 5.4 

Medlnm.  Looked  wet  when  mixed.  Did  not  flow  in  mixing 
box.    Slightly  quaking 6.9 

Wet . . . .  .T. . : .7: 9.2 

Tery  wet.  Like  thick  soup.  Settled  to  a  level  in  mixing 
box.  Required  scoop  shovels  for  handling.  Slightly  wet- 
ter than  usual  in  building  work 11.0 

Extremely  wet 13.7 


*  Density  •«  vol  of  solid  particles  in  unit  vol  of  cono. 
t  Percentage  of  weight  of  cem,  sand  and  stone. 
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For  IMroetorjr  to  Experimenta,  see  pp  1303-7. 


Besnlto.    See  Fig  6. 


Bw4 


5.4  6.9  9.2  ll.d 

WaUr,  Dementage  of  Dry  Materialt  InfWHgkL 

FliT  S*    Ck>iia8teiicy. 


1X7 


For  a  siven  oonsieteney,  the  pere«ata««  of  water  depends  upon  the 
nature  of  the  oem,  and  upon  the  sixe  and  dryneas  of  the  sand  srains.  A  fine 
sand,  or  one  with  many  fine  grains,  may  require  twioe  as  much  water  at 
coarse  sand  requires. 

61  b.  Elastle  nMidiiliuu  Twelve  12*  cubes,  deformationa  measd  ta 
5'  gaged  length.  Averagee  of  4  specimens,  1:2:4;  approx  1,  2,  6  and  17 
mos  old.  Drv.  4,450,000  Iha/Cf'.  medium.  4,200,000;  very  wet,  3,000,00a 
No  appreciable  increase  of  modulua  with  age. 

61  c.  Agre  ;  pormeabUity.  Blocka  teated  at  21  and  84  daya,  showed 
permeabiliUea  abt  aa  2  : 1.  Preasure.  80  Ibs/sq  in  ~  186  ft  of  water. 

61  d.  An  execMi  of  water  washes  out  fine  oem,  forming  ialtauaee. 
reducing  atrgth  and  increaaing  permeability.  TlUclineMi  of  i*itf»#* 
fonnation,  3^  in  very  wet  mixturse. 

61  e.  Mr.  TboinMon  eonelndes  that,  in  building  and  other 
reinfd  work,  the  cone  anould  be  only  wet  enough  *  to  flow  sluggiBhly  around 
and  thoroly  imbed  the  steel  and  permit  smooth  surfaces  against  the  fonns." 
and  that  medium  or  quaking  cone  ia  suitable  for  ordinary  maaa  cone,  such 
aa  foundationa,  heavy  walls,  large  archea,  piera  and  abuts. 

69     

62.  A.  Blaek,  E  N,  '06,  Aug  30,  p  236. 

62  a.  Cbaraeter  of  sand;  streng^tli  and  absorption. 
Specimens.  Pasaang  No 

170  neve. 

A,  cniahed  gneiss,  acreened  thru  H'  meah 90^  % 

B,  Cowe  Bay  sand,  much  used  in  and  about  New  York  . .  95.8  ^ 

C,  fine  clean  silicioua  aand 95.5  ft 

Besnlts.     In  7  and  28  days,  1  :  2  and  1 : 3  mortaxa,  A  and  B  gave,  is 

general,  from  20  to  50  %  greater  tensile  and  oomp  strenf^tlts  than  C.   In 
general,  the  stroniper  mortars  showed  the  hlg^ner  absorptions. 

68    

68.  Alex.  B.  Monerleff,  E  N,  '06.  Aug  30,  p  227. 

68  a.  Briquets  in  water  2  yrs,  in  air  7  days  and  in  oil  6  moa.  In  msnenL 
neat  eem  lost  from  0  to  36  9^  strgth,  while  3  :  1  gained  from  0  to  §5.5  ^ . 
by  air  drying  and  immersion  m  oil. 

68  b.  Briquets  in  air  7  daya;  then  6  moa  in  either  oil  or  water.  Tbe  nest 
oem  briqueta  m  oil  were  from  0  to  55  %  weaker  than  the  neat  eem  in  water; 
the  3  : 1  briqueta  in  oil  were  49  to  79  %  weaker  than  those  in  water. 

Digitized  byA~,OOgle 
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For  abbreTiatloiiSy  symboki  aiMl  referenees,  see  p  1251. 

•3  c.  Briguetfl  in  water  9  wks;  others  in  water  4  wka,  in  air  1  wk  and  in 
oil  4  wks.  With  few  exceptions,  the  neat  cem  briquets  in  oil  were  from  abt 
O  to  40  %  stronjser  than  like  briquets  in  water,  while  the  3  :  1  briquets  were 
from  abt  0  to  63  %  stronger  than  like  briquets  in  water.  Many  of  the  oil- 
treated  briquets  *  snappea  like  flint." 

64     

e4.  Prof  Arthnr  HT.  Talbot,  Univ  of  lU. 
'06.  Sept  1. 

•4  a.  Adbesion  and  ft-ietion.    '04. 

ilpeclmens  and  results. 

Mix,  1:3:6. 

Pull,  in  Ibs/D*  of  net  section; 

Elastic  limit,  in  Ibs/CT; 

Adhesion,  in  Ibs/Q'  of  imbedded  surf: 

Johnson  bars         Round  bars 


BuU,  Vol  IV    No.   1. 


Square  bars 

'     H'  H"'  '    %"  %"'  ^^'  >?  H^ 

Pull 71,412  34,500  31.500  21,500  35,656  26.510  20.860 

ElaeUm 60,000  58,300  42,500  40,500  45,000  33,300  35.000 

Adhesion 595  420         249  315         297  286  325 

With  all  the  Johnson  bars,  the  specimens  split  or  broke.  All  the 
plain  rods  slipped.  6  of  the  11  Johnson  bars,  and  4  of  the  11  bars  H" 
square,  were  "struck  6  quarter-swing  blows  with  a  10-lb  sledge,"  reducing 
their  adhesion  by  abt  5  to  20  %. 

Specimens. 

•4  b.  '05-6.  Cylinders,  6*^  diam,  6'  and  12*  long;  60  days  old.  Mixture 
of  Am  Port  oems,  tensile  strgth,  neat.  723  Ib/Q''  at  7  days;  1  :  3,  354  at  7 
ds,  533  at  75  ds;  ooarse  mortar  sand;  broken  limestone,  screened  thru  1' 
and  over  H'  screen.  Metal,  elas  lim,  Ibs/Q';  Mild  steel  (M),  Round, 
38.000;  Hat,  45,000;  Cold    rolled  shafting   (C),  87.000;  Tool  steel    (T). 


63,000 

. 

Results. 

Lba/D'  im- 
bedded surface 

No. 

Imbedded 

of 

length,   ' 

tests 

Steel 

Sise 

Mix 

ins. 

Adhesion 

Friction 

/ 

210 

f/a 

6 

M 

H'  round 

:  3  :  6.5 

6 

372 

0.57 

6 

<• 

" 

:2:4 

" 

412 

227 

0.55 

6 

" 

%'  round 

:  3  :  5.5 

** 

355 

227 

0.64 

4 

•• 

:2:4 

•• 

465 

297 

0.64 

3 

" 

H' round 

:  3  :  6.5 

12 

373 

268 

0.72 

4 

" 

'* 

:2:4 

" 

404 

266 

0.65 

3 

*• 

%'  round 

:  3  :  6.5 

** 

402 

228 

0.67 

3 

<i 

** 

:2:4 

** 

414 

223 

0.64 

3 

•* 

1*    round 

1 

3:5.5 

6 

125 

84 

0.67 

3 

C 

•• 

*• 

136 

67 

0.49 

3 

14'  round 

" 

" 

157 

50 

0.32 

3 

T 

H'  round 

1 

:3:6 

" 

147 

Rleb  ntlxtnre  jgenerally  superior.  Cold  rolled  shaftg  and  tool 
steel  generally  inferior,  owing  to  uniformity  of  sec  and  smoothness  of  surf. 

65     

65.  Jos.  W.  Ellms,  Chemist,  Commissrs  of  Water  Works,  Cincinnati. 
E  R,  '06,  Oct  27,  p  467. 

65  a.  Permeability. 

Specimens.  Port  and  nat  (Louisville)  cem;  Ohio  River  quartz  sand, 
clean,  rather  fine,  quite  uniform  in  size;  hmestone  screenings,  with  much 
very  fine  dust. 

H"  cnbes; 

Port  cem;  (a)  1  cem  :  2  sand,  10  %  water;  (b)  1  cem  :  I'sand  :  l.Msreeiw 
ingB,  11  %  water;  (c)  1  cem  ;  2  screenings,  14  %  watefized  byXjOOglC 

89 
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For  IMreetorjr  to  Expflrimenta,  ne  pp  130B-7. 

Nat  oem;  (d)  1  oem  :  3  sand.  16  %  water;  («)  1  < 
inffi,  16  %  water;  (/)  1  oem  :  2  aeraenings,  17  %  water. 

Mollow  <?jrlia4erfl;  6'  diam,  8*  long,  2*  hole;  Port  oem  and  saxkd. 
1  :  1.  10  %  water. 

Treatmeat.  Water  (clear)  brought  to  centers  of  specimens.  Cnbcs, 
1  day  in  air,  6  in  water.     Cjls,  1  d  in  air,  27  in  water,  4  in  air. 

RMOlte.  Leakage  past  thni  mortar  iWioTT  thick.  C«b«s  ;  under 
60  Ibe/D*  (116.  ft  head)  maintained  from  3  to  16  hrs,  little  or  no  water 
(max  —  0.16  gal /hour  per  Q  ft)  past  thru  the  Port  oem  cubea;  from  0^ 
to  2.40  gab/hour /D  ft  thru  the  nat  oem  cubes.  Portland,  lealca^e  became 
appreciable  at  60  to  75  Ibs/Cr  (138  to  173  ft);  nat.  at  16  lbs  (35  ft).  The 
1  :  2  sand  cubes  were  the  most  permeable.  ^jrliiMlerB,  16  to  30  Ibs/C' 
(36  to  70  ft){  leakage  0.00023  to  1.228  gals/hour/Q  ft. 

Leakage  diminished  very  noticeably  with  time. 

M     

•6.  W.  J.'Bonfflas,  Engr  in  Charfe  of  Bridgea  for Waah,  D.  C.  E  N,  '06, 
Dec  20,  p  649. 

66  a.  A  bridge,  painted  with  a  eeiB«Bi  ricli  In  fre«  IIbm* 

showed  af  terwara  a  mass  of  blotches  of  di£ferent  oolors. 

67    

67.  Prof  C  von  Bacli,  Zeitachrif t  des  Versins  Deutseher  Ineemeiaie, 
'95,  '97. 

67  a.  Relailon  betweea  vnli  atrotok  and  vnit  atroM. 
•'Poteaayeaeta*'  (Iaw  of  powers). 

Speeimena.  Cono  oytinders,  26  cm  diam,  1  m  long.  Defonnatioia 
meaad  on  a  length  of  76  cm. 

Treatment.  Load  of  8  kg/sq  cm  alternately  applied  and  released  until 
the  deformation  no  longer  increased.  Then  similany  with  10  ks/Q  cm, 
and  so  on  to  40  kg/Q  cm. 

Besnlta.  From  the  beginning,  the  deformations  inorsaaed  faster  than 
the  loads.    Let 

9    —  unit  streai  —  stxess  per  unit  of  croas-seetion  avsa; 

L  —  original  measd  length  of  75  cm; 

I    -•  reduction  of  L  under  compression; 

e    —  l/L  —  unit  deformation; 

e   —  a  coefficient,  depending  upon  character  of  material; 

m  —  an  exponent,  "  **  "  "         " 

Then,  e  -  Z/L  -  c .  ^      _ 

Approximate  Values 
»■■  ■■■.«■■.  t 

Mixture  1/c 


Cem 

Sand 

Gravel 

Stone 

Forsinkg/Qcm. 

1 
1 
1 
1 

2.6 
2.6 
3.0 
1.5 

6 
0 
0 
0 

0 
6 
0 
0 

296,000 
467,000 
316,000 
366,000 

Porsinlbe/cr.     m 
6,147,000  1.14 

0,940.000  1.16 

6,672,000  1.15 

6.781.000  1.11 

(1  /c  for  %  in  Iba/CT)  +  (1  fc  for  %  in  kg/Q  cm)  -  14.2234»». 

66    

68.  R.  C.  Carpenter.  A  S  T  M.  Procs,  '07,  Vol  7,  p  398.  I«lnacc4 
and  engine  oil ;  aonndneas  and  tenatle  atrenctliu  Neat  oem 
briquets,  some  with  2  %  of  linseed  or  of  engine  oil  addea  to  the  mixing 
water;  the  others  without  oil.     No.  of  briquets  not  stated. 

68  a.  Sonndneaa.  24  hours  in  moist  air.  Briquets,  mixt  without 
oil,  sound  after  8  dasrs  in  either  oil.  Briquets  mixt  with  and  withcwt  oO. 
remained  sound  after  boiling  for  3  hours. 
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For  abbreTiatloiui,  sjinbob  bmS.  r«f«rea«Mh  see  p  1251. 

68  b.  Tensile  •treairtl'* 

Oil  in  mix  Tenaile  Btrength,  Iba/n' 

1  day  7  days  28  aays 

None 430  696  743 

2%  Unseed 180  493  572 

2  %  engine 332  689  696 


•9.  K.  R.  Bsmett,  Inst  C  E,  Proce,  '07,  Vol  167,  p  153. 

•9  a.  Aetlon  of  soft  water  upon  limestone  eone.  Tblrlmero 
aqueduct,  water  supply  of  Manchester,  Ens.  Section  of  aqueduct,  made 
with  limestone  oonc.  Floor,  9*  thick,  reduced  about  H'  in  thickness, 
honeycombed,  eaten  thru  in  many  places,  and  leaking  badly. 

•9  b.  Samples  of  the  limestones,  from  which  the  cone  was  made,  were 
kept,  for  6  mos,  in  running  soft  water,  in  the  aqueduct,  and  were  found  to 
lose  wt  at  rates  ranging  from  6.8  to  18.1  %  per  year,  while  sample  blocks 
of  neat  and  1  : 1  Port  eem  mortar,  gained  5.5  and  3.6  %  respectively. 
Deg  of  hardness  of  water,  2.18. 

70    

70.  Prof  Ira  M.  Woolson,  AS  T  M.  Procs.  '06,  p  335;  '07,  p  404. 

Hlffb  temperatnrea  and  tbermal  eondnetlTlty. 

70  a.  Mixture,  1:2:4;  with  cinder,  1:2:5.  Cem,  an  equal  mix  of 
3  Portlands.  Sand,  sharp,  fair  qual,  "not  especially  clean";  90  %  past  a 
12-mesh  sieve.  Agg,  fair  quality  boiler  cinder,  with  most  of  the  nne  ashes 
removed;  H"  clean  quarts  gravel;  crusht  trap.  Hixt  moderately  wet; 
tampt  in  molds  until  water  nusht  to  surf. 


2)no| 


1,W0°  1^00* 

Tefnperature,  in  degrees  F. 
Figr  0.    Heat  Resistance. 

70  b.  "Bigh  temperatnree.    '05,  p  335.    Fig  6. 

Speeimena.  For  oomp  strgth,  4'  cubes;  for  elasticity,  prisma  6'  X  6' 
X  14*.  3  cubes  and  3  prisms  tested  without  heating;  3  cubes  and  2  prisma 
of  each  agg  (trap  and  hmestone)  at  each  temp. 

Besnits. 

70  e.  Blastie  nt<kinlns,  E.  For  E,  the  trap  and  limestone  curves 
nearly  coincided. 

70  d.  After  heating  to  2000°  and  2250°  F,  the  limestone  |Cubes.wpe&red 
sound  while  hot,  but  dlainteff rated  wben  cooled,    y  v^uog^. 
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Fo»  Bireetory  to  ExperimentB,  eee  pp  1903-7. 

70  e.  After  eooUny  from  750^  F.  both  trap  and  limestone  prisma 
were  covered  with  minute  cracks.  Under  higher  temps,  these  crackjs  in- 
creased in  number  and  in  size,  and  the  prisms  warped  and  diaintesrated 
after  cooling  from  1500°  F. 

70  f«  The  trmp  and  cinder  cono  specimens  remained  Boand,  while 
the  urs'aTel  cone  specimens  craeliLed  and  crumbled  in  pieces,  probabh 
owing  to  high  expansion  coefif  of  quarts,  and  to  the  fact  that  thia  coea 
in  one  direction,  is  double  that  in  the  perp  direction. 


Seated  Pace 


liJLi 


1^ 


900000 


FlfT  7.     Thermal  Conductivity.     Dimensions  in  inches. 


10      aO      SO      iO      50      60      70      80      90     100     110   120 

Trap, 
Vig  9.    Thermal  Conductivity. 

70  IT.  Tl&ennal  eondncttvity,  '07,  p  404.    Fi«B  7  and  8. 

Specimens.  Cono  blocks,  with  holes  as  in  Fig  7.  Dimensions  in  inchea 
Thermo  couple  in  each  hole.     Mixture  as  in  70  a. 

Treatment.  Specimens  in  molds  24  hrs,  in  water  48  hrs,  kept  moist 
2  or  3  wks,  allowed  to  dry  well.  Age,  at  test,  about  2  mos.  Blooks  placed 
in  furnace  doorway. 

,  Results.  Fig  8  shows,  for  one  of  the  trap  cone  specimens,  the  times, 
in  mina,  reqd  to  transmit  the  Airnace  temps  thru  din  thioknessefl 
of  cone.  Each  curve  is  marked  mith  this  thickness  in  ins.  Drop  of  curves, 
at  and  near  200°  F,  attributed  to  steam  generation. 
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For  abbrcTiatioBB,  sjinboki  and  referenees,  see  p  1251. 

70  b.  2  to  2H'  of  cone  (if  it  remains  in  place)  will  protect 
reinfg  metal  during  any  ordinary  conflagration. 

70  i.  Expoflied  relnforcinc  metal  will  not  conduct  heat  injuri- 
ously to  imbedded  portion. 

70.5.  irm.  B.  Faller  and  Saaford  E.  Thompson,  "  The  Laws 
of  Proportioning  Concrete."  A  8  C  £,  Trans,  '07 /Dec.  Vol  59,  pp  139-143. 

Elastic  m<kinlas,  E,  under  compression. 

Specimens.  6'  sq  cone  prisms,  18'  long ;  age,  abt  140  ds.  Giant  Port 
oem.  Agg :  Cowe  Bay  sand  (CS),  Jerome  Park  screenings  (JSo).  Agg : 
Cowe  Bay  gravel  (CG),  Jerome  Park  stone  (JSt). 

R^nlts. 

EflRect  of  maximum  sise  of  stone. 

Mix 1:9*        1:3:6         1:2.81:6.62  1:2.92:5.88 

Stone  Elastic  modidus,  E,  in  millions  of  pounds  per  square  inch. 

2.25  ins 2.1  2.4  3.3  3.0 

1.00    '•   1.7  1.8  3.1  2.6 

0.50    "    1.4  0.9  ...  2.2 


EflRect  of  quantity  of  cement,  in  %  of  total  dry  material.* 

Elastic  modulus,  E,  in  millions  of  pounds  per  square  inch. 

With  JSc  and  JSt. 

With  CS  and  CG 

With  JSc  and  CG 

Cem.. 

8       10       12.5     15 

8.5    10.6    13.25    15.9 

10.2    12.75    15.3 

E.... 

1.8     2.1      2.3       4.7 

2.3      3.9      3.7       4.3 

3.5     3.8       3.5 

71     

71.  Rieliard  I*.  Hnmpbrey,  U.  S.  G  S  BuU,  No.  324.  '07.  Report 
on  San  Francisco  Are  of  Apr  18,  '06. 

Besnlts. 

71  a.  CTonc  probably  the  best  material  for  fireproofing  cols.  Its 
stiffness  supports  the  steel  within,  softened  by  the  heat. 

71  b.  **  Cone  proved  superior  to  briclL  as  a  fireproofing  medium. " 
71  c.  At  high  temps,  cone  loses  its  water  of  crystallisation. 

71  d.  Cone,  especially  when  reinfd,  resisted  both  earthqnalLe  and 
fire.  The  eonc  dam,  at  San  Mateo,  altho  within  a  few  hundred  yds  of 
the  fault,  was  uninjured.  Solid  eonc  iloors,  altho  of  very  poor  quality, 
proved  satisfactory  The  cinder  <wnc  used,  in  floors  and  elsewhere, 
was  high  in  sulfides,  and  inj\irious  to  reinfmt. 

72    

72.  Wm.  B.  Fuller,  Natl  Assn  of  Cem  Users,  Procs,  '07,  pp  95-7. 
«radinfr  and  proportions. 

72  a.  Tests  of  6  beams,  6'  square,  6  ft  long;  1  cem  to  8  of  sand  and  stone; 
rupture  moduU  in  Ibe/Q':  1:2:6,  319;  1  :  3  :  5,  285;  1:4:4,  209; 
1  :5:3,  151;  1:6:2,  102;  1  :8:0,  41. 

72  b.  With  a  given  percentage  of  cem.  the  densest  mixtxu«  of  sand 
and  agg  gives  the  strongest,  the  letmt  permeable  and  therefore  the  most 
durable  cone,  and  that  which  works  most  easily  and  therefore  best  fills  up 
voids  and  corners. 

7S     

72.  Gonumission  du  ciment  arm#,  Paris, '07. 

73  a.  Sbrinkaipe  and  expansion.  Cone  shrinks  while  hardening 
in  air.  and  expands  under  water. 

*  Material,  larger  than  0.2^  diam  (abt  62  to  68  %  of  total)  graded  in 
accordance  with  the  recommendations  of  the  authors.  See  Plain  Concrete, 
1[1|  23  to  25,  p  1257. 


( 
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8Up  >  0.01' 

Slip>  1/32* 

Imbedded 

Imbedded 

12* 

24* 

12* 

24' 

AdhMion. 

lb./-J' 

269 

178 

280 

100 

316 

220 

341 

242 

334 

201 

857 

306 

324 

332 

366 

350 

474 

471 

612 

506 

651 

635 

786 

535 

For  Direetory  to  Ezparimeots.  ne  pp  1308-7. 

_____ 

74.  T.  I«.  Gondroa,  of  Gondron  and  Sinks  Co.,  im>resentinx  Expanded 
MeUl  A  Corr  Bar  Co.  Jour,  Westom  Sooof  Engn.  '07,  Feb.  VS  12.  No.  1. 
Experiments  by  Prof  C.  E.  De  Puy,  Lewis  Inst.,  Chicago. 

74a.  AdMcttion;  plain  and  deft»raMd  bara. 

fipcelmeas. 

Cone  cylinders,  6'  diam,  8*,  12*,  16',  20*,  24'  long.  Hand  mixt.  accu- 
rately proportioned;  1:2:4,  Port  eem,  coarse  sand,  broken  limestone, 
yi"  and  under,  without  dust.  Fairly  wet,  so  as  to  enter  molds  eaativ  and  be 
churned  with  a  small  rod.  All  the  cono  mixt  in  one  bateh.  The  8*^aDd  16* 
blocks  were  25  days  old  when  tested,  the  others  31  ds.  The  rods  paeC  en- 
tirely thru  the  blocks. 

Beaiilts.  Streai,  Ibe/CT  of  imbedded  suxf 

Diam 

in 
inches 

Round 1M« 

Square i%« 

Twisted,  Buffalo 

Twisted,  Raosome* " 

John8on,t  New " 

Johnson,  Old* »%« 

75     

70.  A.  A.  Knndaoa,  Am  Inst  Eleo  Engrs,  Procs,  '07,  Feb.  Vol.  26. 
Part  I,  p  231;  EN,  '07.  Mar  21,  p  328. 

75  a.  Electrolysis. 
Specimeiis. 

1  : 1  cem  and  sand.  Port  and  Rosendale.  Blocks  molded  in  metal  water 
pail;  positive  electrode,  a  short  2*  wroucbt  iron  pipe  in  axis  of  block,  im- 
mersed about  8'. 

Treatment.  Blocks  placed  in  water  ^one  in  fresh,  one  in  salt)  in  tank: 
negattve  electrode,  a  piece  of  sheet  iron,  immersed  in  tank.  Current  0.1 
ampere. 

Besalts.  After  30  days,  Portland  bloeks  (which  had  cracked 
under  current)  were  easily  broken,  and  showed  yellowish  deposits  (ap- 
parently iron  rust)  and  softened  eone,  in  the  seams.  Pipes  lost  more 
than  2  %  by  corrosion.  Final  eleetrleal  resistance  —  10  X  initial 
resistance,  and  about  «  resistance  of  dry  cone.  ]tosendale»  cracks  ap- 
peared in  6  days.     One  of  the  pipes  eaten  thru. 

76     

76.  J.  I^  Tan  Omnm,  A  S  C  E  Trans,  Vol.  51.  p  443,  '03/I>ee.  and 
Vol  68,  p.  294,  '07/Jun. 

76  a.  Fatlg^ne.  Neat  cem  blocks  in  oomp.  Repeated  loadings  eanse 
failure  if  the  load  is  >  abt  half  that  reqd  to  crush  with  one  application. 

Vol  58,  p  204. 

76  b.  Fatlffne.    About  600  tesU. 

Specimens. 

Blocks  5'  X  5*.  12*  long,  in  oomp,  and  beams.  4*  wide,  6'  deep.  6  ft  span, 
reinfd  by  2  plain  steel  bars,  W  in  square.  Each  batch  made  8  blocks  or  4 
beams.  Mix,  1  :  3  :  5  by  vol.  Standd  Am  Port  cem,  tested  by  A  8  C  E 
specifications  (p  942).  Sand  from  Mississippi  R,  water-worn,  rather  fine. 
00  to  110  Ibs/cu  ft;  voids  30  to  38  %.     Broken  limestone  from  near  St. 

•Covered  with  thin  coat  of  rust,  but  without  scales.    The  others  fresh 
I!\  '°®  '"^^^  *°*^  '™®  from  rust. 

TA.  L.  Johnson's  corrugated  bar.  Fig.  2d.  p  1130;  Expanded  Metal  sod 
^■^"TugatedBarCJo.  ,  ^        , ,    t     r\rM^\(> 
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For  AbbrewlaiiMMt  sjmikoki  and  refeToaees,  see  p  126L 

Lfouw,  80  to  95  Ibe/ctt  ft,  pnwring  IK'  aoreen;  abt  half  the  stones  larger  than 
1',  about  one-tenth  of  the  stones  leas  thanH';  voids  42  to  48  %.  Voide, 
in  3  aand  +  5  a«g,  16  to  19  %. 


Comp  ■peeimena  left  in  molds  in  air  1  day,  beams  2  ds; 
then  all  in  water  2  wkis;  then  in  air,  protected  from  drafts,  until  tested. 

Ck>inp  specimens,  1  mo  and  1  yr  old,  loaded  4  to  8  times  per  min;  beams, 
1  mo,  6  moe  and  1  yr.  loaded  2  to  4  tunes  per  min. 

Results.  Efltect  of  rote  of  repetition  inaicnifieant;  but  be- 
lieved to  increase  rapidly  with  rates  above  10  per  min. 


»1.0 


fO.8  


lae 


,a4 


'ea2 


JO        4        8        12       16       20242832% 

^JTo.  €f  rhoMands  of  JBep««Uio»a  mfliwnry  toprodaioe/ailiirtb 

FiiT  1^«     Fatigue. 

Foti^rne.  The  curve,  Fig  9,  fairly  zepresents  the  results  obtained  under 
these  varying  conditions. 

76  e.  Cone,  repeatedly  stressed,  below  the  fatupie  limit  (i.  e.,  below  about 
half  max  strath,  see  Fig)  "has  imparted  to  it  a  deiinite  elaatic  limit, 
within  which  stresses  are  proportional  to  strains"  (i.  e.,  within  which  the 
•lostie  nMidoIufl,  E^  is  constant). 

76  d.  Fatin^ue  and  Adliesion. 

Specintens.  Plain  ^'  square  steel  bars  imbedded  in  cone  as  above. 
Specimens  made  with  great  care  and  very  thoroly  tamped. 

Treataient.  In  molds  2  da;^,  in  water  7  ds.  in  air  3  wks.  30  fati^e 
^ecimens  subjected  to  "a  oombmed  blow,  pressure  and  the  accompanying 
vibration";  150  blows  per  min,  each  blow  —  740  inch-lbs.  Av,  50,000 
blows  to  each  specimen. 

Resoltii.  Av  initial  adhesion,  125  Ibs/H'  of  imbedded  surf;  ft*ietion 
(after  slip)  90  Ibs/Q'.  Vntetif^ned  speelmens,  150  and  100  Ibs/G* 
respectively. 

76  e.  Fatiffue  under  eon  tinned  load.  i>  318.  2  cone  prisms 
remained  unafiected  for  a  month  under  90  %  of  their  crushing  strgth.  "A 
few  cone  blocks  failed  in  comp  in  a  few  hours  under  constant  pros  of  higher 
%."     A  reinfd  cone  beam  failed  in  10  mos  under  90  %  of  its  breakg  load. 

77    

77.  Henry  S.  Spaekman.  Assn  Am  Port  Cem  Mfrs,  New  York, 
07,  Dec. 

77  a.  Mortar  reground  after  hardeninnT. 

Briquets  of  Port  cem,  broken  in  testing.  Reground  and  made  into 
new  briquets.    These  showed,    in  general,  about  lialf  tbe  tensile 

-  *v :_i — 1    x.^ *-        r\t   aU-  — :_: — i  nt   k   or    — ^j.  ^ 

the 


strensrtlis  of  the  original  bnqueta.    Of  the  original  cem,  91.5  %  pasi 
_.      .  -IT    .         ^         .  jj^^  2^^    ^j^^  reground  material  had  abt  t 


No.  100  sieve,  76.2  %  past  No. 
same  fineness. 


78 


79.  B.  Feret,  A  S  C  E,  Trans,  '07.  Dec.  Vol  59.  p  152. 
78  a.  Permeability.    **  Experiments  fgys^  in  general  nneer- 
tatn  results.    It  is  not  unusual  to  see  many  blooka  of  the  same  oono 

CIO 
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For  IMreetory  to  Experiments,  see  pp  1303-7. 

which,  altho  treated  in  an  identical  manner,  pennit  very  diff  quantities  of 
water  to  filter  thru  them/' 

78  b.  Affe  of  bloek,  days  5  29  30  3&5 

Flow,  in  grams /min  per  lb/  j' 
Pros  from  71  to  284  Ibs/D'';  Ayge  0.554      0.(H4      0.159         0.294 

After  remaining  under  284  Ib/D' 2  hrs    0.349      0.034      0.133         0.273 
7ft e.  Pereolatlon  "very  nearly  proportional  to  pressitre.*^ 
7ft  d.  8  blocks,  1  year  old.    Block  ABC 

^  Flow,  in  grams/min  per  Ib/Z" 

At2841b/8qin 0.067       0.111       O.IOS 

Raised  to  412  lb /D' 0.077       0.114       0.126 

Reduced  to284  Ib/Q* 0.068       0.114       0.111 

"as  if  the  effect  of  the  momentary  increase  of  pree  had  been  to  open  new 
passages  for  the  water,  or  partly  to  clear  out  the  passages  already  existing.'* 

7t>     

79.  Wm.  B.  Fnller  and  S.  £•  Tlionipsoift,  A  S  C  £,  Trans,  '07, 
Dec,  Vol.  59,  p  67. 

Stren^h,  density  and  permeability,  as  affected  by  propor- 
tions and  ebaraeter  of  sand  and  ag^.  Expts  at  Jerome  ruxk 
Reservoir,  New  York. 

70  a.  Speeimens.  Port  cem,  as  received  for  use  on  the  reservoir; 
ag^  (1)  stone  and  screenings  from  crushers  at  reservoir,  mica  schist,  35  % 
mica,  which,  in  mortar  or  cono,  "doee  not  form  planes  which  affect  the  strgth 
seriously."  (2)  Cowe  Bay  gravel  and  sand,  dredged  from  river  ("water- 
worn  rounded  bank  gravd  and  sand,  thoroly  dean,  and  consisting  almost 
entirely  of  quarts  particles."  8p  gr  abt  2.65).  Max  siae  of  stone,  2>€*. 
1  »  3^  • 


aO  40  60 

JBreMttre,  Un,^fer  sg.  in. 


308.B      1010.6     12    13     U        1S.9 
C«f»en<,  j9«r  cenittf  total  dlrywaftifui. 


Fi«10.    Permeability. 

Tests  were  made  with  '*  graded  mix  *'  (proportions  giving  max  density 
of  agg)  and  '< natural  mix"  (1  :  2.5  :  6.5/     1:3:6,      1  : 3.6  :  5.5). 
Besnlts. 
7ft  b.  Siae  ofaffffre^ate;  strengrtb  »ad  density. 


Max  stone  sise,  inches 2H 

Relative  strengrth. 

Conu>re8Bion 1.00 

Transveree l.CX) 

5}em  reqd  for  equal  stigth,  relative 1.00 

Relative  density 


0.83 

0.91 

1.17 

1.00         0.96 
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H 

0.72 
0.75 
1.33 
0.93 
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For  abbreTiaiions,  sjinbols  and  rcfereneen,  see  p  1251. 

79  e.  KliMl  of  airffreg»t«.  Sand  ▼•  flcreenlngrs.  Relative 
strencthe  and  densitieB. 

Comp  strgth  Transv  strgth       Density 

Sand  and  stone 100  100  100 

"    gravel 94  89  102 

Screenings  and  stone 67  85  98 

70  d.  Graded  mix  gave  density  —  1.14  X  density  with  natural  mix; 
for  equal  strgth,  graded  mix  reqd  0.88  X  the  eem  reqd  with  nat  mix. 

(This  means  an  aT  Hairlni^  of  about  25  cts  per  en  yd  of  cone.  Allen 
Haaen,  Trans.  A  S  C  E,  Vol  69,  p.  150,  Dec,  '07.) 

79  e.  An  excess  of  fine  or  of  medium  liand,  or  a  deficiency  of  fine  sand 
in  a  lean  cone,  diminishes  strgth  and  density. 

70  r.  StrenfT^h  and  density  max  when  mortar  just  fills  voids. 

70|r.  Permeability.  See  Fig  10.  "  Little  is  known  of  the  action  of 
cone  in  resisting  the  flow  of  water.^  As  betwn  "diff  proportions  and  diif 
si7.e8  of  the  same  class  of  materials,  the  laws  of  watertightness  are  somewhat 
similar  to  those  of  strgth."  With  given  percentage  of  cem,  the  densest 
specimens  are  usually  most  watertlcnt.  With  equal  densities,  the 
richest  specimens  are  most  watertl|pht  (See  Fig).  The  ratios,^  how- 
ever, are  very  diff  from  those  of  either  density  or  strgth,  a  slight  diff  in  the 
composition  producing  a  great  eflFect  upon  the  watertightness.  '*Din 
kinds  of  ainr  produce  very  diff  results  in  watertightness."  Fig  shows 
effect  of  pressure  upon  permeability. 

79  h.  Cone  with  Jerome  Park  stone  and  screenings  gave  very  much 
hijsher  rates  of  percolation  thniout  (max.  369  grams  per  min)  than  that 
with  Cowe  Bay  sand  and  gravel.  Cone  with  stone  and  sand  gave  about 
half  the  rates  shown  in  Fig  10. 

70 1.  Permeabfllty  is  sometimes  greater  with  lar^e  and  sometimes 
with  small  stones.  Results  especially  erratio  with  the  Jerome  Park 
reservoir  broken  stone  and  screenings. 

79  J.  **  Permeability  decreases  materially  with  aye ;  **  increases  much 

more  rapidly  than  the  thlelLness  of  tbe  <wnc  decreases; 

lees  with  sand  and  gravel  than  with  stone  and  screenings; 
«•      ..         I*        •«         .«  •«       <.         u        .<    g^Q^j . 

•*      •*        "       ••   stone       **       *'         **        '*    screenings; 

80     

80.  RIehd  H.  «alnes.  New  York  Board  of  Water  Supply,  A  S  C  E, 
Trans,  Vol  69,  '07,  Dec,  p  169. 

80  a.  Permeability  and  strengrtb;  Clay  and  alum, 
ftpeelmens.    Mortar,  1  : 3,  Portland,  Cowe  Bay  sand.    Tensile  tests 

on  standard  briquets;  comp  and  tensile  tests  on  2"  cubes.  Age  of  specimens, 
28  to  30  days.     Pressures,  40  and  80  Ibs/D". 

Results.  (1)  Replacing  the  mixing  water  with  a2.5to5%(l  to2% 
sufficient)  alnm  solution  gave  nearly  complete  Impermeability. 

(2)  Rei>lacing  5  to  10  %  of  the  sand  with  dried  and  finely  ground  elay,  and 
(Syoombining  (1)  and  (2),  gave  still  better  results. 

The  clay  specimens  (with  and  without  alum)  showed  from  12  to  18  %  gain 
in  strengrtn  over  those  without  clay. 

The  process  is  based  upon  a  tbeory  of  physlco-ebemleal  action 
between  ions  of  the  electrolyte  (alum)  and  the  colloid  (glue-like)  moleoides 
of  the  clay. 

None  of  the  processes  bltberto  In  nse,  and  examined,  were  found 
suitable  for  extensive  use. 

Slaked  Ume  slightly  decreases  permeability,  but  this  advantage 
is  more  than  ofFset  by  loss  of  strennr^li*  There  is  no  chemicid  reason  why 
this  should  be  otherwise. 
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For  IMreeteBT  to  Experiments,  aee  pp  iaoS-7. 


81 


.Neostadt. 


M.  Prof  E.  MdrMh,  Zurich:  for  WayM  and  Fr^t^  A.-G..  Nooa 
"Der  Eisenbetonbau/'  Stuttgart,  Konrad  Wittwer,  '08.  to  which  the  | 
given  refer. 

81a.  ElMtic  relations,  pp  27-32.  ftpjelmeiw?  SquiM|e  primji; 
measured  length,  35  cm  (13  H'').  1  part  Mannheim  Port  cem.  with  3  partt 
of  a  mixture  of  Rhine  sand  and  gravel  oonssting  of  3  parte  sand.  0-5  mm; 
2  paiSVavel,  &-20  mm.  (0.197'M).78'').  Water,  14%.  Each  strea  main- 
tained  3  mins.  Some  of  the  specimens  tested  in  tension;  the  others  m  comp. 


Co«npre««ion7  in  mUlUnUht  qforigtndl  lenijth. 
50  100         ISO 


200         250         300         350    , 


laoo 

1000 


«» 

600 

40D 

200 

0 


JBloniraHon 


Flflr  !!•    Stress  and  Stretch. 


I>0forimatian,  in  mtOioniha  ofoHgimdlleniflK, 
0  50  100        150        280         280        300 


50         100         150         200         250        30O 
ne/ortnation,  in  mlUionthu  of  ortgtnal  UmiOiy 

'    -^"~'"  Flirl^     Elastic  Modulus. 

'  Residts.     Unit  strefwcs  and  strotebefl  as  in  Fig  11.    Ult  ten« 
sions,  WmIU"  :  3  mos,  149;  2  yrs,  224. 

ElasUo  M odulofl,  £,  See  Fig  12. 

WlUi  mix  1 :  4y  for  a  given  stress  in  comp,  E  was  in  general  from  15 
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For  abbreTiatloiui,  symboUi  mmI  refercnees,  eee  p  1251. 

to  20  %  less  than  with  1:3.     In  tension,  E  was  more  neariy  the  same  for 
both  mixes. 

With  water  8  %,  for  aeiven  stress,  E  was  in  general  from  10  to  20  % 
higher  than  with  water  14  %. 

81b.  Shear.  Fig  13.  Dimensions  in  centimeters.  Prisms,  18  .cm 
square,  40  cm  long,  p  40.     Mixtwe  of  sand  and  gravel  as  in  Expt  81  a. 


FliT  13«     Shear. 

Plain.    Specimen  first  cracked,  ss  beam,  at  a.    Pres  then  increased  until 
shearing  crack,  b,  appeared. 


Mix 

1  :3 
1  :4 


Water  % 
14 
14 


Age 
2     yr 
1.5  m 


No.  of 

Specimens 

3 

3 


Ult  av  shear,  Ibs/D''* 


Observed 
936 
530 


Calculatedf 
980 
550 


Reinforeed.  The  bars  (1  cm  diam)  served  merely  to  hold  the  speci- 
mens together,  so  that  the  pres  coidd  be  increased  as  desired.  The  cone 
sheared  first. 

Ult  Av  shear,  Ibs/Q" 


Mix 
1  :4 
1  :4 

Water  % 
14 
14 

Age 
1.5  m 
1.5  m 

No  of 

specimens 

2 

3 

Concrete 
522 
484 

Steel 
46400 
50800 

81c.  Tomion,  p  45.    Mix,  1  :  4.    4  solid  cyllndem,  79  to  98 

days  old;  26  cm  diam;  length  under  exp,  34  cm.  Hexagonal  heads.  M  — 
toxsional  moment;  R  —  radius  of  cyl; 

t  —  torsional  stress  in  extreme  fibers  (see  p  600,  this  book)—  2  Af/vR* 

f,  inlbs/D'';  max,  275;  mean,  243;  min,  189. 

8  hollow  eyl*9  as  above,  52  to  55  days  old;  inner  diam  abt  15  cm; 
r  -"  inner  radius. 

«  -  2  Af  B/ir  {R*  —  r*), 

t,  in  Ibs/Q^  max,  134;  mean,  126;  min,  112. 

The  much  hlarher  unit  strencAh  of  the  solid  cyllndeni  as 

given  by  the  formulas,  is  attributed  partlv  to  their  somewhat  greater  a^ge, 
ut  chiefly  to  the  increase  in  unit  stress  from  the  drcumf  inward,  owing 
to  which  the  material  near  the  center  transmits  more  than  its  share  of  the 
torsional  stress,  and  thus  relieves  the  outer  portions. 

*  —  H  total  force  applied  -»-  area  of  one  shearing  surf, 
t  From  ult  tensile  strgth,  t,  and  ult  eomp  strgth,  c,  of  test  pieces  of  same 
mix  and  age,  and  formula,  shear  —  i/  I  c 


( 
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For  Directory  to  Experiments,  see  pp  1303-7. 

81  d.  Adhesion,  p  49.    Figs  14  and  15. 

Specimens.     Cubes,  20  cm.     Mix,  1:4;   10  to  15  %  water;    a^  4   wk& 
Round  ban  2  cm  diam.  Fig  15,  spiral  10  cm  diam ;  wire  0.4o  am  diam. 


20 


Fiffl4. 

Adhesion. 


© 


-20- 


39) 


FifflS. 

Treatment.    Bars  pnsiied  out.    Pros  rapidly  increased  to  max. 

Re«nlt«.  Adiiesion,  means  of  12  tests  each,  Ibs/G";  Fi«  14,  adhe- 
sion »  518  ;  Fig  15,  adhesion  »  713. 

After  overcoming  the  adhesion,  considerable  firictionsl  resistance 
remained. 

81  e.  Ductility  and  shear  in  reinforced  concrete,  p  60. 

Specimens.  4  reinforced  hollow  cylinders  in  torsion,  as  in 
Experiment  81  c,  reinforced  with  spirals  in  the  middle  of  their  wall  thick- 
ness. Spirals  at  45*^.  so  placed  as  to  be  in  tension  under  the  twist  ini? 
moment.  2  cyls  each  with  5  spirals  of  7  mm  round  iron,  two  cyls  each 
with  10  spirals  of  10  mm  round  iron.     Diam  of  spiral,  21  cm. 

Stresses  in  iron,  at  instant  of  first  cracking  in  cone,  Ibs/O*; 
max,  8960  ;  mean,  8300 ;  min,  7700. 

Stretch  of  iron  and  of  cono  at  instant  of  first  cracking  in  cone,  ar: 
0.00027  X  original  length. 

Foregoing  deduced  from  comparison  with  results  obtained  with  plain 
^Is  in  torsion,  Expt  81  o. 

Shear,  Ibs/D"  Max  Mean  Min 

At  first  cracking 620  480  347 

At  rupture 767  624  430 

81  f.  Specimens.  6  reinforced  beams,  15  X  30  cm,  2  m  sjMn. 
p  62.  Fig  16,  p  1175.  Dimensions  in  centimet««.  Thickness  of  rdnfg 
bars  as  below.  2  oonoentd  loads,  P  P,  equidistant  from  een  and  1  m  mpaaX. 
Mix  1:4;  age  3  mos.  Measurements  on  central  length  of  80  cm.  Bendi 
mom  constant  thruout  this  length.  Stretch  of  steel  observed  by  means  of 
two  projecting  lugs,  at  A,  A,  screwed  into  the  bars.  Stirrups  provided  near 
ends  of  beams.    Beams  kept  wet,  but  tested  dry. 
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1343 


For  abbrevlAUoiui,  sjiiiboli  and  referenees,  see  p  1251. 


-«>- 


i 


-ifie- 


-50- 


-i5->: 


T 


-200- 


T 


1 


Flff  16.     Ductility. 
Results.   Stretch  per  unit  of  length  at  instant  of  first  cracking  of  cone: 

Cone,  under 


Bars  10  mm  (0.39^  diam  -  0.4  % 


16 
22 


(0.63") 


-  1.0* 


Steel 

0.00042 

0.00a33 

0.00030 


-  1.9  % 

81  g.  Steel  and  concrete  stresses,  p  97. 
Specimens.    Flat  reinforced  beams.  Fig  17. 

T 200 ; 

-75 »|«  50  >j< 75- 


tension,  max 
0.00050 
0.00040 
0.00038 


-220- 


A  and  B,  6  beams 

A.^  5  heavM  B,  S  beams 

Tig  17.    Stresses.    Dimensions  in  centimeters. 

Bendg  mom  constant  betw  loads.    Mix  1  :  4.    Length,  2.2  m;  span  2  m. 

Results.     Failed  by  cmsblni^  of  cone  near  and  betw  the  2  loads. 

Steel,  10  nmi  diam. 

Unit  stresses,  c,  in  steel,  and  c,  in  cone,  in  lbs/Li",  deduced  under 
the  assumption  of  n  —  ^J^c  "  ^5' 


Age 
3  beama  A  Fig  17    13  mo 
3       "      B     "    17    13     '• 
3       ••      A     "    17      2     " 
3       **      B     "    17      2     " 


After  appearance 
of  first  cracks 

At  rupture 

Steel 

« 

c 

c               c 

3.3^ 

22300 
20900 

1315 
2250 

54000  3180 
30100         4210 

1.4% 
3.3% 

18600 
17000 

1095 
1820 

44800  2630 
28000         3000 

Flflr  18*    Shear.    Dimensions  in  centimeters. 

81  b.  Sbear  In  beams.    12  specimens,  each  consisting  of  a  flat 
plate  with  two  similarly  reinfd  ribs,  Fig  18.     Ribs  of  2.7  m  span  normal  to 


< 

( 


the  paper.     Der  Eisenbetonbau,  p  158. 
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For  IHrectory  to  Experiments,  see  pp  1308-7. 

Types  of  web  reinforcement,  neglecting  slight  variatioDs. 
Pig  19,  and  3d  col  of  table  below. 


See 


a 


d 


^1 


\F' 


Fl«  19.    Shear. 


Stlrmps :  4th  ool,  table  below:  a,  thruont  span;  b,  in  one  half  of  i 

c,  no  stirrups. 
Bars:  dlam  in  mm:  a,  18;  b,  16;  e,  3  bars  15,  and  1  bar  18;  d,  2  bars 

15,  and  2  bars  16.     Beam  No.  3  had  3  straight  Thaoher  bars,  18  mm  diam. 
Ends;  6th  col,  table  below:  a,  hook;  b.  plain;  o,3  bars  45*',  1  hooked: 

d,  2  bars  bent,  2  hooked;  e,  3  bars  45°.  1  plain. 

In  No.  2  the  webs  were  0.28  m  wide;  in  No.  8,  0.10  m;  in  the  othen, 
0.14  m. 

Age,  about  3  mos.  Heidelberg  cem  1  :  4.5  (72  %  Rhine  sand  0-7  mm: 
28  %  gravel,  7-20  mm). 

Resnltii. 

Cracks  developed,  following,  in  general,  the  curves  convex  upward.  Fig  2a 

Stresses,  in  lbs  /  Q". 

c  —  teniaile,  in  steel ;  e  —  comp,  in  cone ;  a  «  adhesion;  v  —  shearing, 
at  support. 


At  appearance  of 

diagonal  cracks 

which  lead  to 

rupture 


At  rupture 


,    1  a  b  a  a 

17900 

123 

149 

540 

29300 

196 

239 

1  ^ 

1  2  a  b  a  a 

34300 

234 

142 

824 

44800 

302 

183 

2  P 

3  0 

;  3  a  b  ..  b 

19500 

las 

132 

898 

27800 

146 

187 

i  4  0  c  c  c 

36600 

382 

309 

881 

46300 

476 

384 

*  ? 

;  5  d  b  d  d 

17900 

205 

146 

686 

37000 

418 

299 

5  ;? 

6.  c  a  0  e 

232 

186 

795 

42000 

432 

348 

6 

) 


7cabo         

8  d  b  b  d         15S00     152     152 

9  d  b  b  d         22500    216     141 


924     48600    448    318  7 

676    34800    324     324  8 

742    38200    352     251  9 


n 

10 

0 

b 

b 

c    

1100 

65000 

362 

267 

10 

•a 

s 

11 

d 

c 

b 

d    

1180 

54000 

357 

265 

11 

e 

12 

0 

o 

b 

e    

1060 

53200 

348 

249 

12 

« 

*  The  positions  of  the  2  concentrated  loads  divided  span  into  3  ogiffj  |Mutt 
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For  abbreTinttoiM,  syniboii  and  refereaeefl,  see  p  1251. 


Fi|r  so.     Diagonal  Stresses. 

82    

82.  Banford  £.  Tlioiiipson.     A  S  T  M,  Procs,  '06,  Vol  8,  p  50a 
82  a.  Permeability.    Effect  of  admixture  of  slaelLed  lime. 

Speciaieiis.  Cylindrical  blocks,  20"  diam,  16"  thick;  Lehigh  oem, 
good  ar  bank  sand,  conglomerate  rook  resembling  trap  in  character:  "a 
noft,  mushy  mix,  such  as  would  be  adopted  in  construction/'  Pine  Cone 
lime  from  Kookland,  Me.  Lime  stated  in  %  of  wt  of  dry  cem.  Mixtures 
as  follows: 

1:2:4     cone  with  0  %,  4  %,    7  %  and  10  %  lime;    8  %  preferred; 
1  :  2.6  :  4.5  "        "     0  %,  6  %,  10  %     "    14  %     "  ;  12  %  "       ; 

1:3:6       "        "     0  %,  8  %,  14  %     "    20  %     "  ;  16  %  "       . 

Treatment.    Water,  under  pree,  introduced  into  oen  of  block. 
Resnlts,  1:2:4  and  1  :  3  :  5,  see  Fig  21.    1  :  2.5  :  4  gave  results  inter- 
mediate betw  the  other  two. 
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J»ercentag«  of  hydraimd  lime  to  weight  o/etmeMt, 

FiflT  21.    Permeability;  lime. 

82  b.  Coarser  sand  requires  more  lime,  and  vice  versa. 

82  e.  If  pressure   is   to   be   applied   witbin   a  month,  it 

will  be  better  to  use  say  10  %,  16  %  and  ^  %  respectively,  instead  of  8  %, 
12  %  and  16  %  as  recommended  under  Expt  82  a. 

82  d.  Lime  paste  occupies  about  2\i  times  the  bnllL  of  |»aste  made  with 
equal  wt  of  Port  cem,  "and  is  therefore  very  efficient  in  void  filling."  The 
eost  of  larfir«  waterproof  work  may  be  redneed  by  using, 
with  lime,  a  leaner  cone  than  would  otherwise  oe  suitable. 

88     

83.  Riehard  Ij.  Hamphrey,  plain  cone  beams,  cubes  and  cylinders, 
comp  and  transv  strgths  and  the  elas  relations.  "The  Strgth  of  Cone 
Beams,"  U  S  G  S  Bull  No.  344, '08.  Tests  to  determine  the  effect,  upon 
transverse  and  eompressive  strenfrtb,  of  (1)  agpe  of  specimen, 
(2)  eonsistenejr  of  mix,  (3)  character  of  asirre^ate. 

83  a.  Specimens.  Unreinfd  cone  beams,  cubes  and  cyls.  Cem,  a  mix 
of  9  Port  cems.  Meramec  R  sand,  "composed  of  flint  grains  having  com- 
paratively smooth  surfs."  "The  granulometric  analysis,  p  1346.  shows  the 
sand  to  be  rather  finer  than  deairable."  Digitized  by  C^OOQ  IC 
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For  IMreetory  to  Experiments,  see  pp  1303-7. 


Properllea  ol  sand  and  tkggre9;Htem 

Meehee  per  inch  of  screen 


Siae  of  mesh,  ine 


Cinders .... 

...1.63 

47 
95 

102 
98 

101 

51 

Granite  .... 

...2.69 

41 

Gravel 

Limestone. . 
Sand 

..2.45 
...2.49 
. .  .2.60 

33 
37 
38 

200    100      50    30      10      H  ^  H 
Sp    lbs/  voids  Percentage  passing  sieve  or  screen 

gr    cuft    % 


IH 


2.84  4.17  6.5  10.5  21.1  37  60  81  100 
1.59  2.29  3.2  4.4  8.5  20  58  99  100 
0  0  0  0  1.0  43  79  95  100 
2.96  3.48  4.2  5.2  10.7  29  61  96  100 
0.20   1.30   13.9   64.0  97.0   100 

Proportions,  1  :  2  :  4,  by  vol,  except  the  cinder  conc.which  was  nearer 
1:2:5.  All  oono  mixed  in  a  mortar-ariven  cu-yd  mixer,  equipped  with 
chsjrging  hopper.  Mixed  2  mins  dry,  3  mins  wet;  then  dumped  oo  eem 
floor,  shoveled  into  barrows  and  wheeled  to  niokUng  floor.  Each  batch 
sufficient  for  2  beams,  8'  X  ll^  12  ft  span*  two  6'  cubes  and  2  cyls,  8'  dia, 
16"^  long. 

^^Wet;**  smooth  and  somewhat  viscous  immedy  before  dumping. 
Flows  back  from  ascending  side  of  mixer  without  tendency  to  break  at  top. 
When  dumped,  shows  neither  voids  nor  individual  stones.  Splashes  when 
tamped.    When  finished,  water  stands  H"  to  H*  deep  over  surf  of  mold. 

*^  Medlnm  '* :  smooth,  but  tending  to  lump.  Flows  leas  smoothly  than 
"wet, "  part  flowing  back  smoothly  and  part  breaking  over  in  lumps.  When 
dumped,  looks  somewhat  lumpv,  showing  stones,  out  no  voids.  Stoned 
evenly  coated  with  mortar.  No  water  collects  on  surf  in  mold.  Surf 
easily  finished  with  trowel. 

'^Dainp'*;  granular.  But  little  tendency  to  lump.  Carried  to  top 
of  mixer  on  ascending  side;  falls  in  individual  stones  and  fragment-s  of  mor- 
tar. When  dumped,  shows  stones  and  voids.  Resists  tamping.  Compacts 
under  hand  tamping.    Cannot  be  finished  smooth  with  trowel. 

Cone  placed  in  oiled  steel  molds,  in  3  nearly  equal  layers,  and  hand- 
tamped.     "Great  care  was  taken  to  tamp  all  the  cones  in  the  same  manner. " 

Treatment.  All  molds  were  removed  at  end  of  24  hrs,  and  pieoea  trans> 
ferred  to  moist  room.     Sprinkled  3  times  daUy. 

The  beams  were  so  supported,  just  prior  to  test,  that  the  sums  of  moukents 
and  stresses,  then  existing  in  the  measd  length,  were  equalised,  so  that  all 
fibeiB,  in  that  len^^h,  then  had  same  length  as  when  unstreosed,  and  the 
deformations,  within  the  measd  length,  were  thus  measd  from  aero. 


"0  0.5  1.0  1.6  M         tA 

IjOOO  X  l>ef<Mnnation  per  anft  o/ltngtk, 

Stress>stretch  curves  for  different 


Stretches  and  comp  stresses  as  in  Fig.  22. 
weeks. 


Medium  consistency.    Age,  26 


Digitized  by  CiOOg  IC 
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For  abbreTiatlons,  symbolfl  and  refereneea^  see  p  1251. 

Strengrth  of  Conerete. 
Rcanlto,  in  general,  averages  of  3  specimens. 

8'  X  11',  12  ft  span        Max  comp  strgth.  Ibs/Q* 

Cinders 

Neut  Rupt  modf  6  in  cubes  8'  dia,  16*  long 

Water  axis*  » ' »    f- " »  « ■ » 

%  100m  4wks  26wks  4wks   26wks  4wks    26wks 

Cinder 

Wet 219  43.3       175      240  1,256     2,820  1.081     2,021 

Medm 20.6  39.9       198       277  1,191     2,766  1,201     2.203 

Damp 18.9  38.2       198       250  1,378     2,488  1.118     1.945 

GranUe 

Wet 9.0  49.9      375       539  3,156     4.753  2,683     3,966t 

Medm 8.3  47.2       475       666  4,089     4.949  3.480    3,9721 

Damp 7.0  48.3       499       618  4,518     5.465  4.000    3,969t 

GraTel 

Wet 9.7  49.9      391       435  2.299    3,814  2  060    3.486 

Medm 8.9  48.4      461       620  3,547     4,808  2,961     3,9721 

Damp 7.9  47.5       426       496  4,612     4384  3,407     3.969t 

lilmetttone 

Wet 10.9  48.8      422       507  5,141     3,460  3,072     3,216 

Medm 10.0  50.7       458       566  2,075    3.896  2,910    3,691 

Damp 8.5  48.1       537       589  4.367     5.025  2,894     3.942^ 

84    

84.  B.  O.  Clark,  Inst  C  E,  Procs.  Vol  171,  '06,  p  115. 

84  a.  Time  of  settlnuT  increased  by  aeration  and  by  addition 
off  iwrs*  A  cem,  which,  neat,  sets  in  an  hr,  will  make  a  cone  requiring 
4  or  6  Era  to  set. 

80     

85.  Hanlseh  and  Spltaer,  Mdrsch,  Der  Eisenbetonbau,  '08,  pp 
32-33. 

89 a.  Rnptnre  modnlna,  6  M  /b  d\  and  direct  compressive 
and  tensile  strengrth. 
Specimens. 

Gone.  1  :  3.5.  Six  plates.  268  days  old,  60  cm  (24')  wide,  7.8  to  11  cm 
(3  to  4.5')  thick;  span,  150  cm  (60*). 

Treatment.     Plate  broken  transversely;  comp  and  tension  test  pieces 
made  from  the  fragments. 
Results.    Stresses  in  lbs  /  Q'. 

Rnptnre  modnlns       compression       tension 

max 775  5000  412 

mean 682  4380  356 

min 614  3640  284 

Comparison  of  the  values  for  tension  with  the  rupture  modulus  shows  that 
the  formnia,  rupture  mod  —  6  M  /  6  d ',  is  not  applicable  to  materials  in 
which,  as  in  cone,  the  elas  mod  varies  widely,  and  that  the  rupture  moduli, 
obtained  by  means  of  the  formula,  are  to  be  used  only  as  a  means  of  compari- 
son. 

86     

86.  Richard  I«.  Hnmpiirejr  and  Wm.  Jordan,  Jr.,  U  S  G  S, 

Bull  No.  331,  '08.     Results  of  Teats  made  at  the  Structural-Materials  Test- 
ing Laboratories,  St.  Louis,  '05-7. 

86  a.  Gravel  screenlni^  In  ^neral  the  tensile  and  comp  strgths 
of  mortars  seem  to  increase  with  density  of  screenings. 

*m  »  (depth  of  neut  ax  below  top  of  beam)  -i-  (total  depth  of  beam), 
t  "Rupture  modulus "  -^  Q  M  /ha\lha  /  Q";  iu  —  moment  under  max 
load. 
tCyUnder  did  not  bn»k.  ^,^,,,^^^  ,yL.OOgle 


i 
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For  IHreetorjr  to  Experiments,  see  pp  1303-7. 
86  b.  Stone  screeninss.     In  cenerftl,  stri^  of  mortar  was  greatest  with 


screenings  most  nearly  uniform  in  grading.    The  fltrenstJh  i 

itself,  from  which  the  screenings  are  derived,  has  an  important  beaiinc  on 

the  strgth  of  the  resulting  mortar. 

86  €•  Density  of  mortaro  is  greatest  with  densest  sand. 

86  d.  Sand  mortars.  Tensile,  compressive  and  transverse  stroactfes 
were  invariably  much  greater  wltli  dense  sands  than  with  tboss 
having  a  larger  percentage  of  voids. 

86  e«  Greatest  strgth  obtained  when  sand  is  uniformly  graded. 

86 r.  A  ^* typical  mix**  of  7  Port  cems,  like  the  separate  brands, 
reached  max  tensile  strenarth  in  90  days.  Like  the  beat  of  these,  it 
maintained  this  max  to  180  as,  and  its  subsequent  loss,  at  one  yr  and  later. 
was  no  greater  than  for  the  best  of  the  separate  brands. 

869.  Age  of  briquet.  Tests  after  180  dasni  showed  greater  uni- 
formity than  at  90  days  and  shorter  periods. 

86  ii.  After  the  180  and  360  dav  tests,  the  strgths  of  all  the  sand  mortare 
were  reasonably  close  to  one  another,  showing  that  considerable  vmriation 
in  early  strengrtli  does  not  seriously  affect  the  later  strenipt^ 


lOOOr 


180 

Wig  84. 

861.  Tensile  and  Compressive  Strengths  off  Portlaad 
Cement  Mortars,  neat  and  1  : 3  standard  Ottawa  sand.  See  ftcs  23  and 
24.    Each  curve  represents  an  av  of  10  tests.       Jigitized  by\jOOg . 
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For  abl»yTlmtion»,  ■ymboto  and  refBrenccg,  see  p  1251. 

oJ^^^i^Sfi^'oo  "^^  5®S2  ;^"  •  mixture  of  equal  parts  of  7  diff  brands. 
Dee  Hixpts  oo  1 ;  oo  g  and  86  h. 

Test  Pieoes,  in  molds,  stored  in  moist  closet  24  hrs;  then  kept  in  running 
water,  abt  70*  F,  until  tested.  Tension  briquets  1  sq  inch  section.  Com^ 
pression  specimens,  2*  cubes. 

Results  as  in  Figs  23  and  24. 

ENT'oSTFebaTus!^  ^''"'  *  ^"^  R-   R-     E  K.  '08.   Jan   1«: 
87a.  Mica;  water  required;  strenyth. 
Spee^mens. 

Sieve  No 10  20  50  100 

%  of  mica  passing, 100  29  10  4.5 

Sand,  Ottawa  standd.     Mortar  1  :  3  sand,  or  1  :  3  sand  and  mica  by  wt. 


Hlea ;  %  of  weight  of  sand 0  6  10        16          20 

Tolds,  %  in  Ottawa  sand 37  ...  67 

Relative  spgrr  of  Ottawa  sand 100  ...  80 

Water  required:  relative. .  100  ...  ""       ^nn 


raterrequired;  relative. .      100       ...  ..'.       300 

TensUe  strenytli, 6 mos,  relative.     100       64        62        59         40 
The  smoothness  of  surf  of  the  mica  particles  renders  their  adhesion  low. 

SS    

881.  Prof  J.  li.  Van  Omam,  Washington  Univ,  St.  Louis:  for 
Reinforced  Concrete  Constr  Co.,  St.  Louis.    EN,  '08,  Feb  6,  p.  142. 

SSa.  Adhesion. 

Speelmens.  TUan  round  steel  rods,  diams.  ^tolH",  imbedded  in 
12*  X  12*  pnsniatic  blocks  of  1  :  2  :  4  cone,  90  days  old.  MecQum  steel  rods 
imbedded  26  diams;  high  carbon  steel  rods,  40  oiams. 

Besnlts.     See  table  below,  in  which, 

for  Steel : 

«     —  Ult  str^h,  in  thousands  of  Ibs/O'': 

9^    —  Elastic  limit,  in  thousands  of  Ibs/Q'; 

e     —  Elon^tion,  %; 

E    —  Elastic  mod,  in  millions  of  Ibs/G''* 

for  Steel  and  concrete: 

a    —  Area  of  imbedded  surf,  D''; 

B    -  Adhesion,  Ibs/D'  of  a; 

P    —  Friction  after  supping,  Ibs/Q*. 

Steel 

Medium 

Max 

Av 

Min 

High  Carbon 

Max 

Av.... ... 

Min 


S^ 

Bel 

Steel  and  Cone. 

c 

•c 

e 

E 

a 

B      F 

F/- 

60.9 
58.6 
65.6 

40.6 
39.1 
38.4 

29.0 
26.1 
22.5 

29.9 
29.5 
28.6 

126.8 
62.1 
21.7 

460    380 
406     342 
370    310 

0.82 
0.85 
0.83o 

109.6 
92.6 
83.9 

60.7 
56.1 
53.1 

20.7 
17.6 
15.7 

30.6 
29.8 
28.9 

198.3 
92.1 
32.7 

470    280 
392     240 
330    200 

0.596 
0.613 
0.606 

In  all  cases,  the  total  pull  which  overcame  the  adhesion  exceeded  that 
which  brought  the  steel  to  its  elas  lim. 

89    

89.  W.  S.  Keed.  Engrs'  aub  of  Phila.,  Procs.  Vol  25.  No  3,  p  290, 
'08,  Jul. 

89  a.  Friction  of  sand.  Exp  by  More  and  Harris  Tabor.  Top 
pTBB,  lbB/D*f  reqd  to  give  10  Ibs/Q'  at  bottom  of  box.     .    r^r^i^i^ 

Oigitizeci  by  VJvJVJ  V  IV^ 
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For  IHrectory  to  Experiments,  see  pp  1303-7. 


2.5 
Box 

4*  X  4' 12.5 

C  X  6* 11.5 


Depth  of  sand,  ins 

5  7.5  10 

Top  pressure,  lbs  /  D* 

17.5             34  42 
26 


891k  Faainc  point  of  qaiurts  sands.  Exp  by  Prof  Ueinrieh 
Ries.  CorneU  Umv.    3254<'  F. 

_     90     — 

90.  Enff  News,  'OS,  Aug  27,  p.  238. 

90a.  Sea  water.    Charlestown,  Mass,  Navy  Yard. 

BTonreinforeed  arches,  built  '01,  by  Bureau  of  Yards  and  Docks 
Tidal  salt  w^ater,  not  highly  polluted,  out  often  ft^eslna- ;  range  of 
tide  10  ft.     Specification  called  for  "continuous  construction  from  pi«-  to 

Eier  of  the  arcn  rings."  3'  mortar  face,  1:1.  Mass  cone  1:2:4  for  2  ft 
ack  from  face,  1:3:6  interior;  "a  standd  cem  and  a  local  gravel." 
Probably  porous.  No  special  effort  toward  density  or  waterproofing.  Speefn 
provided:  "The  contractor  must  furnish  satisfactory  evidence  of  the  dura- 
DiUty  in  sea  water  of  the  brand  of  cem  he  proposes  to  furnish."  The  show- 
ing spandrel  walls  weie  built  after  completion  of  arch  ring.  Dry,  well- 
tamped.  Serious  disintegration.  Damage  mainly  betw  H  W  and  L  W. 
Cone  backing  considerably  affected. 

91     

01.  C  James  ITlcholas,  Melbourne,  Viotoris.  E  N,  '08,  Dec  24, 
p710. 

91  a.  Eleetroljrsis  in  cement  mortars. 

Speelmens.  16  cylinders,  8"  diam,  8'  high.  Standd  Port  cem  ;  coarse 
sand,  voids  51  %.  Mortar  tamped  in  1  H'  layers  untU  a  little  water  flushed 
to  surf.  Positive  electrode,  normallv  a  l'^  steel  pipe,  12*  long,  lower  end 
corked,  immersed,  in  axis  of  cyl,  to  depth  of  5*  in  cone. 

Treatment.  Cyls  set  in  fresh  water  <  28  days.  8  oyls  tested  with 
constant  current  of  about  0.1  ampere;  5  with  constant  potential 
of  about  115  volts  (higher  currents,  one  with  reversed  current);  3  not  sub- 
jected to  current.  For  current,  cyls  placed  in  3  %  salt  solution  in  separate 
metal  pails  (which  normally  tormea  the  negative  electrodes),  and  eon- 
nected  in  series.    Cyb  from  29  to  57  days  old  at  beginning  of  test. 

Resnlts. 

All  cylinders,  under  current,  cracked.  Cracks  attributed  to  aocumu- 
lation  and  pres  of  liberated  gases.  Cracks  at  first  hair-like,  exuding  mois- 
ture, which  dampened  adjacent  surf.  Cracks  widened  under  continued 
current.  With  constant  current,  cracks  appeared  when  resistance  reached 
max.  Resistance  in  general  inversely  proportional  to  percentage  off 
sand.  Cyls  Nos  1  and  2  easily  pried  open.  In  Nos  2  and  9,  steel  pipe 
was  rnsted  and  pitted  on  outside,  adjacent  to  crack.  With  (const 
')tential)  reversed  current  (No  12),  no  rust  or  pitting. 

Cyls  not  subjected  to  current  were    not    cracked.    They  read 

•out  20  blows,  with  heavy  hammer  and  cold  chisel,  to  break  them.     Ko 

St. 


Constant  Current,  0.1  ampere 
No  of  Specimen. 

Constant  Potential. 

115  volts 

No  of  Specimen. 

1 

1  :3 
75 

7 

2 

1:3 

75 

7 

9 

1:1 
50 
10 

10 

1:1 
50 
16 

13 
15 

14 
15 

5 

1:0 
0 
28 

6 

1:0 
0 
15 

8 

1:3 
76 

5 
120 

11 

1:1 
50 

19' 
130 

12 

1:1 
50 

26' 
240 

16 

9* 
163 

7 

Mix 

Sand,%.. 
Days*  . .  . 
Miis*  ... 

1:0 
0 

'9* 

Ohmflt   .  . 

80 

90 

420 

270 

230 

270 

2900 

1080 

190 

♦  To  first  crack. 


t  Approximate  maximum  resutanoe. 
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For  abbreviations,  symbols  and  references,  see  p  1251. 

~- 92    

92.  *'  H,"  of  Lafayette,  Ind.     Letter  in  E  N,  '08,  Dec  31,  p.  751. 
92  a.  Clay.     In  cone  for  cols,  iin'avel  contained  5  %  day,  which  floated 
to  top  in  churning,  and  left  1  Vi'  of  worthless  material  near  top  of  col. 

93     

98.  A.  H.  Campbell,  Ogden,  Utah.    £  N,  'OS.  Deo  31,  p  751. 

9Sa.  Gradlnip  and  Impermeability.  Finish.  2  million 
gal  rectangular  reinfd  cone  water  tank,  20  ft  deep.  Floor,  6'  thick;  walis 
8  to  18*.  1  cera,  2  ordinary  sand,  4  stone  (quartrite  boulders,  porphyry 
and  flinty  limestone)  crush^  to  1*,  with  dust;  **a  heavy  percentage  of 
crushed  dust  and  sand"  ;  machine  mixt;  ''consistency  that  would  almost 
pour."  Floor  laid  in  blocks  about  15  ft  sq,  "allowing  a  half-lap  of  2  ft;" 
wails  in  continuous  20*  layers.  Finish  of  1  :  1  cem  and  crusher  dust, 
applied  with  ordinary  broom  trimmed  short.  Clear  water.  No  perceptible 
checking  in  surf.     Apparently  no  seepage. 


94.  John  C.  Trantwlne,  Jr.    '09. 

94  a.  I>enslty  of  sand ;  shape  of  ipraln.  1 00  measures  of  rQunded 
sand  grains,  or  of  angular  crushed  quartz  grains,  poured  very  slowly  into 
60  measures  of  water.  Exps  Nos  1  and  2  were  made  with  sand  grains;  Nos 
3  and  4  with  crushed  quarts  grains.  The  left  side  of  each  diagram.  Fig  25, 
represents  the  bottom  of  the  vessel;  and  the  numerals,  04,  121,  etc.,  show 
the  elevations  of  the  surfs  of  sand  and  of  water  respectively,  after  the  sand 
Srains  had  been  poured  into  the  water. 


?t 


94 


I 


121 


r 


'  106  111 


96  ! 


ZJL 


0  30  40  60  80  100  120 

JBlevatlon  ctfmmdand  voaitr  murjaoe^  above  bottQ»  of  veasel, 
Flff  25. 

In  No  4,  the  crushed  quarts,  in  the  water,  was  stirred,  from  time  to  time, 
during  the  pouring,  in  order  to  liberate  any  air  which,  in  spite  of  the  slowness 
of  pouring,  might  have  been  carried  into  the  water  with  the  saud  grains. 
The  fact  that  the  water  stands  at  practically  the  same  ht  in  4  as  in  3,  indi- 
cates that  no  more  air  was  carried  down  in  3  than  in  4,  and  that  the  stirring 
merely  brought  the  grains  into  closer  contact  than  when  left  to  themselves. 


(i 


Digitized  by  CjOOQ  IC 


1352  CONCBETE. 

]>IO£8T  OF    8P£€IFI€ATIOWS,   £T€. 

FOR  QENERAIi  CONCRETE  WORK, 

Pa«e8  1354  to  1369. 
lilSTS  OF  SPECIFICATIONS,  ETC,  VSEB. 

Alphabetical  Ust. 

See  Classified  list,  p  1358. 
(For  additional  abbreviations,  see  also  p  1251.) 

AH,  Algoma  Harbor,  Wis..  Caisson  breakwater,  etc,  U.  S.  Enere,  '06, 

Jan  24. 
BB,  Breakwater.  Buffalo,  N.  Y.,  Emile  Low.  U.  S.  Engrs  A  S  C  E,  Trans 

'04,  Jun,  Vol  52,  p  73. 
BR,  Black  Rock  Harbor  and  Channel,  Buffalo,  N.  Y.    Ship  lock  walk 

U.  S.  Engrs,  '07,  Dec  19. 
Ba,  Burlington,  Vt.,  Mechanical  filter  plant,  Hering  and  Fuller,  '07. 
Ch,  Chicago,  '06;  proposed  amendments  to  Building  Code  of  '05-6. 
Ci,  Cincinnati,  O,  Geo.  H.  Bencenberg; 

a;  Filters,  etc,  '05;  b.  Head-house,  etc,  '06. 
Co,  Columbus,  O,  John  H.  Gregory; 

a.  Filters,  etc,  '05;  b.  Pumping  station  and  intake,  '06. 
CR,  Columbia  River  impvmts.  Ore.  and  Wash.,  Canal.    U.  S.  Engra,  '06. 

Aug  1. 
CS,  Concrete-Steel  Engineering  Co.,  Edwin  Thacher,  genl  specfns;  MeUn, 

Thacher  and  von  Emperger  patents,  '03. 

F,  Wm.  B.  Fuller,  Filters,  specification  received,  '08. 

FP,  Pensacola,  Fla.,  repair  and  protection  of  sea  walls.    U.  S.  Engrs,  06, 

Apr  18. 

FW,  Fort  Williams,  Me.,  Wharf,  Ship  Cove.    U.  8.  Engrs,  '08,  April  14. 

G,  General  practice. 

Hb,  Harrisonburg,  La.,  Lock  and  dam  No.  .2.     U.  S.  Engrs,  '06,  May  13. 
IM,  Illinois  &  Mississippi  Canal.Locks,  Eastern  Section.   U.  S.  Engrs,  Jas. 

C.  Long,  Western  Soc  of  Engrs,  '01,  Apr,  Vol  6,  No.  2,  p  132. 
JC,  Recommendations  in  Report  of  Joint  Comm  ofASCE.  ASTM,  Am  Ry 

Eng  &  M  W  Assn,  and  Assn  of  Am  Port  Cem  Mfrs,  '09,  Jan. 
Ij,  Louisville,  Ky.,  Building  Ordinance,  '07. 
liP,  Liverpool  Harbor  Improvement,  Geo  Cecil  Kenyon,  A  SC £,  Trans,  '04, 

Jun,  Vol  52,  p  36. 
I^T,  Louisville,  Ky.,  Southern  Outfall  Sewer,  '07. 
HI c,  McCall  Ferry  dam,  Susquehanna  River,  Pa.,  '08. 
Hb,  Manhattan,  Borough  of  — ,  Regtdations  of  Bureau  of  BIdgs,  '03,  S^. 
ms,  Massachusetts  Legislature,  Acts  and  Resolves  of  the  — ,  '07. 
NO,  New  Orleans,  La.,  Water  Purification  Stations,  '06,  Sep  5. 
TT,  New  York.     Building  Code  approved  '99,  Oct  24,  with  amendmants  to 

'06,  Apr  12. 
0,  Ohio  R  below  Pittsburg,  Pa.,  Dam  No.  19,  Abatmeat.  U.  S.  Engn, 

'08,  Jul  25. 
Ift,  Philadelphia.     Regulations  of  Bureau  of  BMg  Inspection,  approved 

'07,  Oct  8.    Engrs'  Club  of  Phila.,  Oct  '07.  Vol  24,  No  4. 
£,  Superior  Entry,  Wis.,  South  Pier.  Clarence  Coleman,  Asst  Engr.  Report. 

Chief  of  Engrs,  U.  S.  A.,  '04,  Part  4,  pp  3779,  etc. 
TR,  Tennessee  R,  below  Chattanooga,  Tenn.,  River  wall.  U.  S.  Engrs.  '06. 

May  27. 
TAT,  Taylor  and  Thompson,  "Concrete,  Plain  and  Reinforced,"  publisht 

by  John  Wiley  and  Sons,  New  York,  '05,  pp  33-37. 
Un,  Underwriters,  National  Board  of  Fire — ,  Building  Code  recommended. 

New  York,  '07. 
IV'SI,  Waddell  and  Harrington,  general  specifications,  received  '07,  Dee. 
Wv.  Wellsville,  O.,  Navigation  pass.  Dam  No.  8,  near—.   U.  S.  Enns.  'Oa 

Feb  27. 
Yo,  Yonkers,  N.  Y.,  covered  masonry  filters,  '07.3igitizedby\j OOQlC 
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ClaMilied  Ust. 

See  Alphabetical  Lbt,  p  1352. 

U.  S.  Qoyt  work,  AH,  BB,  BB,  €B,  FP,  FW,  Hb,  IIH,  SB,  Wv. 

Breakwaters.  AH,  BB,  8E. 

Sea  walls,  FP,  SB,  TB. 

LookB  and  canals,  BB,  €B,  Hb,  IH. 

Harbor  improvement,  jLp,  8£. 

Wharves,  FW,  I-p. 

Dams,  Hb,  M€,  OB,  Wt. 

PimipinK  stations,  etc,  Ci  b,  Co  b. 

Filter  plants,  Bn,  CI  a,  Co  a,  F,  NO,  To. 

Sewers,  !-▼. 

Bridges,  CS. 

Building  codes.  Cb,I<.  Mh,  Ms,  IfT,  Pb,  Uii. 

General,  C8,  JC,  TAT,  WH. 
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1354  CX)NCRET£. 

For  Usto  of  SpedfioatioDfl  for  Concrete,  see  pp  1352.  1353. 

In  order  to  compare  intelligently  the  requiremente  of  diff  specfos,  the 
character  of  the  work  involved  must  of  couTBe  be  taken  into  account. 

DIOI»T. 

Cement. 
1.  Bfftnd.  Portland  or  natural,  JiY ;  Port  just  under  lower  miter  mil 
nat  eluewhere  in  foundations.  Port  in  lock  walls  except  for  a  backing.  2  ft 
deep,  at  base,  Port  and  nat  bonded  together,  IM;  for  retDforced  work. 
Portland,  «;  Am  Port,  C»,  BR,  Hb,  FW;  "Universal"  Portlaaa 
cement,  NJE ;  oem  made  by  mfr  of  established  reputation  (in  successful  opera- 
tion not  less  than  2  yrs,  F),  brand  in  continuous  successful  use  (in  America,  F  i 
for  the  last  5  yrs  (3  yrs^CS)  G ;  in  satisfactory  use  in  similar  quantities  by  U.S. 
En{|rr  Dept  at  Laree,  TR ;  of  tried  uniformity,  in  use  not  less  than  3  yrs  in 
similar  climate,  CR,  Hb;  only  one  brand  to  be  used,  G;  except  for  good 
reasons,  F ;  only  one  brand  in  any  monolith,  FP.  Portld  in  reinid  work  arA 
where  subject  to  shocks  or  vibrations  or  to  stresses  other  than  direct  comp: 
nat  in  massive  work  where  weight  is  more  important  than  strgth,  and  where 
economy  is  the  governing  factor;  puzsolan  only  for  foundations  uadeiiground, 
not  exposed  to  air  or  to  running  water,  JC. 

3.  Requiremente.  For  StrenfftlM.  etc.,  see  Digest  of  Shpecfn  for 
cem,  by  A  S  T  M,  p  940,  Report  of  Board  of  U.  S.  Engr  Officers,  ProH  Papers 
No  28,  Corps  of  Engrs,  U.S.A.,  '01,  p  037,  and  Digest  of  Specfn  b\'  Eogng 
Standards  Comm  of  Great  Britain,  p  940.  For  teats,  see  Digest  of 
Specfn  of  A  S  C  E,  p  942.  Slow  setting,  FP;  must  have  been  tested  <  6  moe. 
>  12  mos,  prior  to  issue  of  permit.  L;must  meet  requirements  of  Profl 
Paper  No.  28,  Corps  of  Engrs,  U.S.A.,  '01,  p  940,  BR,  AH,  TR,  CR, 
FW,  Wt,  FP,  Hb. 

8.  Sblpment.  Packa^res  to  "contain  either  380  lbs  or  some  even 
division  of  380  lbs,"  EiV;  m  cooperage  or  in  cloth  bags,  KO;  bag,  93  lb? 
(94  lbs,  Co)  net,  bbl  -  4  bags,  SO ;  in  bbls,  lined  with  paper,  CR,  WH ; 
in  cloth  bags,  €1 ;  may  be  delivered  in  paper  bags,  Wt. 

4.  Storagre  at  site  of  work.  In  weather-tight  bldg,  with  floor  raised 
(<  6',  T  A  *F)  above  ground,  O ;  and  holding  <  2  wks'  supply  under  av  con- 
ditions of  work,  CI ;  cem  in  bags  may  be  us«i  after  3  mos  storage,  rejected 
if  it  becomes  lumpy  or  otherwise  deteriorated  within  that  time,  JBR  ;  cem, 
kept  over  winter,  re-tested  before  using,  Wv. 

Band. 

5.  General.  Silica,  hard,  clean,  sharp,  O.  Reasonably  dean,  coaiae, 
F ;  water  worn,  voids  ■»  35  %,  SB.  **Sharpne8s",purpoeely  omitted,  TAT. 
River  sand,  CI,  a. 

6.  SIxe.  Well  graded,  with  fine,  mediimi  and  coarse  grains.  F,  !«▼, 
KO.  Co.  Coarse,  or  coarse  and  fine,  mixed,  C8,  TAT.  Coarse  pre- 
dominating; coarse  preferred  at  double  or  treble  cost,  TAT.  Medium, 
CI.  a.  Largest  to  pass  screen  of  >4'  mesh,  G.  >  10  %  coarser  than  %'» 
KO ;  <  50  %  retained  on  No.  30  sieve  (holes  0.022*  D).WH.  >  40  %  to 
->asa  No.  50  sieve  (2500  meshes  /  Q"),  Hb.     >  3  %  very  fine.  NO,  Co, 

^1,  a.     >  6  %  very  fine,  Ba. 

Foreiicn  matter  (day,  loam,  sticks).  None,  CS,  TAT;  >2% 
ro,  >  3  %,  Co,  I-T ;  >  5%.  Wv,  OD,  TR,  CR,  Bo.  >  10  %  clayey. 
lH .  >  3  %  clay,  etc,  >  2  %  mica,  F W ;  >  4  %  free  loam,  Hb ;  sand  may 
e  moist,  not  wet,  TR  ;  stored  on  a  board  platform,  CR  ;  or  in  bins,  Wt. 

7.  Sereenini^.  Crusher  dust,  passing  H'  screen,  from  broken  stone, 
may  be  substituted  for  part  or  aU  of  the  sand,  TAT;  *' screenings  A  erosht 
stone  may  be  substituted  for  sand  and  gravel  under  spedal  conditions." 
F;  screenings  permitted,  BR,  CR;  if  passing  H' screen,  TR;  screenings 
preferred  to  sand,  AH. 

Anrreipate  («•  Ballast  **). 


bricks,  terra  cotta,  furnace  slag  or  nard  clean  dndexB,  Vii :  broken  stone 
preferred,  gravd  permitted  for  mterior  of  piers,  pedestals  ana  abuts,  WH; 
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For  abbreTiattons,  ■ymboUi  and  refferenees,  see  p  1251. 

9.  Reqatremento.  Clean,  hard,  durable:  free  from  dust,  ioam, 
clay  and  perishable  matter:  washed  or  soreened  it  reqd,  O;  approx  cubical, 
CS,  AH;  free  from  long  thin  pieces,  BR,  BTO.  €S;  <  125  Ibs/ou  ft,  FP; 

<  130  Ibs/cu  ftJKb ;  voids  -  31  %,  SE ;  drenched  before  using,  O ;  but  not 
to  carry  water,  w  v  ;  kept  thoroly  sprinlded,  IHI,  Hb. 

10.  Siaes.  inches:  min,  H.  O;  H.  FW,  Mc;  max.  %jVn;  1  ^,  Ba; 
2,  C(;  23^BLb;  3,  IfO,  Co,  €1,  a,  FP,  S£:  gravel,  3.  F;  stone,  run  of 
crusher,  F,  Me,  AH;  1  to  2^,  according  to  grade  oi  work,  AH;  for 
foundations,  2  ;  for  superstructure,  IK ;  for  beams,  cols  and  girders,  1,  I«; 
gravel,  <  90  %  over  1  >^,  >  10  %  sand,  Hb. 

1  cubic  foot  of  stone,  gravd  or  sand  grit  contained 

Agg  cu  ft       lbs  cu  ft      lbs  cu  ft  lbs 

Stone: coarse,  0.63     53.8;    fine,    0.33    30.4;   dust,  0.11     11 

Gravel;...  pebbles,  f^',  0.80    81.5;    sand.  0.29     20.2;  

Saod  grit;  gravel,  H"  to  M".  0.47    47.2;    sand.  0.59     59.3;  

BB. 

11.  Storage.    Stored  on  wooden  platforms,  CR,  Wt  ;  or  in  bins,  Wt. 
19.  Cinder  concrete.   Allowed  only  for  floors,  roofs  and  filling,  Ms. 

Reinfd  cinder  cone  to  be  used  only  upon  special  permit  of  Inspector  of 
Bldgs,  I<. 

IS.  *'  May  be  used  for  all  bldgs  in  which  fireproof  construction  is  mandatory 
by  this  Chapter,  or  where  ordinary  constr,  mill  constr  or  slow  burning  constr 
may  be  used,"  not  for  cols,  piers  or  walls.  Clean,  thoroly  burnt  steam- 
boiler  cinders;  mix.  Port  cem,  not  poorer  than  1  :  7.  Cinders  must  pass  1' 
sq  mesh,  Cb. 

14.  "All  other  special  requirements  and  methods  of  calculation  for 
reinfd  cono  as  reqd  in  this  Cnapter  shall  modify  and  regulate  the  use  of 
cinder  cono  in  bldgs,"  €h. 

15.  I<ar(re  Stones. 

Hard,  sound,  durable,  as  lar^  as  can  be  conveniently  handled;  washed 
clean;  placed  wet;  one  dimension  <  12';  no  dimension  less  than  4*;  no 
stone  less  than  2*  from  faces  exposed  in  finished  work,  oono  joggled  into 
place  with  light  rammers,  Co. 

16.  >  100  lbs.  <  3'  from  forms  or  from  other  large  stones.  (From 
Specfn  for  a  Soldiers'  Home.) 

17.  Permitted  in  walls  >  than  18'  thick,  diam  >  quarter  of  the  thick* 
neas  of  wall,  vol  of  stone  >  one-fifth  vol  of  wall,  Yo. 

18.  One-man  stones  and  larger,  roughly  cubical;  long  flat  pieces  to  be 
broken  or  rejected:  stones  somewhat  uniformly  scattered  thruout  the  work; 

<  8'  apart,  <  2  tt  from  crest  or  down-stream  face;  dropped  separately 
into  bed  of  wet  cone,  pounded  down  if  necessary;  if  necessary,  cone  spaded 
under  and  around  tne  stones;  each  stone  to  be  covered  with  cone  before 
other  stones  are  deposited.  Use  as  many  stones  as  possible  without  violating 
these  conditions.  He. 

19.  "Plums."  Stones,  from  one-man  to  several  tons  (sometimes  from 
old  masonry),  aggregating  abt  30  %  of  the  finished  work  <  1  ft  from  wall 
surf.  Set  in  topTayer  of  cone  and  so  as  to  form  bond  with  next  layer  by 
projecting  upwiutl  into  it,  Lp. 

20.  Proportions,  see  pp  1254  to  1258. 

Measarement  of  Inipi'^^^nts. 
91.  Cem  measd  *'  as  if  compacted  so  that  880  lbs  of  dry  Port  shall  have  a 
vol  of  3.8  cu  ft,"  liT;  cem  measd  loose,  CS,  WH;  1  bag  cem  <  93  lb  -  1 
cu  ft,  NO.  €1.  Om  measd  as  packt  by  mfr,  OD.  !«,  T  A  T.  Sand  and 
aaEmeasa  as  thrown  loosely  into  measuring  box,  €*.  AU  measd  loose,  CS, 
WH;  100  lbs  cem  considered  to  occupy  thc^ol  of  1  cub  ft,  F. 

Conststenejr. 

22.  In  genera],  **very  wet,"  MO;  water  to  come  to  surf  with  moderate 
ramming,  CS;  without  serious  quaking,  OD,  TR;  suflSciently  fluid  to 
require  no  ramming,  Me;  little  or  no  tamping,  Hb. 
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For  Umtm  of  SpaofioitioiM  for  GoMrate.  am  pp  1988.  U88. 

SS.  (a)  For  ordinorjr  mamam  ooae,  mch  as  foundatioBa,  haay  b  wiOa, 
large  arehea,  piara  and  abuta;  medtam  miztura,  of  a  tenaeioua  i«ly-lak» 
conaiateney,  quakix^  on  ramming.    TAT. 

(h)  For  rabble  eone  and  fOr  relnfil  eoae*  sueh  aa  thin  bidg 
waJla,  cola,  doors,  oonduits,  tanks;  TOry  wet  or  mnslix,  ao  aoft  that 
it  must  be  handled  quickly  to  prevent  its  running  off  the  ahoyel.    V  4kT, 

(c)  In  dry  locations  for  maao  fOnndatloaa,  which  muat  with- 
stand serere  comp  within  1  mo  after  placing,  ^^dry  **  cone,  eooaisteiicy  of 
damp  earth,  provided  it  be  spread  in  6'  layers  and  rammed  until  wattf 
flushes  to  surt.     Not  permissible  in  reinfd  work,  TAT. 

24.  **  Slonpx.**  Men,  spreading  eone  in  ultimate  poaition,  wear  water- 
tight leather  knee-boots,  and  are  ankle-deep Jn  the  cone,  lip. 

!B5.  In  fonndatlons,  "sufficient  water  to  cohere  when  rammad  in 
place  by  304b  iron-shod  rammers;"  In  loek  walls,  enough  for  ooinplete 
hydration  of  oem;  enough  for  coherence  after  thoro  mixing;  muMe  puiatk 
than  damp  sand;  thoro  nunming  must  bring  water  to  surf;  inetptent 
(lualdng  marks  the  limit;  any  excess  of  water  in  one  charge  may  be  corrected 
in  the  next:  consistency  varied,  from  time  to  time,  to  suit  eooditiona  of 
weather  and  constituents,  IM. 

26.  Cono  for  substructure  much  dryer  than  that  for  superBtractnre,  SS. 
Cone,  placed  under  water  to  be  semi-dry.  Pit. 

27.  Water  per  batch,  approx: 

3.5  ou  ft  per  batch  of  43.2  cu  ft,  making  28.5  en  ft  rammed;  p  180; 

2.6  "  "  "    28.8     "  "        20.0    *'  -      ;  P  17».  BB. 


28.  Hand  ts  machine.  By  hand  for  foundationa,  by  cubical  mixen 
_i>r  lock  walla,  IHs  by  cubical  mixer,  8B|  by  machine,  F,  BB,  AH,  HO, 
Bn,  €}09  Gl,b;  by  machine  when  amount  of  work  exeeeda  1000  ca  yds. 


€S;  by  machine  in  general,  TB,  Hb,  WH5  "prefsonbly  by 
mixers  of  the  continuous  type  which  automatical^  measure  aad  aeon  uw 
correct  proportions  in  amsil  streams  into  the  mixing  chamber/'  Ft  by 
batch  machine,  Bn,  CI9  b  x  "  mechanical  batch  mixer . .  ,  exeept  whan  Imiit* 
ed  quantities  are  read  or  when  the  condition  of  the  work  makes  hand  mixing 

f  referable;  hand  mixing. .  .only  when  approved  by  the  Bureau  at  Bldg 
nspection,"  Ph;  batch  mixer,  Hb,  €11,  Wt,  FWt  <  100  cu  yda  per 
8  hour  day,  FW  ;  batch  mixers  preferred,  continuous  mixers  only  by  special 

written  permission  of  engineer,  WH.  

Metbod.    Materials  mixt  dry  before  adding  water,  CB,  ITT;    turned 
<  100  times,  €l,b.     "In  all  mixing  the  material  shall  be  meaad  for  each 
batch; "  agg,  if  hot  and  dry,  to  be  wetted  before  going  to  mixer*  JPB.     One 
batch  completely  discharged  before  the  next  is  introduoed.    Not  leaa  than  25 
revolutions  for  each  batch,  turning  oonc  over  not  less  than  once  «aeh  revo- 
lution, Un  I  order  of  charging,  1st  gravel,  2d  cem,  3d  stone,  4th  watar»  each 
batch  turned  <  2  mina,  >  0  revolutiona  per  min,  extra  turoa  to  be  given 
when  time  permits,  UK. 
29.  Batch  mixing.    Cem  (2  cub  ft  per  batch)  mixt  into  a  roqgh  paste 
n  platform.    First  pebbles,  then  sand  and  cem  paste,  then  broken  stone, 
umped,  thru  hole  in  platform,  into  box  on  car  below.  Box  dumped  into 
lixer;  6  to  10  revolutions:  7  to  14  batches  per  hr.     With  14  batdkea,  12 
len  reqd  for  ramming,  BB;  first  sand,  then  oem,  then  agg,  then  water 
rn,  OD. 

50.  Hand  mixinc.  Cem  and  sand  mixt  dry;  wet  stone  added;  water 
added,  €S.  Cem  ana  sand  mixt  dry,  water  added,  agg  spread  not  more  than 
6'  thick,  sprinkled,  mortar  spread  over  agg  and  mixt,  Pb«  Cem  and  sand 
mixt  dry,  water  added,  mortar  mixt,  agg  ^wetted)  added,  all  mixt,  Hb; 
mixture  of  sand  and  a^g  first  spread  in  thin  layer  on  a  timber  platfonn. 
cem  spread  on  top,  mixt  dry,  tumd  over  as  water  is  gradually  added; 
broken  stone,  if  used  with  gravel,  is  added  wet  to  the  wet  maas,  wH. 

51.  On  tight  platform,  lar^  enol^h  for  2  batches  of  not  over  1  en  yd 
each.  Cem  and  sand  spread  in  thin  layers  and  mixt  dry  until  of  unifona 
color. 

Then  use  either  one  of  3  optional  methods,  as  follows : 
(1)  Mixture  of  cem  and  sand  spread  upon  layer  of  stone; 
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For  abbreTlattOBs,  sxiiiboUi  ab4  referenoea,  see  p  1261. 

(2)  Stone  shovelad  upon  mixture  of  oem  and  sand.  In  (1)  or  (2),  turn 
8  timee,  adding  water  in  first  turning. 

(8)  Mixture  of  oem  and  sand  made  into  mortar  and  spread  upon  stone. 
Maes  of  mortar  and  stone  turned  twioe*  TAT. 

SS.  In  any  case,  result  must  be  a  looee  cone  of  uniform  color  and  appear- 
ance, stones  thoroly  incorporated  into  mortar.  Consistency  uniform  thru- 
out,  TAT. 

S8.  "As  the  graTcl  box  was  being  filled,  the  cement  was  added  to  it 
gradually,  so  that,  when  the  gravel  box  was  full,  the  cement  box  was 
empty.  The  box  was  then  removed,  and  the  heap  leveled  off  to  a  uniform 
thickness  of  >  1  ft,  and  was  then  nuxed  by  casting  backward  and  forward 
twice, "  water  added  at  time  of  second  casting,  lip. 

Forms. 

84.  IjmgKtng,  Ofwell  seasoned  boards,  2*  thick,  drest  all  over,  tongued 
and  flToovedT  Co,  b :  2^  X  6"  pine,  drest  on  all  sides,  Hb ;  boards  planed  on 
one  side  and  two  edges;  one  edge  slightly  beveled  and  placed  against  the 
square  edseof  the  next  plank,  To$  boards  preferably  TT  X  6',  dressed-and- 
matohed  flooring,  WH  ;  forms  for  exposed  faces,  of  planed  lumber,  tongued 
and  grooved  or  beveled;  wall  forms  to  be  braced,  and*  where  possible,  to 
have  their  sides  wired  together,  €1  s  butt  joints  square,  and  either  on  posts 
or  reinfd.  Hb;  joints,  snowing  spaces,  to  be  filled  with  stiff  clay  immedy 
before  placing  cone,  Hb. 

Used  lamrlng^,  if  not  scarred,  may  be  used  again;  but,  for  exposed  work, 
must  be  cleaned  and  oild,  Hb. 


Generally  3'  X  8'  pine,  dxest  on  both  edges,  of  full  height  of 
wall,  >  4  ft  apart,  Hb. 

Centers  and  forms  to  be  wet,  IH;  if  reod,  before  lasdng,  NO,  C^,b; 
or  oiled,  MO.  According  to  ciraumstances,  forms  to  be  wetted  (except  in 
freesing  weather)  or  greased  with  crude  oil.  before  placing  cone,  T  A  Tt 
oild  just  before  use,  JHb;  painted  or  oild  before  recusing,  €R;  dampend 
just  before  placing  cone  and  kept  damp  until  work  has  haraened,  TR,  Wt. 

For  removal  of  forms,  see  p  1191. 

S5.  On  up-stream  face  of  dam,  molds  need  be  only  smooth  enough  to 

S've  good  substantial  work,  free  from  voids.     On  crest  and  down-stream 
ce,  molds  must  have  planed  surfs,  so  as  to  leave  the  finished  work  smooth. 
He. 

36.  Tie  rods,  left  in  cone,  must  not  come  nearer  to  cone  surf  than  2^, 
CR ;  projecting  ends  of  iron  bolts  and  rods  to  be  out  off  smooth  and  flush 
with  cone  face,  BR,  AH :  not  chiseled,  but  sawn  or  otherwise  removed 
without  iarring  the  work^  AH;  aids  for  holding  molds  not  to  be  inserted 
within  4  it  of  top  of  walls,  BR  ;  no  bolte,  etc,  to  snow  in  the  completed  work, 
OR. 

PlaeiniT,  Chnmiiiir  and  Ramming. 

87.  mprlit  work  prohibited  in  general,  TR.    Time  of  plaelnar ; 
cone  must  be  placed  within  80  mine  after   mixing,  AH,  MO,  €1,  1 
>  30  mine  "betw  wetting  the  cem  and  the  undisturbed  cone  in  final  plaoe^ 
F  9  before  initial  set,  TR,  OR,  CR,  Wt,  FW,  Hb,  Ba ;  after  mixing, 
mass  kept  in  motion  until  placed  in  vehicle  for  transportation,  TR.     No 
retemperlngr  or  rehandhng  permitted,  TR,  OR,  NO,  Bn,  Co^^Ci.  "^ 
JO.     Cone,  in  which  the  materials   have  separated,  must  be  remixt  ' 
hand  mixing,  BR,  AH);  before  laying,  TAT. 

Manipalation.  In  very  wet  cone,  air  must  be  churned  out,  stones 
workt  back  from  face,  and  cone  workt  under  rods,  etc.,  O;  bv  means  of 
thin  steel  or  iron  blades,  about  4'  X  6',  with  handles  of  adjustable  length, 
so  that  workmen  need  not  stand  in  cone,  N'O,  (7l,b.  Cone  to  be  joggled 
or  worked  into  place  by  light  ramming,  Rn,  Co :  ram  until  mortar  comes 
to  surface,  AH,  BR  ;  until  all  voids  are  filled  and  water  flushes  to  the  surf, 
en :  one  tamper  to  not  more  than  2  cu  ^ds  per  hr,  BR ;  rammers  with 
strildng  area  not  less  than  d6n*,  weighing  not  more  than  10  lbs,  Co; 
face  6'  sq,  weight,  with  handle,  about  20  lbs,  CR;  30-lb  iron-shod  rammers, 
face  area  not  more  than  SOQ',  IH;  40-ib  rammers,  HE;  cone  placed 
without  ramming,  FP. 
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For  Itete  of  Spedfioationa  for  Concrete,  see  pp  1352*  13.53. 

38.  Dry  cone  molstonil  by  Bprinkling,  not  pouring,  CB. 

39.  Cone  must  be  continuously  worked  aroan<l  reinftnt,  with 
suitable  tools,  as  put  in  place.  Complete  fillinc  of  forms,  and  subsequent 
puddling,  prohibited.     Partly  set  cone  must  not  oe  subjected  to  shocks,  Ck. 

40.  PlAcinir^  in  layers.  Care  taken  to  remove  all  scum,  arising 
from  the  cem,  before  laying  the  next  layer,  Ijp,  JTC 

41.  Cone  dampefl  from  receiving  box  or  car.  or  shoveled  directly  into 
place,  use  of  slides  and  shutes  forbidden,  OD,  W¥,  FP,  TK,  CK;  not 
dropt  further  than  6  ft,  FP  i  3  ft,  Wt. 

42.  No  wallKiiiir  on  finished  wail  until  set,  OD,  (?o. 

48.  Thickness  of  layers.  Not  over  6',  Wt,  BR,  OD ;  about 
6',  CR;  about  6'  after  ramming,  TR:  6  to  8'.  €85  >  6'.  F;  >  4'.  SE; 
with  dry  mix,  on  slopes,  >  4',  1* ;  >  4'  in  foundations,  about  6'  in  back 
walls.  In;  >  9',  Hbt  >  12^,  WH;  such  that  each  layer  can  be  incor- 
porated with  the  preceoing  one,  TAT, 

44.  No  layers  permitted,  Bn,  Co ;  layers  not  run  out  to  thin  edme,  FPs 
each  layer  completed  (rammed,  CR)  before  the  next  is  laid,  FP,  CR; 
each  layer  of  a  day's  work  laid  before  the  layer  next  below  has  set,  XR. 

45.  On  roek  fenndatlon.  Rock  cleaned  and  washed  with  wire 
brooms,  roughened  if  read,  covered  with  thick  neat  cem  grout,  CR;  bed 
of  wet  mortar,  FW;  H'  thick,  TR ;  cone  anchored  to  roek  with  steel  rods, 
if  reqd,  CR. 

Joints. 

46.  AYOidanee  of  horlsontal  Joints.  Walls,  etc.  built  in  alter- 
nate sections,  so  short  that  the;y  can  be  constructed  as  monoliths;  these 
sections  keyed  together  by  vertical  tonjKue-and-groove  jcunta,  O  for  gov't 
specfns;  joints  continuous  from  foundation  to  coping,  CR  ;  "  joints  shall  be 
formed  betw  adjoining  sections  of  cone  for  4  ft  down  from  the  deck,  by  a 
layer  of  tarred  paper,"  BR ;  dovetailing  to  have  a  thin  coat  of  mortar,  1 : 5 
or  weaker,  to  set  before  new  cone  is  placed  against  it,  Hte. 

47.  Joints  between  oM  an<l  new  work.  Exposed  surfs  shaded 
and  kept  moist  until  work  is  resumed,  CR ;  chipped  or  broken  edges  cut 
away,  CR ;  old  surf  to  be  left  etepped,  to  form  bond,  and  to  be  cleaned  and 
wet  before  adding  new  work^Fw.  O ;  cleaned  with  stifiF  wire  brush  and 
stream  of  water,  FP,  BR,  lib  :  it  reqd,  F,IjT  ;  roughed  up  with  a  pick, 
if  reqd,  BR ;  wooden  strips,  4  to  6'  wide,  with  beveled  sides,  to  be  embedded 
<  3',  and  removed  before  cone  has  thoroly  hardened,  NO :  between  G4d  axxl 
new  work,  bed  of  1  :  3  oem  mortar  1'  thick,  NO.  Co  ;  H'  layer  of  mortar, 
FP;  old  surf  covered  with  neat  cem  grout  of  molasses  consistency,  BR;  or 
diy  cem,  OD;  dry  cem,  brushed  in,  Hb|  with  lasrer  of  mortar,  TR, 
Fw ;  old  surf  mopped  with  1 :  2  mortar,  €M%  with  heavy  neat  oem  grout 
worked  into  surf  with  brooms,  CR;  keyed  as  directed,  FW. 

48.  In  hor  joints  in  thin  walls,  or  in  walls  to  sustain  water  yrcs, 
or  in  other  important  locations,  mortar  joint  may  be  reqd.    Tanka.  et«, 

nth  thin  walls  to  hold  water,  should  be  built  as  monoliths,  without  inter- 
ption,  the  work  proceeding,  if  necessary,  night  and  day,  T  4k  T. 

49.  When  work  Is  suspended  for  more  than  an  hour,  the  outer 
ges  of  the  last  layer  are  to  be  leveled,  and  the  center  portion  off  the  sorf 
to  be  left  about  6*  lower  than  the  edges,  CR. 

50.  Bond  betw  new  cone  and  old  wail.  Dovetailed  pockets,  24'  wide  at 
.ce,  33"  at  back,  16'  deep,  cut  vert  in  cdd  masonry,  4  ft  apart,  I«p. 

51.  Last  layer  deposited  to  be  left  as  rough  as  possible,  imbedded  bould- 
ers projecting.  Suit  to  be  cleaned,  washed,  and  sprinkled  with  neat  oem. 
Me. 

Plaeingr  nnder  Water. 

52.  Under  water.  No  cone  to  be  laid  under  water  (without  explicit 
permission,  F ;  except  to  stop  leaks  and  springs,  TR  ;)  water  not  aUomd 


to  rise  on  new  work  until  thoroly  set,  IM,  Wt,  TR,  OB;  not  lev  thaa 
24  hrs  after  set,  !•▼,  JTO,  Co.  C^,b;  if  placed  under  water  befora  set- 
ting, mixture  to  be  1 : 2  : 3,  WHT ;  80  %  of  work  built  in  place  below  (fresh) 
w**^,-i«r»i  an.  «««-  ,^1...^  :»  -— ^ *  i..  semi-dry. Pk a  bag    " 

)  is  to  be  deposited. 
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For  abbreviations,  •ymh&im  and  reffereneea.  Bee  p  1261. 

58*  When  fomu  extend  down  to  below  high  water,  leaks  under  fonaa 
to  be  stopped,  in  order  to  prevent  undermining  before  set;  bags,  filled  with 
sand,  pUkced  outside;  or  jute  canvas,  underlying  the  cono  12'^,  nailed  along 
bottom  of  form  on  the  inside,  FW. 


_04.  _Batn._^  During  rain  storms,  no  new  work  to  be  lidd,  J[M,   Bn, 


Bain. 

ms,  no  n_       _    __  

CWLf  AH,  FP;  fresmy  laid  work  to  be  protected  by  canvas,  1 

Frocit. 

55.  FreeBingr*  No  concrete  or  mortar  to  be  made  when  temp  is  below 
35^  F.  in  shade;  cono  work  stopped  from  Nov  20  until  April  1 ;  dunng  freez- 
ing weather,  no  cone  to  be  mixed  or  deposited  without  engineer's  consent, 
ul,  Ba;  ice  and  frost  to  be  removea,  water  and  sand  heated,  gravel 
steamed,  work  covered  and  kept  warm  by  steam  pipes,  JLv ;  cono  not  to  be 
placed  when  frozen;  if  reinfd,  must  be  kept  above  32°  F  for  <  48  hours 
after  placing,  use  of  frozen  sand  and  agg  prohibited,  Cli.  No  laying  per- 
mitted when  temp  >  32°  F.,  Uii,  AH,  BK,  <  32°  F,  OB;  <  30*^  F. 
CB.  <  34°  F.,  TB,  FP ;  when  likely  to  freeze  before  set,  Wt  ;  before 
final  set,  OB ;  before  set  sufficiently  to  prevent  injury.  BB,  €B.  Cono, 
frozen  in  place,  to  be  removed,  Vii.  No  cone  to  be  laid  when  temp  is 
below  20°  F;  water  to  be  heated  when  temp  is  below  36°  F,  Mc.  Use  of  icy 
materials  prohibited;  placed  cone  must  be  protected  against  freezing,  Ph. 

56.  Natural  cement  concrete  must  never  be  exposed  to  frost  until 
thoroly  hard  and  dry,  TAT. 

57.  "No  cono,  except  that  laid  in  large  masses,  or  heavy  walls  having 
faces  whose  appearance  is  of  no  consequence,  shall  be  exposed  to  frost  untu 
hard  and  dry.  Materials  employed  in  mass  cone  in  freezing  weather  shall 
contain  no  frost.  Surfs  shall  be  protected  from  frost.  Portions  of  surf 
cone,  which  have  frozen,  shall  be  removed  before  laying  fresh  cone  upon 
them."  T  4k  T. 

58.  Forms,  under  cono  placed  in  freezing  weather,  **  to  remain  until 
all  evidences  of  frost  are  absent  from  the  cone,  and  the  natural  hardening 
of  the  cono  has  proceeded  to  the  point  of  safety. "     Cta,  Pli. 

MolBtenlnnr. 

59.  Moistenlnir.  Freshly  laid  cone  to  be  protected  from  the  sun  (by 
boards  or  tarpaulins,  FP,  Hb,  IM;)  and  kept  wet.  He.  IM:  <  two 
weeks,  or  until  covered  with  earth,  F  ;  <  10  days,  SJ^  AH  t  6  ds, 
CH  ;  3  ds.  FW ;  48  hrs,  BB ;  until  set,  Wv ;  until  hard  set,  Hb ;  unfinished 
surfs  until  work  can  be  resumed,  C*B;  with  wet  tarpaulins  <  3  days,  €B. 
When  a  section  of  wall  is  completed,  coping  to  be  covered  with  a  thick  layer 
of  wet  sand,  mass  of  wall  kept  sprinkled  until  cono  is  thoroly  set,  IM :  cone 
to  be  drenched  twice  daily,  Sundays  included,  for  a  week  after  placing,  in 
hot  weather,  Ch,  Pta. 

60.  Moisten  bv  sprinkling  with  fine  spray  at  short  intervals  or  by  covering 
with  moistened  burlap,  or  etc,  O. 

BemoTal  of  forms. 

61.  Forms  must  be  left  in  place  <  4  days,  IM ;  <  7  ds;  longer  if  reqd 
by  engineer,  IjT  ;  72  hrs,  OB ;  48  hrs,  AH,  BB  ;  until  cone  hass  stood  at 
least  36  hrs,  WH ;  until  removal  is  authorized  by  engineer,  or  until  cone 
has  become  hard,  Cl,b;  until  cone  can  carry  its  load  safely,  Ms;  forms 
remove  after  48  hrs,  S£. 

62.  Props,  under  floors  and  roofs,  to  remain  in  place  <  2  weeks.  Forms, 
for  cols,  <  4  days;  for  slabs,  beams  and  girders,  <  1  wk  and  at  least  until 
the  floor  can  sustain  its  own  weight.  "No  load  or  wt  shall  be  placed  on 
any  portion  of  the  constr  where  the  said  centers  have  been  removed." 
Cb,  Ph. 

68.  Time  for  removal  of  forms  and  centering,  24  hrs  to  60  days,  depending 
upon  temp  and  other  atmospheric  conditions  and  upon  Jthe^cqpimissioner 
ofbldgs,  Un.  igi  i^ed  by  ^IJDg. 
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F»r  Umtm  ei  Bp&MmtionB  for  Conovte,  aee  pp  1362;  1358. 

64.  Not  aatO  eone  u  hatd.  Min  tune,  days: 

Apr  1  to  Dee  1     Deo  1  to  Apr  1 
aiftbe  tad  lintels,  oola  and  monoUthie  walls  10  16 

Poeta  and  bottom  supporte  for  jobts,  beams 

and  giiderB 14  21       L 

65.  Forms,  under  oonc  pUoed  la  Wt^emimg  weatlicr,  "to  reimaui 
until  all  eridenoes  of  frost  are  absent  from  tbe  oone  and  the  natural  haninv- 
ing  of  the  cone  has  proceeded  to  the  point  of  safety."    d^  Ph. 

Sarflaee  flnlsli,  waterproofliiir*  «te. 

66.  Finish  kept  smooth  by  manipulation  durins  plaeini^  not  by  safaee- 
quent  plasterinc,  etc.  Cone,  free  from  lane  acs.  to  be  plaoed  next  the  moki. 
and  prest  back  from  mold  by  means  of  a  flat  shovel,  inserted  betw  cone  and 
mold  (mold  sprinkled  with  water,  BR),  cone  rammed  with  an  iron  rammer, 
lower  face  2*  X  e*.  AH,  BB;  finish  by  worldnc  cravel  back  from  face  by 
means  of  forks,-  Hb ;  or  shovels,  FP ;  faces  rubbed  smooth,  TB,  Kb ; 
with  apiece  of  wood  or  soft  stone,  TB ;  voids  filled  up  with  mortar.  Hb. 
TB,  CMLi  plastering  permitted  only  for  an  occasional  and  accidental 
cavity,  where  the  plastering  is  not  apt  to  be  disturbed  by  frost.  CB.  See 
p  136i«  ^  79.  1:3  Port  oem  mortar,  placed  oimultaneously  with  haclring, 
CB.     Forwsll,  1  :  2  Port  oem  mortar,  very  dry,  IH'  thick,  TB. 

67.  For  exposed  faces,  forms  to  be  removed  before  cooc  has  hanieiMd; 
surf  (1)  rubbed  with  mortar  of  1  vol  Port  cem,  2  vols  sand,  applied  with  a 
burlap  swab  and  brushed  down  with  a  plasterer's  brush,  or  (2)  rubbed  with 
stiff  wire  brush  and  a  thin  coat  of  neat  Port  cem  grout,  brushed  down  with 
plasterer's  brush,  NO,  Oo;  smooth  finish  of  sides  produced  by  thoro 
ramming  against  inside  surfs  of  molds,  SB. 

6S.  Surfs,  not  built  against  forms,  screeded  and  troweled  to  smootlineai, 

uro. 

69.  Voids  or  other  imperfections,  appearing  upon  removal  of  foima,  to 
be  corrected  at  expense  of  contractor,  who  shall  remove  and  rqilaoe  unaatis- 
factory  work  if  reqd,  F. 

70.  For  floors  aiMl  roof  of  mixing  tMik.  Stiff  mortar,  of  1  vol 
Port,  1  vol  sharp  stone  screenings  to  pass  H'  nnc,  free  from  dust,loam«  ete,  1' 
deep,  laid  before  cone  has  initial  set.  Screeoed,  floated  and  troweled  to 
smooth  surf.     Covered  and  sprinkled  3  days,  Co. 

71.  Promenades  and  tops  of  raropets  finished  with  a  laver  of 
mortar  >  H'  thick,  oonsolidated  with  tne  cone  *'by  superimposing  heav^ 
planks  4'  thick  and  ramming  them  with  40-lb  cast  iron  rammers  until  their 
ends  are  in  contact  with  the  ends  of  the  molds,"  SB. 

7S.  For  piers,  pedestals,  abntmeiits.  Surfs  expoeed  to  air  or 
water,  1 H'  Port  cement  mortar,  1  cement,  2  sand,  carried  up  simultane- 
ously with  the  oone,  10  or  11'  in  depth  at  a  time,  by  means  of  H'  sted 
plate  forms,  12*  wide,  4  to  5  ft  long,  placed  around  the  work,  1 H'  from  the 
n>rms,  and  blocked  out  every  12*  by  wooden  blocks,  the  ends  of  the  plates 

pping  slightly,  WH. 

7S.  For  InTerts,  1  oem,  2  sand,  not  more  than  H*  thick,  laid  at  same 

ae  as  cone,  Ij¥. 


74.  Moldingrs,  eomlees,  ete.  Plastic  mortar  placed  against  findv 
nstructed  molds,  as  cone  is  being  laid;  no  exterior  plastering  permitted. 
£,  T  4k  T ;  no  plastering  to  be  done  unless  expressly  permitted,  F. 


75.  Top  flnlsb.  Cono  brought  up  to  3  H'  from  reqd  elevation;  while 
this  is  still  unset  and  plastic,  3'  of  finer  cono  added,  tamped  and  kneaded 
to  form  a  monolith  with  the  underlsang  cono;  then  K*  of  1  :  3  (1  :  2,  AM) 
cem  mortar  added  and  worked  down  to  reqd  grade  by  rubbing  with  a  long 
wooden  straight-edge,  AK,  BB. 

76.  Coptnf.  While  oonc  base  is  still  soft,  unset  and  adhesive,  mortar 
(to  be  1*  thick  when  finished)  spread,  leveled  off  and  beaten  with  wooden 
battens  or  mauls;  floated  with  wooden  float  and  smoothed  with  plasterer's 
trowel;  covered  with  boards  or  tarpaulins  until  hard  set;  then  covered  with 
wnd;  to  be  kept  damp  several  days.  FP|  mortar.  <  1'  thiek.  of  375  Ibe 
Port  cem  to  10.6  cu  ft  sand;  tamped  in  plaoe  on  top  of  rammed  cone  before 
the  latter  has  begun  to  set;  raked  with  straight-edge,  rubbed  with  wooden 
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floAte  and  finiahad  with  pUatorer's  trowel,  €B;  1  :  2  Port  earn  mortar,  1' 
thick,  TR;  surf  formed  oy  workins  the  stones  baok  from  face,  Hb. 

77.  Oranltold  sarftice  flnlsli  for  tops  of  piers,  pedestals  and  abuts; 
1  part  Port,  2  parts  clean  coarse  granite  sand  or  fine  granite  screenings.  3 
puis  granite  chips,  passing  H'  iron  ring.   Finished  with  a  floated  surf.  WH. 

78.  Wator-prooilnf.  Heavy  coat  of  semi-liquid  mortar  1  part  eem, 
Vj  part  slaked  lime,  3  parts  sand.  This  coat  to  be  giren  a  smooth  finish. 
When  this  has  set  hard,  add  a  heary  coat  of  pure  oem  grout,  CB« 

79.  Plastorln«  wiili  cement.  None  permitted  on  exposed  faces, 
AH,  CB.  Inside  faces  of  spandrel  walls,  covered  by  fill,  to  be  well 
dampened  and  plastered  with  mortar  of  1  oem  :  2.5  sand,  OS.  See  p 
1860.  1  66. 

Artifleial  stone. 

80.  (a)  For  line  moldflnf^  ete.  Molds  plastered  with  semi-liquid 
mortar,  1  cem,  2  fine  sharp  sand,  backed  with  earth-damp  cone  1:2:4, 
or  t  cem  to  6  gravel  passing  H  ring.  Gone  backing  rammed  in  thin 
layers,  (b)  For  plain  flat  anrfaeca.  Cone  rammed  in  mold.  Mold 
removed.  Exposed  surfs  floated  to  smooth  finish  with  mortar  as  in  (a). 
No  body  of  mortar  to  be  left  on  face.  Use  only  enough  to  fill  pores  and  give 
smooth  finish,  OS. 

Strengr^h,  ete,  required. 

(Strengths,  etc,  in  lbs  /  Q',  unless  otherwise  stated.) 

81.  Ultimate  comp,  after  hardening  for  28  days,  <  2000,  ITn,  Mb. 
8S.  IJlt  ebear  eacresponding  to  2000  comp,  200,  Vn. 


MaTlmnm  allowable  le 
8S.  For  statle  loads  upon  a  1  :  6  Port  oem  cone. 

Max  allowable  load 
lbs  /  D't 

Gompressn,  eono  surface  >  loaded  area 0.325. ••—  650 

in  columns,  length  >  12  diams 0.226. t  -  450 

'*        "  "      with  longitudinal  reinfmt  only 0.225. t  -  450 

hooped 0.270. •-  640 

,  with  1  to  4  %  long;i  bara  . . . 0.325. t  -  650 
"         "  .        **       with  structural  steel  col  units  tlioro- 

ly  encasing  cone  core 0.325. t  -"  650 

Rupture  modulus  (elas  mod,  E,  constant) 0.325. t  —  650 

adjacent  to  sunports,  (E  constant) 0.375.S  -  750 

Pure  shear  (no  comp  normal  to  shearing  surf;  reinfmt  tak- 
ing the  normal  tension) 0.060. t  —  120 

Shear,  combined  with  equal  comp 0.162. t  -  325 

Adhesion,  plain  bars 0.040. t  -    80 

drawn  wire   0.020.S  -     40 

J€. 

84.  Compression.    See  also  ^  146.  p  1366. 

A,  exclusive  of  temp  strssses, 

B,  including  stresses  due  to  temp  changes  of  4Sf  F  _ 
In  arches  for  bridges,  lbs  /  Q":                                            ^             Si 

for  highways  and  sleotnc  railways 600  600 

for  steam  railways .400  500 

CS. 

85.  On  first-class  Port  oem  eono,  with  agg  properly  graded: 

1  :  6  or  less,  60.000  lbs  /  sq  ft  - 417  lbs  /p'; 

1 :  5  or  leas,  in  beams  or  slabs 500 

"In  case  a  richer  cone  is  used,  this  stress  may  be  increased  with  the  ap- 
proval of  the  commissioner  to  not  more  than "  600  lbs  /  D',  Ms. 

*  t  —  ult  comp  strgth  in  lbs  /  D'  at  28  days  when  tested,  under  labora- 
tory conditionsL  In  the  form  of  oyis  8*  diam,  16'  long,  of  same  consistency  as 
used  in  the  field. 

t  When  •  -  2000  lbs  /  CD*.  t    r^r^nl^ 
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86.  Portland.  1:2:4 230  lbs  /  □». 

1:2:6 208 

Roeendale  or  equal. 

1:2:4 125 

1  :2:6 Ill         "  H  Y.« 

87.  Portland,  lbs  /  Q'.        Mix.  1:2:4        1  :  2.5  :  5         1:3:6 

znacliine-iuixed 400  350  300 

hand-mixed 350  300  250 

Natural 160 

Cinder,  700 ; 

Port,  in  reinfd  cone;  direct.  0.2  X  ult;  in  bending,  0.35  X  ult.  €k. 

88.  Po^rt.  direct.  360  lbs  /  p*;  in  reinfd  work.  350  lbs  /  G'  eimultane- 
ouflly  with  6000  lbs  /  Q'  tension  in  steel.  Vii. 

89.  Port,  direct.  350;  in  bending.  500.  Mta. 

Ageregate 

90.  Port.  Stone  or  gravel  ^lag  Cinder 

In  bending 600  400  250  Ibe  /  G' 

Direct,  in  cols 

length  >  16  diam 500  300  150 

In  hooped  cols,  1000  lbs  /  D"  on  area  within  hooping.  Ph. 

1:2:4  1  :2:5  1  :3:6 

Port 700  650  600  Um  /  Q' 

Nat 400  ...  ...         "      !• 

91.  Tension,  lbs  /  D''. 

A.  exclusive  of  temp  stresses, 

B.  including  stresses  due  to  temp  changes  of  40^  F. 

A  D 

In  reinforced  arches 50  75 

In  reinforced  slabs,  i^rders.  beams,  etc 0 0   CB. 

On  diagonal  plane.        0.02  X  ult  comp  stigth.  Cli. 

92.  Shear,  lbs  /  Q''. 

75,  CXI;  50,  Mil;  60  when  uncombined  with  comp  upon  the  same  plaae 
"unless  the  bldg  commissioner  with  the  consent  of  the  board  of  appesl 
shall  fix  some  other  value."  Ms;  stone  or  gravel  cone,  75;  alag,  50;  cuicler. 
26,  Pb. 

Elastio  modnlns. 

98.  1,500.000  lbs  /  Q*.  €S. 

Adhesion. 

94.  See  p  1279.  and  p  1364.   H  113. 

Safety  flactors. 

a  c  ^    r  ^  ultimate  load 

EWety  factor  -    ^„,^i^- 

95.  At  end  of  1  mo,  in  subways  and  girder  bridges  for  highways  and 
lectric  rys.  also  bldgs,  roofs,  culverts,  sewers.  4;  in  subways  and  girder 
ridges  for  steam  rys.  5,  CS. 

Port,  in  reinfd  cone,  comp,  direct.  5;  in  beams.  1/0.35;  €3i* 
In  reinfd  beams,  1  for  dead  load,  plus  4  for  live  load.  ■-'  5; 
In  iron  or  steel  in  latticed  or  open  work  cols,  beams  or  girders,  anessed  in 
one  which  extends  <  2*  beyond  metal  (with  no  allowance  for  the  oonc).  3, 

Reinforcement. 

96.  Bars,  unpainted.  but  free  from  scale,  rust  and  grease,  €1. 

97.  Shape.  Plain  round  or  square,  or  corrugated,  !•▼;  plain  or 
twisted.  NO ;  deformed.  AH ;  twisted  or  deformed.  Ba ;  Square  machine- 

*  Corresponding  with  loads  proposed  bv  C.  C.  Schneider,  Traas,  A  S  C  E, 
'^        "^^  Mr.  Schneider  proposes,  instead,  for  Port 


Vol  54.  Jun  '05.  p  384.     On  p  41 
oem  cone  only: 

per  sq  ft  per  aq  inch 

1:2:6 20  tons  -  40.000  lbs  278  Iba. 

1:2:4 25     "     -  50.00QitizlSbyLjO^e'\ 
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twisted.  Co ;  Ransome  twisted  square  preferred,  F;  Ransome  or  equal.Hb ; 
Thacher  bar,  OS;  square,  twisted  cold,  or  Johnson  corrugated  bar:  ia 
Johnson  bar,  net  section  ->  that  reqd,  by  the  plans,  for  twisted  bars;  plain 
bars  to  be  used  in  oomp  only,  Ci* 

•8.  Twisted  bars. 

Si«e.ins  H    H     H      %      H     Ji       I        IH    IH 

Twists  per  ft 12    8      5      3.5     2.5     2       1.75     1.5     1.5,   MO, Co; 

6 1.5        €1. 

One  turn  in  5  to  7  times  nominal  siie,  F. 

Twisted  uniformly  by  machinery;  min  cross  sec  area  to  vary  not  more 
than  2.5  %,  HO,  Co. 

99.  Bonnd,  eorrn^atcd,  ete,  bars  to  have  same  agg  net  sec  area 
as  square  or  twisted  bars,  HO. 

Re^a  Iremen  ts. 

100.  Iron  and  steel  "to  meet  the  'Manufacturers'  Standard  Specfns/ 
revised  Feb  3.  '03."  Ph.     See  ppll54,  1155. 

101.  9teel.  Hflr  and  hardness.  Medium  open-hearth,  NO,  Bu, 
Co,  CI;  mild,  liV;  soft  or  medium,  VH. 

loa.  intimate  tensile  strength,  in  thousands  of  lbs  /  Q'.    52 
to  62,  F;  54  to  64,  IJn,  Mh;  medium,  50  to  65,  Cl,a;  medium,  60  to 
68,  CS;  soft,  54  to  62,  C8;  55  to  65,  I^v,  T  d;  T;  <  55,  UTO;  57  to  65. 
Co,a;  60  to  70  before  twisting,  Co,b ;  60  to  70,  Bu. 
108.  ITIt  eomp  streniT^h. 

Mixture  1:1:2     1:1.5:3     1:2:4     1:2.5:5     1:3:6 

Ibe/D*  -  2900  2400        2000  1750  1500 

n  -  JSg/E^  -  10  12  16  18  20 

Ch. 

104.  Fraetnre,  silky,  uniform  in  color  and  texture,  Co. 

105.  Elastle  limit  <  half  ult  tensile  strgth,  O. 

106.  Elastic  modalns,  30,000.000  lbs/ J',  CS. 

107.  Ratio,  n,  of  elastic  mod.U.    n  -  ^»  -  ^!*»  '""^  J°'  «^l 

'     '  jfcg       elas  mod  for  cone 

m  —  12,  Hh.  "If  not  shown  by  direct  tests,"  in  beams  and  slabs,  n  «  15; 
in  cols,  n  -  10,  Ms;  with  ult  oomp  strgth  -  2000  lbs  /  U''.  n  -  18.  Vn, 
Stone  or  gravel  cone,  n  —  12;  slag,  n  »  15,  Ph;  cinder,  n  —  30,  Ph,  Ch. 

108.  ElonfTA^lon,  %.  minimum,  in  8',  25,  F,  IjV,  NO,  Co,a;  22. 
Co,b,  Cl,a;  20.  ITn, Mh;  soft, 26;  medium. 22, CS ;  ^^^'^^^^  TAT. 

109.  Bendlnir  test.    Cold,  F,  IjT,  Bu,  CS ;  hot,  cold  or  quenched, 

NO,  Co,a;  180°  about  a  diam  =>  the  thickness  of  the  bar,  F.  NO,  Bu. 
Co,  iMi  (before  deforming,  F);  about  a  diam  =  twice  the  thickness  of 
the  bar,  IjV;  (after  deforming,  F);  soft  steel,  flat.  C^^  cold,  90°  over  a 
diam  —  twice  the  thickness  of  the  bar  in  steel  >  H"  diam;  over  a  diam 
->  3  X  thickness  of  bar  in  steel  >  H*  diam,  Ch. 

Maximum  stresses  allowed  In  steel. 

Stresses  in  lbs  /  Q"  unless  otherwise  stated. 

110.  Tension,  16,000,  Mh,  Ph,  JC;  (iron,  12.000.  Ph);  one-third 
elas  lim,  but  not  over  18,000,  Ch ;  mild.  12,000;  medium,  15,000;  high- 
carbon,  18,000,  li. 

111.  Shear*  10,000,  Mh;  12,000,  Ch. 

--- »    _  ,  •  w  elas  mod  in  steel  ^- 

112*  <?omp^—  compinconc  X  ~. j-.  -     -  ,  Ch. 

'^'  *^  elas  mod  m  cone 

"  In  arches,  the  steel  ribs  under  a  stress  not  exceeding  18,0(X)  lbs  per  square 
inch  must  be  capable  of  taking  the  entire  bending  moment  of  the  arch  with- 
out aid  from  the  cone,  and  have  flange  areas  of  <  the  150th  part  of  the  total 
area  of  the  arch  at  crown.  The  actual  stress  when  imbedded  in  and  acting 
in  combination  with  cone  shall  not  exceed  20  times  the  allowed  stress  on 
the  cone."  .  , 
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"In  slabs,  girders,  beams,  floors,  and  walU,  subjected  to  transv  stress,  the 
steel  shall  be  assumed  to  take  the  entire  tensile  stress  without  aid  from  the 
cone,  and  shall  have  an  area  sufficient  to  equal  the  comp  strgth  of  cone 
composed  of  1  part  Port  cem,  3  parts  sand,  and  6  parts  of  broken  stoi^,  of 
the  age  of  6  mos." 

"In  walls  or  posts  subjected  to  comp  only,  no  allowance  will  be  made  for 
the  strgth  of  imbedded  steel,  which  wiU  be  used  only  as  a  precaution  against 
cracks  due  to  shrinkage  or  changes  of  temp. " 

"In  tanks,  the  imbedded  steel  under  a  stress  not  exceeding  15,000  lbs  /  G' 
shall  be  capable  of  taking  the  entire  water  pres  without  aid  from  the  cone,' 
VH. 

Elongation  in  service  not  more  than  0.2  %,  Ch. 

IIS.  Adhesion  between  steel  and  conerete.  Aasumed  >  al 
lowed  shear  on  cone,  Mb,  His ;  <  shear  on  cone,  IJn  ;  in  stone  or  sravel 
oonc,  50  lbs  /  Q';  slag.  40;  cinder.  15,  Pb. 

114.  In  1  :  2  :  4  cone,  max,  lbs  /  D': 

on  plain  round  or  square  bars,  structural  steel 70 

high  carbon  steel 50 

on  plain  flat  bars,  ratio  of  sides  >  2  :  1  . . .    . ' 50 

on  twisted  bars,  <  1  twist  ifi  8  diams 50 

on  specially  fcNrmed  bam, 

0.25  X  ult  adhesion  as  determined  by  test;  max »   100      Cli. 

115.  Wben  tbe  allowed  adhesion  Is  exceeded,  "provisioo 
must  be  made  for  transmitting  the  strgth  of  the  steel  to  the  cone,"  Vn^  Mil, 
Pb. 

116.  lionirth  and  lapplnv. 

Longitudinal  bars  not  less  than  80  ft,  if  possible,  !•▼• 
In  beams,  rods  of  single  leng^tb,  if  possible,  NO,  €o,  Cl« 
If  lapped 

SizeoTrod.ins H    M     H     H     54      H      I     IH     IH 

lAp,ins 6     10     13     18     20    :S     26    30      32  HO. 

6      9     12     15     18     20    22    24      27  Vm, 

Lap  «  25  diams  of  rod.  Ba. 

Lap  <  20  X  diam  of  rod,  <  1  foot,  «. 

In  parallel  rods,  Joints  sta^H^red,  Bn,  CI. 
Bnds,  not  less  than  2^  from  any  surf,  IjT. 

Rods  extend  to  extreme  edges  of  unfinished  surfs. 
"  '*       **  within  1*  of  finished  surfs.     Oo. 

Floor  rods  extend  4"  beyond  face  of  wall  supporting  the  floor; 

Beam     "         "       <   8*   beyond   face  of    wall  supporting  the   floor. 
Jf  O,  CI.     See  Clearance,  below. 

117.  Protection.  If  work  is  interrupted,  bans,  already  placed,  must 
be  protected,  as  with  canvas  or  tarred  paper.  Ends,  projecting  for  a  con- 
siderable time,  to  be  painted  with  heavy  coat  of  neat  cem  grout,  1\  IjV. 

Permit. 
T18.  Complete  detailed  plans  and  specfns,  giving  composition  of  cone,  to 
lied  with  the  Commissioner  of  Bldgs,  Cta,  Vn,  Mb,  Ph. 
sue  of  permit  does  not  involve  acceptance  of  constr,  Ch.     For  tests 
ired,  see  pp  1862-3. 

Clearance.    See  also  \^  116,  134.  144,  140. 
ilstanee,  t,  between  steel  and  snrf  of  cone. 
iI9.  In  cols,  beams  and  clrders,  t  <  IH't  Ch,  Ms;   in  alabs. 
«  <  M'  <  diam  of  bar,  Ch;  t  <  »i'.  Ms;  £  <  1.5  X  diom  of  bar.  MC* 
Axis  of  rods  dist  from  outside  of  cone  <  diam  of  rod,  CH, 
For  fireproof  buildings,  see  HH  120-128. 

Clear  dlst  betw  bars  <   1.5   X   max  sectional  dimension  of  bar. 
b,  JC.     Clear  dlst  betw  two  layers  of  bars,  <  %*,  JTC. 
130.  For  fireproof  bulldlnirs  (HH  120-128),  reinfd  cone  conatr  not 
.mroved  "unless  satisfactory  fire  and  water  tests  shall  have  been  made 
under  the  supervision  of  this  Bureau."  Mb. 

May  be  accepted  if  designed  as  prescribed  in  code,  provided  that : 

{,1)  Agg  shall  be    hard-burned  broken  bricka,  or  terra-cotta,  clean  furasM 
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clinkers  entirely  free  of  combustible  matter,  clean  broken  stone,  or  furnace 
slag,  or  clean  gravel,  together  with  clean  siliceous  sand,  if  sand  is  reqd  to 
produce  a  close  and  dense  mixture  ; "  Un.  (The  other  codes  quoted  specify 
fewer  permissible  varieties  of  agg.)  Agg  to  pass  ^  in  sq  mesh,  €li  $  1  ring, 
and  25  %  of  agg  >  half  max  size,  Pfi. 

(2)  Min  thickness,  t,  of  cone,  surrounding  the  reinfg  members,  shall  be 
as  follows,  where  d  "-  diam  parallel  to  t : 

lai.  When  d  >   H',t  "   1»;  when  d  >   ^',  t  -  4  d.     In  any  case    t 

>  4';  t  <  thickness  required  for  structural  purposes  plus  a,  a  <«»  1'  in  cols 
and  ^rders,  a  —  H'  in  floor  slabs  "but  this  snail  not  be  construed  as  in- 
creasing the  total  thickness  of  protecting  cone  as  herein  specified.'*     Un. 

122.  In  arlrders  and  columns,  t  >  2*;  in  beams,  i  —  1  >^';  in  floor 
slabs.  «  -  l"  JC. 

128.  In  monolithic  cols,  the  outer  1  yi"  to  be  considered  as  protective 
covering,  and  not  included  in  effective  section,  J€. 

124.  For  beams  and  irlrders ;  on  bottom,  t  »  2';  on  sides,  (  « 
1  yi'.    Under  slab  rods,  t  =  1*.    In  cols,  t  -  2*,  Ch,  Ph. 

125.  "If  a  supplementary  metal  fabric  is  placed  in  the  cone  surrounding 
the  reinfg.  simply  for  holding  the  cone,  the  thickness  of  cone  under  the  re- 
infg may  be  reduced  by  y^",  such  fabric  shall  not  be  considered  as  reinforcg 
metal,''  Cii. 

126.  On  floor  and  roof  beams,  i  —  1';  on  floor  and  roof  girders,  and  on 
beams  carrying  masonry,  on  top,  f  —  1';  elsewhere,  2*;  on  cols,  carrying 
only  floora,  (  =»  3*;  on  cole  built  into  or  carrying  walls,  4",  Ms. 

127.  Cinder  concrete,  for  fireproof  constr,  t  same  as  for  stone  cone; 
for  slow-burning  or  mill  constr,  on  cols,  £  «  2";  "on  beams,  girders  and  other 
structural  steel  or  iron  members,"  t  —  lyi".  Covering  to  have  "metal 
binders  or  wire  fabric  imbedded  m  and  around"  such  members;  binders, 
if  of  wire,  not  less  than  No.  8,  not  less  than  16'  apart,  <'h. 

128.  Comers  of  cols,  beams  and  girders,  to  be  beveled  or  rounded,  JC 

Columns. 

129.  Columns  must  be  allowed  <  2Jirs  for  settlement  and  shrinkage 
before  girders  are  constructed  over  them,  JC. 

180.  **  Rules  for  the  computation  of  reinfd  cone  cols  may  be  formu* 
lated  from  time  to  time  by  the  bldg  commissioner  with  the  approval 
of  the  board  of  appeal,"  Us. 

ISl.  Concrete  and  steel  assumed  to  shorten  "in  the  same 
proportion",  Ms. 

182.  €>onc  and  steel  stressed  in  ratio,  n,  of  their  elastic  morluli, 
JTC. 

188.  Rolls  tied  tofrether  at  intervals  sufficiently  short  to  prevent 
buckling,  Ms.     See  ^  136. 

184.  Outer  1  yi"  to  be  considered  as  protective  covering  and  not  included 
in  effective  section,  JC. 

Reinforced  columns. 

L  «  length;  d  —  diameter  or  least  side. 
135.  Reinfd  cone  may  be  used  for  cols  when  L  >  12  d.  Ch,  ITn,  Mb; 

>  15  d,  JC;  and  where  cross  section  area  <  64  D^t  Ch.  If  L  >  15  d, 
allowable  stress  to  be  decreased  proportionally,  Ph. 

186.  Requirements.  Rods  to  be  tied  t4»irether  at  intervals 
not  more  than  d,  Un,  Mb,  Ph ;  not  more  than  12  d,  not  more  than  IS'',  Ch. 
Seeli  133. 

187.  Longitudinal  rods  not  considered  as  taking  direct  compres- 
sion. Ph. 

188.  Combined  cross  section  area  of  comp  rods  >  3  %  of  cross 
sec  area  of  col,  Ch. 

189.  When  comp  rods  are  not  reqd,  combined  cross  sec  area  of  rods  to 
be  <  0.5  %  of  cross  sec  area  of  col;  not  less  than  1  G'',  Ch. 

140.  Least  dimension  of  smallest  rod  to  be  not  less  than  H*»  €h. 
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141.  Rods  to  extend  into  the  col  above  or  below,  Ii4>ping  the  rods  there 
sufficiently  to  develop  the  stress  in  the  rod  by  the  allowed  unit  for  adheeioii 
C^li. 

142.  E€centrie  or  (ransverse  loadlnir-  Max  fiber  stress,  io- 
cludinff  (1)  direct  comp,  (2)  bending  due  to  direct  comp,  (3)  ecoentncity 
and  (4)  transverse  loaa,  not  more  than  allowable  comp  stress.  Eocentnc 
load  "shall  be  considered  to  i^ect  eccentrically  only  the  length  of  col  ex- 
tending to  the  next  point  below  at  which  the  col  is  held  securely  in  the 
direction  of  the  eccentricity,"  M». 

143.  A  columii,  monolithic  with  or  rigidly  attached  to  a  beaai 
or  irlrder,  must  resist,  in  addition  to  direct  loads,  a  mon&ent  ->  max 
unbalanced  moment  in  the  beam  or  girder  at  the  col,  Ch. 

144.  Hooped  eolamns.  Cone  may  be  stressed  to  25  %  of  ult 
strgth,  provioed 

(1)  Cross  sec  area  of  vert  reinfmt  <  area  of  spiral  reinfmt,  >  S  %  ol 
area  within  hooping ; 

(2)  Percentage  of  spiral  hooping  <  0.5,  >  1.5; 

(3)  Pitch  of  spiral  hooping  uniform  and  >  0.1  X  diam  of  col,  >  3*; 

(4)  Spirals  so  secured  to  verticals,  at  every  intersection,  as  to  main- 
tain form  and  position; 

(5)  Spacing  of  verticals  >  9"^,  >  H  circumference  of  col  within  hooping. 

Hooping  "may  be  assumed  to  increase  the  reaistanoe  of  the  oonc  equiv- 
alent to  2.5  X  the  amount  of  the  spiral  hooping  figured  as  vert  roinfmt." 
Cone,  outside  of  hooping,  not  considered  as  part  of  effective  col  sec,  Ch. 

140.  "The  working  stresses  will  be  a  subject  for  special  eonaideraCinti 
by  the  Commissioner  of  Bldgs,''  IJn. 

146.  Allowed  unit  eompresiiloii  -  1000  lbe>/a'  of  area  within 
hooping.  Ph. 

147.  Percentage  of  long'l  rods  and  spacing  of  hoops  to  be  such  that  the 
cone  may  develop  this  stress  with  a  safety  factor  of  4,  Ph. 

148.  "Hoops  or  bands  not  to  be  counted  upon  directly  as  adding  to  the 
strgth  of  the  col,"  JC. 

149.  Clear  spacing  of  bands  and  hoops  >  0.25  X  diam  of  endooed  cd.  JTC!. 

150.  Stnieturai  steel  relnforofNl  eolnmns.  Cono  may  be 
subjected  to  H  ult  stress,  provided  (1 )  cross  sec  area  of  steel  is  not  leas  than 
1  D':  (2)  spacing  of  lacing  or  battens  not  more  than  least  width  of  col.  Cli. 

Beams  and  floors. 

151.  The  common  theory  of  beams  is  applicable.  Ca,  Clk. 
Mh,  Ph. 

152.  The  steel  is  assumed  to  take  all  the  direct  tensile  atreesee. 
li*  ITn,  €h,  Ms,  lllh«  Ph.  Tensile  stress  in  cone  to  be  conaidered  in 
'^ilculating  deflections,  JC 

'■93.  'Ilie  stresM-streteh  curve  of  cone  in  comp  is  assumed  to  be  a 
light  line,  €h.  Ph.    n,  »  E^/E^ .  —  15;  for  deflections,  n  -  8  to  12,  JTC. 

54.  At  2000  Ibs/Q"  extreme  fiber  stress,  this  curve  may  be  taken  as 
a  straight  line;  (b)  a  parabola,  with  axis  vert,  and  vertex  on  neutral 
)  of  beam;  or  (c)  an  empirical  curve,  enclosing  an  area  H  greater  than 
arve  were  a  straight  line,  and  with  oen  of  grav  at  same  height  as  that  of 
ja  in  (b),  ITn. 

155.  Stresses.  A  load,  »  4  X  the  total  working  load,  stresses  the 
steel  to  its  elas  lim,  and  the  cone  to'2000  Ibs/Q',  tTn.  Design  "based  on 
the  assumption  of  a  load  4  times  as  great  as  the  total  load.  Ph.  (Total 
load  —  ordinary  dead  load  plus  ordinary  live  load,  IJn,  Ph.) 

156.  The  adhesion,  betw  oonc  and  steel,  is  assimied  to  be  sufficient 
to  make  them  act  unitedly,  I7n,  Ch,  Mh,  Ph. 

157.  Exposed  metal  not  considered  in  figuring  stigth,  Vn,  Clfc,  Ph. 

158.  i^pan  =  dist  c  to  c  of  bed  plates  or  other  bearings.  Ma*  JTC 
If  beam  is  fastened  to  side  of  a  col,  span  is  measured  to  cen  of  col.  Ms. 
Span  >  (clear  span  +  depth  of  beam  or  sUb),  JTC^ig.,,^,  by  (^OOglC 
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159.  Shrinkage  and  thermal  stresses  to  be  provided  for  by 
introduction  of  8te^,  €h.  Ph.  "  Initial  stress  in  the  reinfmt,  due  to  con- 
traction or  expansion  in  the  cone,  may  be  neglected, "  J€. 

160.  When  the  shear  developed  exceeds  the  allowed  limit  for  cone. 
steel  must  be  introduced  to  take  the  excess,  Iln*  BEh,  Ph,  J€. 

161.  Allowable  values  for  shearing  stresses:  Ibs/G* 

(a)  With  horizontal  bars  only 40; 

(b)  With  part  of  the  hor  reinfmt  in  the  form  of  bent-up  bars, 

' '  arranged  with  due  respect  to  the  shearing  stresses  " >60; 

(c)  With  thoro  reinfmt  for  shear >  120, 

J€. 

Under  (c),  cone  may  be  taken  aa  carrying  3^  of  the  shear;  the  remaining 
^  being  carried  by  bent  rods  or  stirrups  (preferably  both)  carrying  their 
snare  within  a  hor  dist  —  depth  of  beam,  JC 

16S*  Longitudinal  spacing  of  stirrups  or  bent  rods  >  0.75  X  depth  of 
beam,  J€. 

168.  Cement  finish,  added  to  the  tops  of  slabs,  beams  and  ^rders, 
not  to  be  included  in  figuring  strgth  *  unless  laid  integrally  with  the 
rough  cone, "  and  to  be  allowed  no  greater  unit  stress  than  that  on  the  rough 
cone,  Ch. 

164.  Web  reinforcement.  **  Where  the  vertical  shear,  measured 
on  the  sec  of  a  beam  or  girder,  betw  the  centers  of  action  of  the  hor  stresses, 

>  0.02  X  the  ult  direct  comp  stress /Q',  web  reinfmt  shall  be  supplied, 
sufficient  to  carry  the  excess.  The  web  reinfmt  shall  extend  from  top  to 
bottom  of  beam  and  loop  or  connect  to  the  hor  reinfmt.  The  hor  reinfmt, 
carrying  the  direct  stresses,  shall  not  be  considered  as  web  reinfmt,"  Ch. 

165.  Steel  In  the  compression  sides  of  beams  and  irirders. 
"When  steel  is  used  in  the  comp  side  of  beams  and  girders,  the  rods  shall 
be  tied  in  accordance  with  requirements  of  vert  reinfd  coU  with  stirrups 
connecting  with  the  tension  rods  of  the  beams  or  girders,"  Ch. 

166.  "When  steel  or  iron  is  in  the  comp  sides  of  beams  the  proportion 
of  stress  taken  by  the  steel  or  iron  shall  be  in  the  ratio  of  the  mod  of  elas 
of  the  steel  or  iron  to  the  mod  of  elas  of  the  cone;  provided,  that  the  rods 
are  well  tied  with  stirrups  connecting  with  the  lower  rods  of  the  beams:" 
Ph. 

167.  Where  slabs  are  used  with  g^irders  and  beams,  the 

S'rders  and  beams  are  treated  as  T-beams,  a  portion  of  the  slab  acting  as 
inge;  CI. 

168.  Portion,  F,  of  width  of  slab,  acting  as  flanir«- 
t  »  thickness  of  slab  ;  L  =  span  of  beam  or  gprder  ; 

b  B  breadth  of  beam  or  girder  ;    S  =  dist  e  to  c  betw  beams  or  girders. 

;P  to  be  "determined  by  assuming  that,  in  any  hor-plane  see  of  the  flange, 
the  stresses  are  distributed  aa  the  ordinates  of  a  parabola,  with  its  vertex 
in  the  stress-stretch  curve  and  with  its  axis  in  a  longitudinal  vert  plane  thru 
the  cen  of  the  rib  of  the  T. "  Said  portion  to  be  reinforced  with  bars  near  j 
the  top,  at  right  angles  to  the  girder,     l^n. 

169.  F  dependent  upon  hor  shearing  stress;   F  >  20^  Ph  ;  F  >   10  b,  ^ 
XUi. 

170.  F  governed  by  shearing  resistce  betw  slab  and  rib;  F  >  S  ( 1  —  *    | 

>  L/3,  >%8.  To  be  assumed  aa  thua  acting,  slab  must  be  cast  at  same 
time  with  nb,  Ch. 

F  >  L/3.  >  S.  Ms  ;    >  L/4,  >  8/  4-  6,  JC. 

171.  T-beams  to  be  reinfd  against  shear  along  plane  of  junction  between 
rib  and  flange,  Un,  Ph  ;  using  stirrups  thruout  length  of  beam.  Ph. 

172.  Ribs  of  girders  and  beams  to  be  monolithic  with  floor  slabs. 

m.  Ph. 

17S.  "Where  reinfd  cone  girders  carry  reinfd  cone  beams,  the  portion  of 
the  floor  ^ab  acting  as  flange  to  the  girder  must  be  reinfd  with  bars  ueai' 
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the  top,  at  right  angies  to  the  girder,  to  enable  it  to  transmit  loeal  loads 
directly  to  the  girder  and  not  thru  the  beams,  thus  avoiding  an  integration 
of  comp  stresses  due  to  simultaneous  action  as  floor  slab  and  gifder  flaage." 
Vn,  Ph. 

Homeiit,  M.    See  also  UK  178,  179. 

174.  W  «-  load  per  sq  ft;  L  =  span,  in  ft.  In  freely  supported  slabs, 
L  "•  free  opening  +  depth;  in  continuous  slabs,  L  »  distance  betwoentera 
of  supports. 

175.  With  concentrated  or  special  loadings,  calculate  and  provide  for 
iroments  and  shears  for  critical  condition  of  loading,  Cta. 

For  dead  load;  M  obtained  from  the  actual  dead  load)  oorering  all 
"    live  load,  over  supports;  M  obtained  from  the       >    spans  at 

actual  live  load  )  same  time. 
"      "       between  supports;  M   ->   max  obtained  from  live  load 
covering  2  consecutive  or  2  alternate  spans  at  sama  time. 
When  all  spans  are  equal,  let  Af^  ^  min  live-load  moment  at  middle  of 
span.    Then, 

TF  Li  ' 

for  intermediate  spans,  M,  ^ 


for  end  spans, Af ,  — 


12 

W  L* 

10 


Sum  of  live  load  moments  over  one  support  and  at  cen  of  span,  <  — -    ■. 

o 
Ch. 

Contliinity.    See  also  1 175. 

176.  Beaniii  and  icirderM  considered  as  simply  supported  at  ends ; 
no  allowance  made  for  continuity,  Un,  Mh. 

177.  Beams,  etc,  calculated  as  simply  supported,  or  as  continaous. 
according  to  the  facts,  Ch,  Mfli. 

178.  Continuous  floor  plal>eii«  reinfd  at  top  over  supports,  may  be 
treated  as  continuous  beams.  Under  uniformly  distributed  loads,  mom.  M, 
taken  at  not  leas  than  O.l  \V  L;  0.05  W  L  with  square  floor  plates,  reinfd 
in  both  directions  and  supported  on  all  sides.  Vn,  Mil,  Ph. 

179.  In  floor  filalM  a^Joininir  wallfi;   if  slab   is   reinfd  in  one 

W  L  W  L 

direction,  M  =      „    ;  if  square  and  reinfd  in  both  direotioDa,  Af  —  — --  ; 
-  o  to 

f>h. 

180.  Floor  slabs  designed  and  reinfd  as  continuous  over  the  supports. 
If  length  of  slab  >  1.5  X  its  width,  the  entire  load  should  be  earned  by 

ransverse  reinfrat.     '  *  Square  slabs  may  well  be  reinfd  in  both  directions," 

181.  For  beams  and  slabs  continuous  for  >  2  spans,  bending  moms  at  cen 
id  at  support,  for  both  live  and  dead  loads,  as  follows: 

In  floor  slabs  and  in  interior  spans  of  continuous  beams,  Af  ■-  tr  L>/]2: 

in  end  spans  of  continuous  beams M  ^  w  ^/l^ 

=  load  per  unit  of  span;   L  =  span,  JC. 
183.  In  continuous  spans,  provide,  at  supports,  for 
negative  mom  —  0.8  positive  mom  at  cen  of  a  simply  supported  q;um. 
Pos  mom,  at  cen  of  continuous  span,  may  be  taken  «  neg  mom  at  support 
Ms. 

183.  Bldg  Commissioner  may  require  tests  of  materials  before  or  after 
incor]porate<r  into  bids,  Hfn.  Cfon tractor  must  be  prepared  to  make  loa«l 
tests  \n  any  portion  of  bldg  within  a  rea.sonable  time  after  erection  an«l  a? 
often  as  may  be  reqd  by  engineer,  C'h,  Ph,  Mh,  Vn.,  Testa  must  «h..« 
that  the  constr  will  sustain  loads  as  follows:         Jigitized  by\jOOQ. 
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load  —  2  X  sum  of  proposed  dead  and  live  loads,  €li  ; 

"     »  2  X  proposed  live  load,  Ph; 

"     »  3  X  proposed  load,  JMb. 
18-i.  Cooatniction  may  be  considered  as  part  of  the  test  load,  Ch. 

185.  Each  test  load  shall  cover  2  or  more  panels,  and  remain  in  place 
not  less  than  24  hrs,  €b. 

186.  Deflection  of  slabs  not  more  than  ^^q  . 

Deflection  of  girders  >  -^^  X  ratio  of  slab  depth  to  girder  depth,  €ta. 

187.  Test,  45  days  after  completion. 

Load  »  1.5  X  live  load  +  1.5  X  dead  load  of  flnished  area. 
Deflection  >  0.001  X  length  of  member,  €l,b. 

CONCRETi:  8IDEWAI<K8. 
Abstract  o^  Specification 

Adopted  by 
National  Association  of  Cement  ITsers 

Philadelphia,  January,  1906. 

1.  Cement,  Portland,  to  meet  specification  of  A  S  T  M,  adopted  Jan, 
1906.     See  p  940. 

S.  Sand.  To  pass  No.  4  screen.  May  contain  >  5  %  loam  and  da}', 
if  these  do  not  coat  the  sand  grains. 

<  60  %  of  the  sand  to  pass  No  10  sieve,  or 
35  %  to  pass  No  10  20  30  40  sieve, 
and  remain  on  No  20  30  40  50     "     ,  respectively. 
>  20  %  of  the  sand  to  pass  No  50  sieve,  or 
70  %  to  pass  No  10  20  sieve, 
and  remain  on  No  40  50     "     ,  respectively. 

3.  Screenlnars,  from  crushed  stone  as  below,  and  meeting  sand  require- 
ments, may  be  substituted  for  sand. 

4.  A98ri'«|ir<^^«  Stone,  crushed  from  dean,  sound,  hard,  durable 
rock,  screeneddry  thru  ^i"  mesh,  retained  on  H"  mesh. 

5.  O ravel,  clean,  hard,  ranging  from  that  retained  on  H"  mesh, 
to  that  passing  H"  mesh. 

6.  Unscreened  orravel,  clean,  hard.  No  particles  larger  than  ?4*. 
Proportion  of  fine  and  coarse  particles  to  conform  to  requirements  below 
for  cone. 

7.  Water,  "reasonably  clean,  free  from  oil,  sulfuric  acid  and  strong 
alkalies."  * 

Snb-base. 

8.  Sub-base  to  be  thoroly  rammed.  Soft  spots  removed  an< 
replaced  by  hard  materiid. 

'••  Fills  >  1  f t  thick,  to  be  thoroly  compacted  by  flooding  and  tamping^ 
in  layers  >  6*  thick,  "and  shall  have  a  slope  of  <  1  :  1.5."     "The  top  of 
all  fills  shall  extend  <  12"^  beyoml  the  sidewalk." 

lO.  "While  compacting,  the  sub-base  shall  be  tborolj;  wetted  and 
shall  be  maintained  in  that  condition  uvtil  the  cone  is  deposited." 


1  :>8    y 


11.  Voids.     Cem  must  overfill  voidi  in  sand  by  <  5  %. 

12.  Mortar  must  overfill  voids  in  agp.  by  <  10  %.     Proportions 
sand  and  agg. 

13.  When  the  voids  are  not  detentiinerl,  k :  3  sand  or  screenings  :  6 
stone  or  gravel.  "A  sack  of  cem,  94  lbs,  shaU|t|||(g ^c^idered  to  have  a 
vol  of  1  cuft." 

C12 
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14.  Hand.  Sand  evenly  spread  on  a  level  water-tight  platform,  cem 
spread  on  sand.  Mix  dry  to  uniform  color.  Water  spra^rad  and  toMaa 
turned  until  homoHseneous  and  of  uniform  oonsifitency.  Drenched  aeg 
added  and  all  mixea  until  agg  ia  thoroly  coated  with  mortar. 

15.  Hand.  Witb  ansereened  grmweU  Cem  and  rravel  "mJTed 
dry  until  no  streaks  of  cem  are  visible."  Water  sprayed  and  mixed. 
Mortar  must  be  equivalent  to  that  specified  above. 

16.  Water  may  be  added  whUe  mixing,  but  cone  must  be  turned  < 
once  immediately  afterward. 

17.  '*  Maeblne  mixlnir  will  be  aoeeptable  when  a  cone  equivalent 
in  quality  to  that  specified  above  is  obtained. " 

18.  Retemperlnir  prohibited. 

Grade. 

19.  Orade  of  sidewalk  <  sufficient  for  drainage,  >  H'/^t,  "exeept 

where  such  rise  shall  parallel  the  length  of  the  walk. " 

Forms. 
SMI.  fjamber,  clean,  free  from  warp,  <  1%'  thick. 

21.  Upper  edgpes  to  oonform  with  finished  grade  of  sidewalk. 

22.  Cross  forms.  "At  each  block  division,  cross  forms  shall  be  pol 
in  the  full  width  of  the  walk  and  at  right  angles  to  the  side  forma, "  except 
as  in  1  23. 

28.  Expansion  Joint.  A  metal  parting  strip  H*  thick  to  replaee  a 
cross  form  <  once  in  50  ft.  "When  the  sidewalk  has  become  sufiiiaentlv 
hard,  this  parting  stri^  shall  be  removed  and  the  joint  filled  with  suitabw 
material  prior  to  opening  the  walk  to  traffic.  Similar  joints  shall  be  pro- 
vided where  new  sidewalks  abut  curbing  or  other  artificial  stone  sidewalk." 

24.  ^«AU  forms  shall  be  thoroly  wetted  before  any  material 
is  deposited  against  them. " 

20.  Dimensions  of  blocks. 

Sijte,  feet 6X6       5X5       4.6  X  4.5       4X4       3X3 

Thickness,  ins : 

In  business  districts,  6  5.5  5  4 

In  residence  districts,  6  5  ...  4  3 

In  residence  sidewalks,  edges  may  be  25  %  thinner  than  center;  min  —  3". 

26.  Separating  tool  >  6'  wide,  H"  thick.  Groove  cut  thru  into 
sub-base;  groove  fiUed  with  dry  sand  before  the  top  coat  is  spread;  tcp 
coat  cut  tMU  to  the  sand  after  floating  and  troweling,  "and  a  jointer  iud 
in  the  groove";  trowel  then  drawn  thru  groove  again  "so  as  to  ioauie  a 
complete  separation  of  the  block." 

Deposltlngr*       • 

27.  Cone  carried  to  forms  in  watertight  wheelbarrows.    Cone  must  not 
op  over.     Barrows  must  not  be  run  over  freshly  laid  cone. 

28.  Cone  must  be  deposited  within  1  hour  after  mixing,  spread  evenlj'. 
id  tamped  until  water  flushes  to  the  top. 

Protection. 

29.  Workmen  must  not  walk  on  freshly  liud  oonc. 

SO.  Sand  or  dust,  collecting  on  the  base,  to  be  "carefully  removed  befon 
the  wearing  surface  is  applied." 

Wearlngr  snrflsee. 

31.  Mlnlmam  thlekness,  H'» 

32.  Mortar,  1 : 2  sand  or  screenings,  mixed  aa  for  base,  but  wet  enoagli 
not  to  require  tamping,  and  so  as  to  be  readily  floated  with  a  straight-edn. 
"A  thin  coat  of  mortar  shall  be  floated  on  to  the  base  before  spieadingtiw 
wearing  surf."  Mortar  Ipread  on  bsae  within  30  mins  after  mi-giti|gt  and 
floated  within  50  mins  after  base  cone  is  mixed.,  digitized  by  ^OOQlC 
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39.  Markliiir*  *'Aftor  being  worked  to  an  api>roxijnately  true  surf, 
the  block  markings  ahali  be  made  directly  over  the  joints  in  the  base  with  a 
tool  which  shall  cut  clear  through  to  the  base  and  completely  separate  the 
wearing  courses  of  adjacent  blocks. " 

Si.  I^arfaee  e4igem  rounded  to  a  radius  <  H'. 

3«'(.  "When  partially  set,  the  surf  shall  be  troweled  smooth.'* 

36.  On  grades  >  5  %.  surf  to  be  roughened  by  a  suitable  tool  "or 
by  working  coarse  sand  or  screenings  into  the  surf.  *' 

37.  Onljr  mineral  colors  shall  be  used,  and  these  shall  be  incor- 
porated with  the  entire  wearing  surf. 

Slnfi^le  eoat  work. 
39.  Proportions,  1  :  2  sand  :  4  gravel  or  crushed  stone.  Blocks 
separatea  as  in  two-coat  work.  Cone  to  be  firmly  compacted  by  tamp- 
ing, and  evenly  struck  oil*  and  smoothed  to  the  top  of  the  mold. 
"Then,  with  a  suitably  grooved  tool,  the  coarser  particles  of  the  cone  tamped 
to  the  necessary  depth  so  as,  to  finish  the  same  as  two-coat  work." 

Protection. 

39.  "When  completed,  the  sidewalk  shall  be  kept  moist  and  pro- 
tected from  traffic  and  the  elements  for  at  least  3  days.  The  forms  shall  be 
removed  with  great  care,  and  upon  their  removal  earth  shall  be  banked 
against  the  edges  of  the  walk.*^' 

Oradingr  a«Uacent  to  sidewalk. 

40.  On  curb  side,  ll^i'  below  sidewalk,  slope  <  H'/ft.  On  property 
side,  "the  ground  should  be  graded  back  <  2  ft  and  not  lower  than  the  walk. 
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1.  Bnflhlo  harbor.  Blocks  6  ft  long,  abt  4  ft  sq,  88.75  cu  ft  »  3.3  cu 
yds,  made  in  wooden  molds.  H  bbl  Port,  2.5  cu  ft  sand,  7.5  cu  ft  pebbles, 
7.5  cu  ft  broken  stone,  made  a  layer  of  cone,  in  mold,  about  6'  thick.  Faces, 
6"  thick,  of  blocks  on  lake-face  of  breakwater,  of  finer  material.  Face 
placed  first;  backing  placed  before  face  had  set.  (Emile  Low,  A  S  C  £, 
Trans,  June  '04,  Vol  LII,  p  96.) 

2.  Zeebrnsire  breakwater,  Belgium.  Blocks  25  m  (82  ft)  long, 
g  m  (29.6  ft)  wide,  8.75  m  (28.7  ft)  high,  2000  cu  m  (2616  cu  yds).  4500 
tons  each.  Outer  cone  shell,  with  cutting  lower  edge,  three  compartments, 
formed  in  iron  framework  and  floated  to  place;  placed  between  guides  ana 
block  last  sunk;  sunk  by  admission  of  water,  and  filled  up  with  cone, 
1  cem:  2.5  sand  :  6.1  broken  porphyry,  by  means  of  skips  of  10  cu  m  (13 
cu  yds).  Top  meter,  rich  in  cem,  placed  above  water  at  low  tide.  Seaward 
toe  immediately  protected  by  rubble  rip-rap. 

Superstructure  of  55-ton  blocks,  laid  above  water;  these  surmounted  by 
cone  olocks,  formed  in  place. 

3.  Molds  for  Isolated  monolithic  snb-aoneous  concrete 
blocks,  from  150  to  222  cu  yds,  forming  pier  of  trapezoidal  cross- 
sec.  The  molds  are  bottomless  boxes  of  trapezoidal  cross-sec.  composed 
of  two  sides  and  two  end  pieces,  held  together  by  I  ^i"  turnbuckle  tie -rods 
acting  on  beams  placed  outside  of  the  mold.  The  tie  rods  have,  at  each 
end,  eyes  in  which  wedge-bolts  are  inserted  at  time  of  erection.  To  remove 
the  molds,  the  wedge-bolts  are  removed  by  turning  up  a  nut  on  the  rods 
which  form  an  integral  part  of  the  wedge-bolts.  This  pulls  the  wedge-bolt 
from  the  eyes  of  the  tie-rods  and  releases  the  walls  of  the  molds,  which 
are  then  picked  up  by  the  mold  traveller,  and  re-assembled  on  the  traveller 
ready  for  re-setting.  Weight  of  mold,  40  tons.  Time  reqd  for  removing 
mold  from  a  block  and  re-assembling  for  re-setting,  from  45  to  60  mins. 
Buoyancy  of  timber  overcome  by  cast  iron  ballast  wts.  Alternate  blocks 
placed  first.  For  intermediate  blocks  only  the  two  side  pieces  of  a  mold  are 
used.  These  are  held  in  place  and  at  their  proper  batter  by  six  turnbuckle 
tie-rods,  each  passing  thru  a  hollow  square  box  of  one-inch  plank,  acting 
as  a  strut.  (South  Her  at  Superior  Entry,  Wiscoiisin.  Report  of  Clarence 
Coleman,  Asst.  Engr     Report  Chf  Engr,  USA,  1904,  Fart  IV.  page  3781.) 
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4.  **  liewlB  holes  should  be  cast  in  the  blocks  where  practicable* 
and  so  "as  not  to  bring  excessive  pres  on  the  cone,  particularly  near  the 
mortar  facing  or  near  the  arrises  of  the  block."     tiewises  and  do«  may 
pull  out  of  green  blocks.     Provide  wooden  blocks  and  rag  cushions  for  use 
in  turning  over  the  blocks,  otherwise  the  comara  may  be  damaged. 

O.  Catitliiflr  iMMiltioii.  Blocks  should  be  cast  with  the  most  important 
face  down,  their  showing  faces  as  nearly  vert  as  practicable,  and  the  back 
of  the  block  on  top,  so  that  laitance,  etc,  riaing  to  the  surf,  may  appear  there. 

nOIiliOW  CONCRETi:  BVIIiBIKG  BI.OCIU. 
AlMtract  of  Specification 

Adopted  by 
National  Association  of  Cement  IJsera, 

Philadelphia,  January,  1006. 


!•  Cement,  Portland,  to  meet  specification  of  A  S  T  M,  adopted  Jan, 
1906.     See  p  1232. 

2.  Sand,  silicious,  clean,  gritty,  to  pass  H'  mesh  sieve. 

3.  Africreiirate.  clean  broken  stone,  free  from  dust,  or  clean  ecnocoed 
gravel,  passing  H"  mesh  sieve,  refused  by  >i*. 

4.  Unit  of  mea«iiircment  for  cem.  Bbl  »  3S0  lbs  net;  cu  ft  > 
100  lbs.  Cem  either  measd  in  original  package,  or  weighed;  not  measd 
loose  in  bulk. 

5.  Proportions.     For  exposed  exterior  or  bearing  walls. 

(a)  Machine-made.     Semi-wet,  I  :  >  3  sand  :  >  4  a^^. 

(b)  Slush  (or  wet)  cone  (quaking  or  flowing),  made  m  individual  moUa 
and  allowed  to  harden  in  them,  1  :  >  3  sand  :  >  5  agg. 

If  stone  is  omitted,  proportion  of  sand  may  be  increased  if  tests  show  no 
increase  in  voids  or  in  absorption,  and  no  loss  of  strength. 

6.  Water  enough  to  perfect  the  crystallization  of  the  cem. 

7.  Mixinisr-  "Thoro  and  vi^rous  mixing  is  of  the  utmost  importance." 

(a)  Hand.  Cem  and  sand  mixt  dry.  Water  added  slowlv  and  workt  in. 
Moistened  agg  spread  upon  mortar,  or  mortar  upon  agg.     Mix. 

(b)  Machine  preferred.  Cem  and  sand,  or  cem,  sandand  agg,  mixt  dry. 
Water  added  and  workt  in.  With  wet  cone,  "this  procedure  may  be  varied 
with  the  consent  of  the  bureau,  etc." 

8.'  Moldinff.  Top  surf  of  tampt  blocks,  after  striking  off,  to  be  "trow- 
eled or  otherwise  finisht  to  secure  density  and  a  sharp  and  true  arris." 

••  CnrinfT*  After  molding,  blocks  to  be  "carefully  protected  from 
wind  currents,  sunlight,  dry  heat  or  freesing  for  at  least  5  days,"  and  sup- 
plied with  additionalmoisture  during  that  time  "and  occasionally  thereafter 
until  ready  for  use." 

10.  IHlnlmum  age  before  using.  1  : 3  sand,  3  weeks;  1  : 2  aaod. 
'^  weeks  "with  the  special  consent  of  the  bureau,  etc";  special  blocka,  for 

osures,  7  days  "with  the  special  consent  of  the  bureau,  etc." 

11.  Marl&inip.     All  blocks  to  be  markt  with  maker's  name  or  brand. 
y,  month  and  year  of  mfr,  and  proportions,  as  "1  :  2  :  3,"  etc. 

12.  Mortar.     "All  walls,  where  blocks  are  used,  shall  be  laid  up  with 
>rtland  cem  mortar." 

13.  M aximnm  load,  including  wt  of  wall,  8  tons  per  aq  f t  of  area 
jf  blocks. 

14.  Thicknesses  of  walls.  Bearing  walls  "may  be  10  %  leas 
than  is  reqd  by  law  for  brick  walls."  In  curtain  or  partition  walls  same  as 
for  hollow  tile,  terra  cotta  or  plaster  blocks. 

15.  Oflliets.  "Wherever  walls  are  decreased  in  thioknees,  the  top  eourae 
of  the  thicker  wall  shall  afford  a  full  solid  bearing  for  the  webs  or  walla  of 
the  course  of  blocks  above." 

16.  I7nder  grirders  or  Joists,  blocks  to  be  made  solid  for  <  S* 
irom  inside  face.  If  concentrated  load,  W,  on  block,  >  2  tons,  this  applies 
f«/5^  J'*"*'*^  supporting  the  girder,  ct«;  if  IV  >  6  tons,  it  applies  to  blocks 
for  <  3  courses  below,  and  to  a  diet  of  <  18'  each  side  of  girder,  etc. 
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17.  In  party  walls,  blocks  must  be  filled  solid. 

IS.  RoimI.  "Where  the  walls  are  made  entirely  of  cone  blocks,  but  where 
said  blocks  have  not  the  same  width  an  the  wall,  every  6th  course  shall 
extend  thru  the  wall,  forming  a  socure  bond,  when  not  otherwise  sufficiently 
bonded." 

19.  Block  fiMsiiiff,  on  brick  backing,  "must  be  strongly  bonded  to  the 
brick,  either  with  headers  projecting  4*  into  the  brick  work,  every  4th  course 
being  a  header  course,  or  with  approved  ties?,  no  brick  backing  to  be  less 
than  8*." 

20.  Thickness  of  web  of  block  (in  bearing  walls)  <  0.25  X  ht  of 
block. 

SI.  Hollow  S|>ace.  In  bearing  walls,  min  percentage  of  hollow  space: 
Buildings  of  1st        2d  3d       4th       5th      6th  story 

1  &  2  stories 33        33 ' 

3  &  4       *     25         33         33        33 

5&6      "     20         25         25         33         33         33 

22.  Sills  and  lintels  to  be  "reinforced  by  iron  or  steel  rods  in  a 
manner  satisfactory  to  the  bureau,  etc."  When  si^an  >  54*,  lintel  "shall 
rest  on  block  solid  for  <  8'  from  face  next  the  opening  and  for  <  3  courses 
below  bottom  of  lintel." 

23.  Prior  to  use,  application  mnst  be  filed  with  bureau  or  with 
chief  of  proper  department,  giving  "a  description  of  the  material  and  a 
brief  outline  of  its  manufacture  and  proportions  used,"  with  "name  of  the 
firm  or  corporation,  and  the  responsible  officers  thereof,"  "and  changes  in 
same  thereafter  promptly  reported." 

24.  Certificate  of  approval  to  remain  in  force  >  4  mos,  "unless 
there  be  filed  with  the  bureau  of  building  inspection^  at  least  once  every  4 
mos  following,  a  certificate  from  some  reliable  physical  testing  laboratory 
showing  that  the  av  "  of  <  3  comp  teats  and  <  3  transverse  tests  comply 
with  requirements;  "the  said  samples  to  be  selected  by  a  building  inspector 
or  by  the  laboratory  from  blocks  actually  going  into  construction  work." 

25.  Preliminary  test.  Maker  to  submit  product  to  tests  required, 
and  file  certificate,  from  a  reliable  testing  laboratory,  giving  in  detail  the 
results  of  the  tests  made.  Results  of  all  tests,  satisfactory^  or  otherwise,  to  be 
filed  in  the  bureau,  open  to  inspection,  but  not  necessarily  for  publication. 

26.  Additional  tests.  Maker  or  user  or  both  "shall,  at  anv  and  all 
times,  have  made  such  tests  of  the  cems  used  in  making  such  blocks,  or 
such  further  tests  of  the  completed  blocks,  or  of  each  of  these,  at  their  own 
expense  and  under  the  supervision  of  the  bureau  of  building  inspection,  as 
the  chief  of  said  bureau  may  require." 

Failure  to  stand  these  tests  involves  immediate  revocation  of  the  certifi- 
cate issued  to  maker. 

27.  Test  requirements.  Blocks  must  be  subjected  to  transverse, 
compression  and  absorption  tests,  "and  may  be  subjected  to  the  freezing 
and  fire  tests."     Freezing  and  fire  tests  not  at  cost  of  mfr. 

28.  Approval  tests  made  at  expense  of  applicant. 

29.  Ifot  less  tkan  12  samples  to  be  selected  by  bureau,  etc. 

80.  "Samples  must  represent  the  ordinary  commercial  prodnct, 

of  the  regular  size  and  shape  used  in  construction.     The  samples  may  be 
tested  as  soon  as  desired  by  applicant  "  but  >  60  days  after  mfr. 

31.  Blocks,  failiniir  to  stand  tests,  to  be  marked  "condemned" 
by  mfr  or  user,  and  destroyed. 

82.  "Tests  shall  be  made  in  series  of  at  least  3,  except  that  in  the  fire 
teats  a  series  of  2  (4  samples)  are  sufficient." 


88.  **  Half  samples  may  be  used  for  the  crushing,  freezing  and  fire 
,38t8.     The  remaining  sa      '  •         • 

finnatory  tests  be  reqd.' 


tests.     The  remaining  samples  are  kept  in  reserve,  in  caae  dupUcate  or  con* 
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84.  **A11  Mamples  ina«(  %e  marked  for  identification  and  oQin> 

parison." 

S9.  Tranaverae  teat.    Sample  (full  sise)  placed  flatwise  on  paralM 
rounded  knife-edge  bearinflcs,  7"  apart.     Load  applied,  midway  betv 
BupportB,  thru  rounded  knife-edge. 
'i  W  h 

Modulus  of  rupture  =  ohd^*  where  W  «=  load,  in  lbs;  L  •»  i 

b  »  breadth  of  block,  ins;  d  =  depth  of  block,  ins.  **No  allowance  ahoold 
be  made ...  for  the  hollow  spaces."  At  28  days,  modulus  of  rupture,  av  150 
:b8/D*,  min  100. 

56.  Compreaiiloii  test.  "Samples  must  be  cut  from  blocks,  so  as  to 
contain  a  full  web  section.  The  sample  must  be  carefully  meaod,  then 
bedded  flatwise  in  plaster  of  paris,  to  secure  a  uniform  beannjg  in  the  t^- 
ing  machine,  and  crushed.  The  total  breaking  load  is  then  divided  by  tbe 
area  in  compression  in  sq  ins,  no  deduction  to  be  made  for  hollow  spaces; 
the  area  will  be  considered  as  the  product  of  the  width  by  the  len^h. 

57.  mUmate  comp  atrenfftb  at  28  days,  av  1000  lbs/  Q',  min  70a 

88.  For  bearinur  walls,  min  1000  lbs  /  Q*.  No  deduction  to  be 
made  for  hollow  spaces. 

89.  Absorption.  Sample  dried  to  constant  wt,  at  >  212^  F. 
Weighed;  placed  in  water,  face  downward,  immersed  <  2*.  Wei^ked  at 
^^     '     ,4  ho         "^ '' 


30  mins,  4  hours,  48  h,  aud  replaced  in  water  immediately  after  each  we__. 

ing.     At  end  of  48  h,  comp  strength  of  wet  specimen  to  be  determined  as 

in  H  36. 

. ,          . .            wt  of  water  absorbed      .      m.  « ,  e  a  oa 

Absorption  -  t~Td — bFlc — *  ™*"' 

40.  Redaetlon  of  eomp  strenirtli,  by  absorption.  >  H-* 

41.  Freeslnfir  test.  Sample  immersed,  as  in  ^  30,  for  <  4  h.  and 
weighed.  Subjected  to  <  15°  F  for  <  12  h.  1  h  in  water  of  <  150"  F. 
Operation  repeated  10  times.  Weigh  while  still  wet  from  lasf  thawing. 
"Its  crushing  strength  should  then  be  determined"  as  in  ^  36. 

4a.  lAiss  of  welffht,  max  10  %;  loss  of  strenstli,  max  }i* 
48.  Fire  test.    Two  samples  placed  in  cold  furnaoe.     Temp  gradoaD^ 
raised  to  1700°  F.     Maintained  for  <  30  mins.     One  sample  plunged  in 
water  of  about  50°  to  60°  F.     The  other  sample  cooled  gradually  in  air. 
"The  material  must  not  disintegrate." 

44.  Cement  briek,  as  substitute  for  clay  brick.  1  :  >  4  dean  sharp 
sand;  or  1  :  >  3  clean  sharp  sand  :  3  broken  stone  or  gravel  passing  H* 
sieve  and  refused  by  K*.  In  other  respects,  cem  bricks  to  conform  to  sped ns 
for  hollow  cone  blocks. 

*  "Except  that,  when  the  lower  figure  is  still  above  1000  Iba  /  O*.  the  loai 
in  strength  may  be  neglected." 
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COST. 

1.  The  following  data  respecting  prices  and  costa  are  compiled  from  rec- 
ords of  actual  construction  as  earned  out  by  men  presumably  skilled  in  the 
art,  and  emplosdng  labor  at  about  the  usual  rates.  They  afford  only  approx 
eatixnates  ot  what  may  ordinarily  be  expected.  The  cost  of  materiaJs,  trans- 
portation, and  especially  of  labor,  vanes  from  time  to  time  and  from  place 
to  place. 

9.  Not  only  does  the  rate  per  hour  for  labor  vary;  but  the  amt  of  work 
turned  out  in  a  given  time  varies  much  more  widely.     A  well  matcht  gang, 

{>reeided  over  by  an  efficient  foreman,  will  produce  usually  from  two  to 
our  times  the  output  of  an  indifferent  gang.  Even  a  well-meaning  worker 
will  frequently  let  his  efficiency  drop  to  75  %  of  what  may  reasonably  be 
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expected;  indifferent  workers  will  produce  only  30  or  20  %.  The  methods 
of  payment,  the  character  of  superintendence,  and  the  way  in  which  the 
work  is  arranged  and  handled,  are  all  very  important;  and  a  bungler,  or 
one  unfamiliar  with  cone  operations,  would  probably  find  difficulty  in  keep- 
ing the  total  costs  within  double  those  given. 

S.  The  prinelpal  itema,  making  up  the  cost  of  cone  (plain  and  reinfd) 
may  be  classified  as  follows: 

Materials;  Cem,  sand,  gravel,  stone,  reinfmt 

Transportation  to  storage;  Hauling,  freight 

Storage. 

Screening,  washing. 

Mixing ;  Loading  and  transporting  to  mixer,  mixing  machine  and  power, 
labor  and  depreciation  connected  with  it,  auxiliary  apparatus  as  mixing 
board,  barrows,  shovels,  etc.,  and  transporting  cone  to  forms. 

Forms;  Erection,  shifting,  depreciation,  material,  labor. 

Depositing;  Dumping,  spreading  and  ramming. 

Finishing;  plastering,  brushing,  etc. 

Inspection  and  superintendence. 

Plant  (besides  mixer  and  forms);  Interest,  depreciation,  repairs,  insurance. 

Cost  of  Haierials. 

4.  For  prices  of  cem,  sand,  etc,  see  "  Price  List,"  under  1,  and  its  subdivi- 
sions, pp  1401,  etc. 

0.  The  eost  of  any  one  material,  -per  eu  yd  of  cone,  varies  greutly  in  diff 
eases,  due  to  wide  variations  in  the  percentages  employed  fur  diff  grades  of 
oonc,  and  can  therefore  be  approximated  only  betw  wide  limits. 

6.  Roughly  stated,  the  total  cost,  for  materials  alone,  may  be  ex- 
pected to  fall  somewhere  between  $2.50  and  $7.50/cu  yd  of  cone.  The  av 
would  probably  be  $4  or  a  little  more,  exclusive  of  reinfmt. 

7.  Cement.  For  prices,  see  "Price  List,"  1.34,  p  1403.  Per  cu  yd  of 
oonc.  betw  $1.50  and  $4,  $2  and  $3  bein^  the  more  usual  limits;  affected 
chiefly  by  grade  of  cem  and  richness  of  mixture. 

9.  Sand.  For  prices,  see  "Price  List,"  under  1.32,  p  1402.  Per  cu  yd 
of  cone,  betw  15  cts  and  $1,  usually  below  25;  affected  chiefly  by  grade, 
dist  from  bank,  natural  monopoly,  and  proportion  used  in  mixture. 

••  Gravel.  In  the  pit,  exclusive  of  screening,  loading  and  hauling,  from 
20  cts  to  75  ots  per  team  load;  affected  chiefly  by  quality,  and  natural 
monoi)oly. 

10.  Stone.  For  prices^ see  "Price  List,"  under  1.32,  p  1402.  Av  price 
for  stone,  broken  to  reqd  size,  at  quarry,  exclusive  of  cartage,  about  $1  or 
$1.50  /  cu  yd  stone.  Per  cu  yd  cone,  betw  50  cts  and  $1.  Affected  chiefly 
by  quality,  dist  from  quarry,  natural  monopoly,  and  proportion  of  mixture. 

11.  Beinforeement.  Cost  will  vary  with  the  design  and  type  em- 
ployed.   For  iron  and  steel  bars,  see  "Price  Ljst,"  1.43,  p  1404. 

Plain  rods,  50  ton  lots,  at  mill,  cts  per  lb,  approx: 
< H\  1 H;      <  H*.  m\     <  %".  2:      <  Va".  2 >i. 
Ransome  twisted  rods,  about  ^  ct  per  lb  more. 
Other  deformed  bars,  )^  to  >^  ct  per  lb  more. 

12.  The  percentage  of  reinfmt  usually  varies  from  about  H  ^o  to  1 H  % 
of  the  cross-sec  of  a  beam  or  slab.  *     r^r^nXo* 
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Cost  off  TrmnsportaUon  to  Stomy^. 

15.  Fretfrlit.  Cem.  by  rail.  Freight  rates  vary  grevtly  in  diff  locali- 
ties, often  due  to  no  other  apparent  reason  than  arbitrary  dLscrimioatioo. 
'*unning  as  low  as  H  ct  /  ton-mile,  and  above  2  cts;  in  gener^.  1  to  2  eta. 

14.  By  Canal.     Boat  loads  of  100  tons  of  2000  lbs  each,  cem,  1  to  2  cU/ 
ton-mile,  according  to  dist;  stone  and  sand,  H  to  IH* 
10.  Coastwise  freight.     In  carload  lots,  0.4  to  0.6  ct  /  ton-mile,  approx. 
Cost  off  Storage,  etc. 

16.  StoriMT®*  Ordinary  cem  barrels  may  be  stored  about  5  layers  high, 
which  requires  about  1  ^  G  ft  floor  space  per  bbl. 

17.  Screening.  Cost,  by  hand,  betw  10  and  25  cts  or  more  /  cu 
yd  of  material  handled.  Machine  screening,  betw  4  and  8  cts  /  cu  yd.  To 
obtain  the  cost  per  cu  yd  of  the  screened  material,  multiply  cost  per  cu 
yd  by  the  ratio  of  total  quantity  handled  to  quantity  accepted. 

18.  WaHhtniir.  Cost  of  washing  sand,  gravel  and  crusht  stone  mav  be 
5  cts  or  more  /  cu  yd  of  material  handled,  for  mechanical  washers.  hanoUnic 
large  quantities.  For  small  quantities,  washt  under  unfavorable  condi- 
tions, as  high  as  40  ots. 

Cost  off  HtiUiiir  and  Plaelnff. 

19.  Hlxlnff  and  piaelny.    Total  eost^  exclusive  of  forms,  from 

$1  to  $2.50  /  cu  yd  of  cone. 

20.  Labor  reauired,  for  fairly  large  quantities,  on  an  av,  one  man  fi*r 
each  2  or  3  cu  yds  mixt  and  placed  per  day.  On  small  jobs,  each  man  «al 
turn  out  much  less. 

21.  Dry  cone  costs  about  $1  more  per  cu  yd  to  mix  and  place  than  wet 
cone.     Herman  Conrow.  Jr.  A  S  C  £.  Trans,  Vol  42,  1899,  p  124. 

22.  Ijoadlniy.  From  12  to  24  cu  yds  of  sand  loaded  into  carta  per  man 
per  day.     12  appears  to  be  usual,  but  24  not  unreasonable. 

23.  Transportation.    Av  load  broken  stone,  gravel  or  sand. 

Wooden  wheelbarrows 2K  to  2K  cu  ft  -  0.09  cu  yd. 

Iron  wheelbarrows 1.9  cu  ft  —  0.07  cu  yd. 

Cost  of  transportation  per  cu  yd  cone  ordinarily  betw  1 1  and  25  eta.  de- 
pending largely  upon  the  length  of  haul  and  the  industry  of  the  laborers. 

Cost  off  HlxiniT- 

24.  Bf  ixlngr  (only).  Much  depends  upon  the  diligenoe  of  the  laborers, 
and  the  sise  of  the  mixer.  Several  examples  indicate  costs  leas  than  10  rt« 
/  cu  yd,  counting  labor  only,  while  others  indicate,  quite  re^larly.  alxHii 
25  cts.  Sabin  says  "The  cost  of  mixing  cone  in  large  quantities  is  seldom 
less  than  30  cts  /  cu  yd  if  allowance  is  made  for  plant." 

25.  As  far  as  practicable,  the  course  of  the  material  should  be  downward; 
the  mixer  being  kept  above  the  work  if  possible.  If  an  elevator  is  us«ed 
for  the  cone,  its  entrance  should  be  below  the  mixer.  In  subway  or  sewer 
York,  the  mixer  can  sometimes  be  placed  below  the  street  level  and  yet 

•ove  the  level  of  the  work^  so  that  it  becomes  unnecessary  to  raise  the 


terials  again  after  dumping  them  onto  the  street  from  the  wagons. 
h  may  be  lost  if  the  supply  of  materials  and  the  demand  for  cooc  are 
kept  nearly  equal,  or  ii  the  conditions  are  such  that  the  men  cannot 


ip  out  of  each  other's  way. 

S6.  Ordinarily,  more  than  half  a  dosen  men  cannot  be  disposed  about  a 

xer  to  operate  it  to  advantage,  measuring  materials,  eleaning  up  plat- 

jrms,  etc  (besides  those  actually  engaged  in  getting  the  materials  to  and 

from  the  mixer).    Cost,  for  labor  only,  should  not  be  much  over  la  cts  per 

eu  yd  of  cone,  even  with  small  machines. 

27.  Mixers,  turning  otit  from  10  to  40  ou  ft  of  concrete  per  bateh  (or. 
Lssuming  one  batch  every  2  mins,  10  to  40  cu  vds  per  hour)  will  cost  from 
^00  to  $1000,  and  will  require  from  5  to  10  HP.  to  operate.  Hand  power 
aacliines,  with  a  capacity  of  5  cu  ft  per  bateh,  about  $250. 

28.  Cost  of  setting  up  a  mixer,  and  taking  it  down,  including  earting  a 
i'ew  miles,  and  depreciation,  betw  $50  and  $100. 

Up  to  100  or  ^X)  ou  yds  of  cone,  hand  miring  is  usually  more  eeooomical 
than  machine  mixing.  ^.g.,.^^,  ^^  (^OOg IC 
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S9.  The  first  cost  of  a  hand  mixlnir  plant,  to  be  operated  by  8 
^10  men,  estimated  as  follows: 

8  square-pointed  shovels,  size  No.  3 $10 

3  iron  wheelbarrows 35 

2  ranuners 5 

1  mixing  platform,  15  X  15  ft 10 

Total $60 

SO.  Perfornianee.     When    material    is    promptly    delivered,  batch 

mixers  turn  out,  on  an  av,  one  batch  in  from  2  to  3  mins.     A  batch  in  one 

nuQ  is  extremely  fast  working.     Sometimes  4  or  5  mins  are  reqd.     For 

cftpacities  and  power  reqd,  see  under  "Mixers,"  K  27. 

31.  The  cost  of  a  mixing  plant  for  cone  work  is  variously  estimated  at 

from  3  to  5  %  or  more  of  the  cost  of  the  work. 

S2.  The  life  of  a  mixer,  unde-   av  conditions,  is  from  30,000  to 

40.000  batches.     Thus,  a  mixer,  turning  out   120  batches  per  day,  will 

require  renewal  in  about  a  year.     A  new  drum  will  generally  be  needed 

after  turning  out  two-thirds  the  total  quantity. 

33.  Mixer  to  foruM.  Time  to  fill  a  barrow  from  a  mixer,  about  10 
sees;  to  disehaige  the  entire  mixer  at  one  operation.  15  to  20  sees. 

34.  Av  barrow  load  of  mixt  cone,  1  H  to  1  ^i  cu  ft  =  0.06  cu  yd.  One- 
horse  carts  hold  about  H  cu  yd;  two-horse,  1  to  2  cu  yds.  To  compute 
costs  of  hauling,  etc.,  see  Art  4  under  "Cost  of  Earthwork,"  p  1025. 

33.  About  10  or  15  ou  yds  of  cone  per  man  per  10  hour  day  can  be  loaded 
by  shoveling. 

Cost  of  Fonnn. 

30.  Cost,  including  material  and.  labor,  varies  chiefly  with  the  character 
of  the  structure;  simple  forms  for  mass  work  being  relatively  cheap,  while 
those  for  detailing  walls  and  floors  of  bldgs,  especially  in  remfd  conc»  are 
about  the  most  expensive. 

37.  Material  for  forms,  betw  10  and  80  cts  /  cu  yd  of  cone  in  place. 

38.  Fabrication  and  erection  will  cost  from  $4  to  $10  per  lOOO  It  B.M. 
for  the  simpler  forms  of  construction;  in  buildings,  from  $10  to  $20. 

39.  The  cost  of  forms  may  be  as  low  as  10  and  as  high  as  50  per  cent  of 
the  total  cost  of  the  cone  in  place;  25  to  35  %  for  forms  for  ordinary  reinfd 
work,  50  %  or  over  for  detailed  building  work. 

40.  The  cost,  per  M|  ft  of  unrface  (as  one  side  of  a  wall)  can  be 
best  computed  for  the  work  in  hand,  given  the  cost  of  the  lumber  and  labor 
availi^ie;  but  will  usually  be  betw  4  cts  and  20  ots. 

41.  The  cost  of  forms,  per  en  y<i  of  concrete,  in  building  constr, 
is  stated  betw  $3  and  $10,  from  $4  to  $6  being  sufficient  for  floor  construc- 
tion, and  $5  to  $7  being  more  usual  limits  for  forms  for  reinfd  work. 

42.  Shlftinip  and  depreciation.  The  figures  given  for  cost  of 
forms  assume  that  the  material  is  not  used  again.  For  special  work,  in- 
volving difficult  and  unusual  details,  the  forms  are  practically  worthless 
after  they  have  been  used.  Ordinarily  the  lumber  can  be  used  2  or  3  times 
before  it  is  discarded.  On  large  buildings,  the  forms  for  which  are  carefully 
designed,  and  where  the  detailing  is  similar  thruout,  forms  may  be  used  a 
half  dozen  times. 

43.  The  labor  of  shifting  forms  will  be  not  much  less  than  the  labor  of 
first  erecting  them. 

44.  Cost  of  labor,  for  placinir  forms,  betw  3  or  4  %  and  20  %  of  the 
eoet  of  cone  in  place. 

Coiit  of  Placinnr. 

45.  Cost    of    febrlcatinKT    (bending,  framing,  &c)   and    placinur 

relnnnt,  from  about  H  to  IH  cts  /  lb  of  reinfmt.     Unit  systems,  33  to 
50  %  more. 

40.  DcfMHiltlniir.  The  actual  labor  reauire<l ,  for  depositing  only,  seldom 
amounts  to  more  than  an  extra  man  to  .help  dump  carts,  move  shutes,  et-c; 
not  more  than  a  few  cts  per  cu  yd  of  cone  placed.  Records  indicate  from 
7  cts  up,  but  these  probably  include  transportation  from  mixer  to  forms. 
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eadlny  and  rammlnir.  CkMt  varies  greatly  with  the 
'  the  work;  being  as  low  aa  15  eta  /  cu  yd  in  fairiy  roiicb  mas 
I  if  the  mixture  is  very  wet);  and  as  high  as  $1  or  more 
1  care  is  taken  in  placing,  tamping,  ramminy  and  spadims.  Lev 
impt  from  carts  or  buckets  in  large  quantities, 
•amming  alone,  from  5  to  15  or  20  cts  /  ou  yd;  seldom  over  40  eta. 

Mlseellaneoas  Costa. 
l»eetloii  and  anperintendenee,  as  usually  done,  about  I 
.16  cost  of  the  work.     In  view  of  the  gross  inefilclencies  that  are 
)ult  if  the  work  is  not  well  arranged  or  the  men  not  kept  up  to 
may  pay  to  expend  as  much  as  5  or  10  %  or  more. 
Ifihlny.     Data  very  variable,  due  probably  to  diff  in  method. 
ling  with  brush, J^  ct  to  7  cts  /  sq  ft  of  surf;  with  dilute  hy- 
icid,  to  remove  efflorescence,  about  20  cts  /  sq  ft. 
1  hammering;  3  to  26  cts  /  sq  ft.     Pneumatic,  leas  than  1  ct. 
)  and  brush  coating,  25  cts  /  sq  ft  or  more. 

Total  Coats. 

In.     For  total  costs,  see ' '  Mass, "  etc,  1  56. 

'  cone,  about  $1  more  per  ou  yd  than  wet,  due  to  additiooal 

mming. 

ivel  cone   $1  to  $2  /  cu  yd  che^>er  than  stone  oonc,  given  the 

of  (sand  +  stone)  to  cem,  the  greater  diff  obtaining  in  mixtarBs 

IS.  Breakwaters,  fortifications,  etc,  cost  betw  |5  and  S7  /  cu 
in  place,  the  av  being  very  dose  to  $6.  Extremes  as  low  as  %i 
1  as  SS. 

n  forced.  Where  work  is  well  organised,  reinfd  buildings  may 
-  as  low  as  $10  /  cu  yd  of  cone  in  place;  but  the  genenJav  is 

while  some  builders  estimate  roughly  on  $1  /  cu  foot  (927  /  en 
Bw  records  run  so  high. 

cost  depends  chiefly  upon  the  forms  (see  "Forms,"  ^  36 V     If 

ell  desif^ned,  so  that  they  are  easily  shifted  and  can  be  used  rp- 

\xe  cost  IS  low;  as  compared  with  special  jobs,  where  refinemenL* 

g  would  not  pay. 

ainlny  walls,  foundation  walls,  abutments,  locks,  piera.  etc. 

y,  apparently  owing  to  the  widely  varying  difficulties  of  construe- 

to  be  encountered.     The  extremes  run  from  $4  to  $16  /  <ni  yd 

>lace.     Quite  often,  however,  the  price  will  be  betw  $6  and  $3. 

la  from  $3  to  $10  more. 

ihes  of  moderate  span,  say  up  to  30  ft,  for  culvert  work,  etc, 

$10  /cu  yd. 

Idlnf^s.     Cost  may  be  expected  to  fall  betw  $6  and  $12  /  cu  vd 

3lace,  with  the  av  about  $8  for  plain,  and  $10  to  $15  or  $20  for 

tniction. 

any  mven  type  of  constr,  all  Dortiona  of  a  building  (except 
i),  such  as  the  floors,  walls,  and  columns,  cost  practically  the 
ti  yd. 

L.  C.  Wason  (E  R.  '09,  Feb  27,  p  233)  gives,  as  east  of 
a: 

$  per  cu  ft  of  space  enclosed  $  per  aq  f t  of  floor 

max           av  min  max  av  min 

stores 0.107  0.131  0.084  2.42  1.77  1.12 

0.129  0.102  0.060  1.70  1.34  OM 

0.118  0.102  0.085  1.23 

0.333  0.233  0.134  3.82  2.43  1.01 

1 0.083  0.076  0.060  0.84  0.71  0.58 

delaas.... 0.122  0.069  0.045  1.51  0.90  0l5I 
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PLASTEBINQ. 


Ths  plastering  of  the  inside  walls  of  buildings,  whether  done  on  laths,  bricks,  ot 
•tone,  generally  consists  of  three  separate  oeats  of  mortar.  The  first  of  these  is  called 
by  workmen  the  nmgh  or  $erateh  eoat;  and  consists  of  about  1  measure  of  qnicklime, 
to  4  of  sand ;  (which  latter  need  not  be  of  the  purest  kind ;)  and  ^  measure  of  bul- 
lock or  horse  hair;  the  last  of  which  is  for  making  the  mortar  more  cohesiTe,  and 
leas  liable  to  split  off  in  spots.  This  coat  is  about  %Xo\fi  inch  thick ;  is  put  on 
foughly ;  and  should  be  pressed  by  the  trowel  with  sufficient  force  to  enter  perfectly 
between  and  behind  the  laths;  which  for  facilitating  this  should  not  be  nailed 
nearer  together  than  U  an  inch.  In  rude  buildings,  or  in  cellars,  Ac,  this  is  often 
the  only  coat  used,  when  this  first  coat  hss  been  left  for  one  or  more  days,  accord' 
lug  to  the  dryness  of  the  air,  to  dry  slightly,  it  is  roughly  scored,  or  icratchedy  (hence 
ita  name,)  with  a  pointed  stick,  or  a  lath,  nearly  through  Its  thickness,  by  lines  run' 
ning  diagunally  across  each  other,  and  about  2  to  4  ins  apart.  This  gives  a  better 
hold  to  the  second  coat,  which  might  otherwise  peel  off.  If  the  first  coat  has  be- 
come too  dry,  it  is  well  also  to  dampen  it  slightly  as  the  second  one  is  put  on. 

The  second  coat  is  put  on  about  W  to  %  inch  thick,  of  the  same  hair  mortar,  oi 
ooorse  dm^.  Before  it  becomes  hard,  it  is  roughed  over  by  a  hickory  broom,  oi 
some  substitute,  to  make  the  third  coat  adhere  to  it  better. 

The  third  coat, about  %  inch  thick,  contains  no  hair;  and  forgiving  it  a  still 
whiter  and  neater  appearance,  more  lime  is  used,  say  1  of  lime,  to  2  of  sand ;  and 
the  purest  sand  is  used.  This  mortar  is  by  plasterers  called  ntarro;  a  name 
also  applied  to  mortar  when  used  for  plasterine  the  outsides  of  buildinKs.  Or  in- 
stead  of  stucco,  tne  third  coat  may  be,  and  usually  Is,  of  hardJLniih,  oraonae  sfHfT; 
which  consists  of  1  measurs  of  ground  plsster  of  Paris,  to  about  2  of  quicklime, 
without  sand.  Hard  finish  worlu  easier;  but  is  not  as  good  as  stucco,  for  walls  in- 
tended to  be  painted  in  oil.    The  plaster  of  Paris  is  for  hsstening  the  hardening. 

Klthcr  of  thcM  third  eoau  U  snooibMl  or  potlihed  to  a  greater  or  lOM  oztMit.  aeeordlBs  to  whether 
It  le  to  abow,  or  to  be  papered,  paioted.  Ae.  The  pollehing  toola  are  merelT.  the  trowel;  the  hand* 
float,  (a  klod  of  wooden  traivel ;)  and  the  waMr-brtiab,  (a  ahori-bandled  brneb  for  wetting  the  enrfaee 
part  at  a  tlue  with  water,  to  order  to  poliah  more  freely.)  For  finer  poUabtng,  a  float  made  of  eerk 
b  need.  The  emooth  pleee  of  board  about  10  to  IS  Ine  eqaare,  with  a  handle  beneath,  en  whioh  the 
ptaalerer  holde  his  mortar  nntU  be  pata  It  on  to  the  wall  with  hU  trowel,  ia  called  a  kuwk. 

The  more  thoroughljr  eaeh  eoat  M  gone  over  with  the  water- bnufa  and  trowel,  (whloh  praeaoe  Is 
sailed  kmuLMoaUng,)  the  firmer  and  stronger  will  It  be.  Frequentij  only  two  eoato  of  plastering  an 
pat  on  In  Inferior  rooma ;  or  where  great  neataeea  of  appearanee  Is  not  needed.  The  first  Is  of  hali 
mortar,  or  eoarse  staff';  this  Is  seraiebed  with  the  broom,  and  then  eovered  by  the  finishing  eoat  of 
flner  mortar,  (stuooo.)  If  this  last  Is  nearly  all  lime,  or  with  but  rtrj  little  sand,  to  make  It  work 
•Mier,  It  is  called  a  slimed  eeol.  WIthont  any  eaad  it  Is  called  ;bis  Ht^f.  Neither  la  as  good  as 
sineeo.  If  the  wall  is  to  be  papered.  When  this  Is  the  ease,  the  third  coat  also  may  bare  a  little  hair, 
to  glTe  It  more  strength ;  but  this  b  not  abeolotely  necessary. 

A  very  good  eOiBot  may  be  prodaoed  In  sutlon- houses,  charehes,  Ac,  by  only  two  eoata  of  plaster  la 
wblflh  fine  dean  screened  gravel  Is  need  Instead  of  saad.    Whoa  lined  Into  regolar  coarsaa,  It 
bloc  a  buff'-^olored  sandstone,  rmrj  agreeable  to  the  eye. 

In  purchasing  plastering  hair,  care  most  be  taken  that  It  bai  not  been 
Inasmneh  as  the  salt  will  make  the  walls  damp.    For  the  same  caase  sea-shore  saad  ahovld  act  b« 
used.    It  Is  almost  Impossible  to  wash  it  entirely  fkve  tnm  salt. 

In  brick  walls  Intended  to  be  plastered,  the  mortar  Joints  should  be  toft  Tery  rough,  to  let  the  pice- 
fter  adhere.  If  It  is  pot  en  snaeoth  waUs.  wltheot  flrst  raking  out  Ilia  mortar  to  the  depth  of  nearly 
an  Inch,  it  Is  rery  apt  to  fkll  off ;  especially  fh>m  outside  walla ;  aa  OSAlM  eeen  dally  In  any  of  our 
cities.  Is  this  raking  out  of  brick  JoiDto  Is  tedious  and  ezpenelv^  itWOIthl  generally  be  better  to 
a  plaster.  The  walls  should  also  be  washed  SUhi  CHiB  all  dust ;  sad  should  be 
s  the  F 
on  on 
lightly 
too  dark,  or  too  light,  another  may  be  applied  with  more  or  lees  of  the  eolortng  matter  In  It.  Finally. 


granite.  By  this  simple  means,  a  sk 
aad  vertical  Joints  of  the  Imitation  n 
wash,  aad  aloag  straight-edge. 


alightly  dampened  as  the  plaster  Is  pat  on. 

To  ImlUte  granite  on  outer  walls :  after  the  seeond  or  smooth  eoat  of  plasier  Is  dry.  It  reoelTee  s 
seat  of  lime  wash,  slightly  tinted  by  a  little  umber,  or  ochre,  *e.  Ifler  tbls  Is  dry,  la  case  It  appear* 
too  dark,  or  too  light,  another  may  be  applied  with  mors  or  less  of  the  eolortng  matter  In  It.  Finally, 
a  wash  of  lime  and  mineral-black  is  tvHnUed  on  from  a  flat  brush,  to  Imlute  the  black  specks  of 
..      ^    ...     .     .  ^  tkllfal  workman  can  produce  excellent  Imiutlons.   The  horitontai 

1  masonry,  may  be  ruled  la  by  a  small  brush,  ualug  the  saase  blad 

The  rough  surfhces  of  allwatls  are  more  or  less  warped,  or  out  of  Hue;  and  It  Is  not  pooslble  for 
the  plasterer  to  reetlff  tbls  perfecUy  by  eye,  as  may  be  seen  In  almoet  erery  house.  Bvea  in  whsi 
areeaUed  flrote Ilea  onoc,  a  quick  eye  can  generaUy  detect  uialgbtiy  undalatiens  of  the  plastered 

To  prevent  this,  the  process  of  iiere««llii|r  is  resorted  to.    Screeds  are  a  kl  nd  of 

■sage  or  guide.  foroMd  by  applying  to  the  first  rough  coat,  when  punly  dried,  horisontal  strips  of  iit.- 
plastering  morur.  about  8  ins  wide,  snd  from  tut  in  apart  all  around  the  room-  These  are  utsd*  lo 
mrfect  f^NB  the  flrst  coat,  out  to  the  Intended  fhoe  of  the  second  one :  aad  while  soft  are  carefully 
made  perfBCtly  strslght,  and  out  of  wind  with  each  other,  by  means  of  the  plumb-line,  straight-edge 
Ac  When  they  become  dry,  the  second  coat  is  put  on,  flUIng  np  the  broad  horitontal  spaoes  between 
them ;  and  Is  readily  brought  to  a  perflM»ly  flat  snrface,  oorrespondlng  with  that  of  the  sereeds,  by 
mians  of  long  stralgbt-edgce  sxtendlng  over  two  or  more  of  the  latter. 

A  daj'a  work  at  plMterlny. 

A  plsaterer.  sided  bv  one  or  two  laborers  to  mix  his  mortar,  and  to  keop  hia  hawk  supplied,  eaa 
average  fkvm  100  to  idOsanare  yards  a  daj,  of  flrtt  eoat;  ahoatMaa  maoh  ef  oasaad:  aad  haif  as 

go  :jigitized  by  VjOOV  IC 
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h  rMulrei  mors  c 
B  oaUinga  or  oa  i 


Oen  Glllmore^s  estlinate  of  eost  of  plaAterlnir    100  sqnare  jv^ 
with  2  or  with  8  coats.    Common  i»bor  $1  per  day. 


Materiala. 

Tbrco  Goau. 
Haid  flnUbed  work. 

Two  Coata. 
Slipiied  eiMt  Sab^. 

Dttioklliii* 

4oaaka. 

iboahela. 
Tloada. 

.70 
4.00 

M 
1.00 

.s 

SJtfoatka. 

SbaalMla. 
eioada. 

ISlta. 

VLT; 

tu» 

•'          for  fine  ituff. 

Plutorof  ParU 

4jm 

Hair 

M 

1.30 

WhlMSuid 

SmMt 

jio 

MM»n'« labor... .  x....... 

Clt 

Iraboirr. -  .... ^ ..... ^ ..... . 

3.00 

Cartacs 

1  M 

Coat  or  100  sqaan  yard* 

$».50 

•IMS 

This  amowito  to  tSH  «ti  peraq  yd  tor  3  eoata;  and  nj  20  eta  Itar  S  ooata. 


ueh  dUtanoes  apart,  (ma 

bo  nailed  to  them.    Lauit  i    _  ,  --, 

four  feet  lath* ;  or  1000  aoeta  laiha  will  oorer  008  aq  ft.    Sawed  lathe  nay 


are  aoid  by  the  boodle  of  1000  each.    A  aqaaro  Ibot  of  aarfbroo  reqalraa  I  ^ 
_...-_.___...  —  _^ -.     .         ^  .  -.  be  bad  to ardar,  of  Miy  !•■ 


quired  leD^th.    A  earponter  oaa  nail  ap  the  tetbe  for  from  40  to  00  aq  yda  ef  plaaiartac  ta  a  te  af 
10  hoars ;  dapeadlsg  on  the  anmber  of  aaslee  In  the  neoia,  te. 


SLATING. 


SooFiiro  BlatoB  are  luiially  from  ^  to  ^  Inch  thick ;  about  A  betnir  a  comauK 
aTerage.    They  may  be  nailed  either  tn  a  sheeting  of  roagh  boaraii  (c,  p.  In  the  flg; 

*"'     *  -e,  toogned  and  growTa4,! 


fh)m  1^  to  ij^  inch  thick,  (which  should  be,  but  rarely  are, 
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laid  horizontally  from  rafter  to  rafter ;  or  sloping,  from  purlin  to  purlin  aa  the 
casse  may  be;  or  to  stout  laths  1 1  i  about  2  to  8  ins  wide,  and  from  1  to  1^ 
thiok.  nailed  to  the  rafters  at  distances  apart  to  suit  the  gauges  of  the  slates. 
Two  uails  are  used  to  each  slate ;  one  near  each  upper  corner.  They  may  be  either 
of  copper,  (which  is  the  most  durable,  but  most  expensiTe.)  of  zinc,  or  of  either 
gaWanized  or  tinned  iron.  The  last  two  are  generallv  used ;  or  in  inferior  work, 
merely  plain  iron  ones,  prey iously  boiled  in  liuseea  oil,  as  a  partial  preserva- 
tive from  rust.  Rust,  however,  sometimes  weakeus  them  so  much  that  they 
break ;  and  the  slates  are  blown  off  in  high  winds,  to  the  danger  of  passers  by. 


Since  good  slate  endures  for  a  long  series  of  years,  it  is  true  economy  to  nse 
nails  that  are  equally  durable.  In  iron  roofh,  the  slates.  Instead  of  being  nailed 
to  boards,  are  sometimes  tied  directly  to  the  iron  purlins,  by  wire.  A  M|aareof 


slating,  shingling,  ^,  is  100  sq  ft. 

In  laboratories,  chemical  factories,  Ao,  subject  to  acid  Aimea.  it  is  difficult  to 

provlda  a  meial  htftcBtng  that  wtll  not  be  mmd  awaj.  In  ueh  oaaea  It  la  beat  to  depend  obieflj  apoo 
alajarorniortar  between  the  slatea.  Thia  will  harden  before  the  metal  fastenlute  glrewaj;  and 
will  bold  the  alatae  In  plaoe,  while  new  fkatentnga  ara  being  inserted. 

TlM  !•■•&  plteli  oonatdered  advleable  for  a  roof,  to  prevent  rain  or  enow  from  being  driren 
through  the  iountloee  between  the  alatae,  la  abont  W)i° ;  or  1  vert  to  S  hor;  which  oorreiponds  to 
a  riae  of  ^  the  epan  in  a  common  doable  pitched  roof.  But  eT«n  at  steeper  pltohea,  rain,  and  more 
partloularlj  snow,  will  be  foreed  through  thereof  by  violent  winds;  espeelallv  If  latha  alone  be  used.  . 
or  even  boardlug  alone.  To  avoid  this,  a  lajer  of  mortar  abont  )i  ineb  thick,  may  be  spread  over 
tba  toQohing  sarfaces  of  the  slates  if  on  laths.  If  on  boards,  the  aama  process  may  ba  adopted ;  or 
tbe  more  common  one  of  lint  ooveiing  the  boards  with  a  layer  of  what  is  eallad  tlcMng  ftU ;  but 
whioh  in  reality  is  merely  thick  brown  paper,  soaked  In  tar.  Thia  is  sold  in  long  eontlnnous  rolls, 
aa  Ins  wide,  and  weighing  from  40  to  Mfts.  A  50  A  roll  will  oover  about  800  sq  fl  of  roof.  With 
proper  nreeauiious  against  the  admission  of  rain  and  snow,  a  pitch  aa  flat  as  1  in  2)^,  or  even  1  in 
a.  may  im  adopted. 

'  Tbe  thickness  of  slate  on  a  roof  is  double ;  azeapt  at  the  Ugf  <  s.  <  «,  Ac,  where  It  Is  triple.  Tbe 
lap  is  measured  flrom  the  nail  hole  (under  <)  of  tba  lower  slate,  to  the  lower  edga  or  tail,  i,  of  the 
nppar  onai  and  is  usually  about  8  ins.  In  order  that  the  showing  lower  edges  of  the  sUtes  shall, 
w  hen  laid,  form  regular  straight  lines  along  the  roof,  the  nail  holes  are  made  at  equal  distances  fjrom 
aald  lower  edges;  so  that  any  irregularity  of  length  Is  eonoealed  ftom  view  at  the  hidden  heath  ot 
ttao  alatee.  The  slater  estimates  the  lengtli  of  his  slate  fh>m  the  nail  hole  to  the  tail ;  discarding  the 
narrow  strip  between  the  nail  hole  and  the  head.  If  from  thia  reduced  length  the  lap  be  deducted, 
then  one-hmf  of  the  remainder  will  be  the  gauge,  wtathtring,  or  nutrgin,  of  the  slating;  or,  in 
other  words,  the  tkowtng  or  •xpoted  width  of  tbe  oourses  of  slates.  Tbe  gauge  in  ins  multiplied 
bj  tbe  width  of  a  alate  u  Ins,  gives  the  area  in  sa  ins  of  fluished  roof  covered  by  a  single  slate ; 
and  If  144  (tbe  so  ins  in  a  sq  foot)  be  divided  by  this  area,  the  quotient  will  be  the  number  of  slatea 
raquired  per  sq  ft  of  roof.   The  upper  side  of  a  slau  is  oalled  Its  back ;  the  lower  one,  iu  bed. 

Slating,  like  shingling,  must  evidently  be  commenced  at  tbe  eaves,  and  extended  upward.  Since 
the  beda  of  the  slat«s  are  not  exactly  parallel  to  the  boarding,  and  eonaequently  do  not  rest  flat  upon 
It,  those  at  tbe  lower  edge  w  would  easily  be  broken.  To  prevent  this,  a  tUting  ttrip  (a 
atout  wide  lath,  with  iU  upper  side  planed  a  little  bevelling,  to  suit  the  slope  of  the  slates)  is  flrst 
nailed  around  near  the  eaves,  fbr  the  tails  of  the  lowest  course  of  slates  to  reel  on.  This  is  shown  on 
a  larger  scale  at  T. 

Slate  of  the  beet  quality  has  a  glistoniag  senri-moUllie  appearance,  somewhat  like  that  of  a  sur- 
riaee  of  paper  rubbed  with  black-lead  pencil.  That  of  a  dull  earthy  aspect,  is  softer,  mora  absor- 
bent, and  consequently  more  lisble  to  yield  to  atmospheric  influences,  rain,  frost,  ko.  Iron  pyrites 
freqnently  occurs  in  alate;  and  since  it  always  deoompo«esand  leaves  holes,  should  never  be  aomltted 
on  a  roof.  Of  two  qualities  of  slate,  that  which  absorbs  the  least  weight  of  water,  when  pieeee  of 
equal  Use  are  soaked  for  an  hearer  two,  is  generally  the  best;  being  least  liable  to  split  by  fkoet, 
and  become  weather-worn.    This  teat  is  eaallv  applied. 

In  Rogland  the  dlfl^renft  almca  are  disungulshed  by  absurd  names  of  no  meaning.  In  the 
United  States  they  are  called  6  by  It's;  lSby34's,  ko,  according  to  their  meanures  In  incbea.  Tbey 
nay  be  out  to  order,  of  almcataav  preeeribed  dimensions,  or  shape.  Tbo«c  Inoommnu  usu  vary  nmm 
about  T  by  14,  to  IS  by  18.  The  iirat  forms  about  5  to  8  luob  courses ;  and  the  last  about  7  to  8  inch ; 
depending  npon  how  far  fhm  the  head  the  nail  boles  are  pierced.  The  farther  this  is,  the  flrmer 
will  the  slating  be. 

Slate  reofs,  Hke  iron  ones,  heat  the  rooma  immediately  below  them  very  much.  This  la  somewhat 
diminished  when  tbe  slates  arson  boards,  instead  of  laths;  and  still  more  by  acnaioX  plaster  b^ 
neaib.    They  are  also  liable  to  break  when  walked  on ;  less  so  when  bedded  in  mortar. 

Welffnt  of  slat«  rooAu  Slate  weighs  about  175  lbs.  per  cub  foot;  therefore, 
a  sq  ft,  K  inch  thick,  weighs  about  1.8  Ibe;  A,  t.T  lbs;  and  H  thick,  8.8  lbs.  But  owing  to  the 
overlapping,  a  square  fbot  of  roof  requlrea  about  <^  sq  ft  of  slate  of  ordinary  sixes;  and  if  the 
slate  is  laid  on  boarda  an  inch  thick,  the  weiRht  per  sq  It  of  roof  will  be  increased  about  2^  lbs; 
or  with  \}i  Inoh  boards,  S.8  lbs.  Laths  will  weigh  about  )|  lb  per  sq  ft  of  roof. 
Hence, 

Approv  Weight 
ofonesqftof 
BlaUng,  in  lbs. 

Slate  H  inch  thicken  laths 4.7S 

"  "  on  1  inch  boards. 6.75 

on  IW  "      "     7.30 

"  8-18"  on  laths 7.00 

"      "     "  on  1  iuch  boards >. 9.00 

"      "     "  onl«"       "    9.&5 

"      K   "  on  laths 9.25 

"      "     "  on  1  iuch  boards 11.25 

"      "     •*  on  \\i  "        •♦    11.80 

tf  slating  felt  Is  used,  add  }i^\  or  if  the  alatee  are  beddcdln  H  iuch  of  mortar,  add  8  Ihs. 
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For  the  tout  welch  t  boras  bj  tboroo/fnumt,  tkiterUMparllnaalMBaat 

tttruj niMb  from  tb«  llaluof  IX  to 8  Ibo  per  tq  nin  roota of  mod«f»M apaa.    AM  Ibr  vlada^ 

lov,  nj  10  fto  poroq  ft;  and  flaaUj  add  tbe  waichtof  tha  traaaltaaU: 

For  atoppiBgr  tlie  Jolnte  between  alatai  (or  thiiif  1m,  Ac)  aod  chbaMTt^ 

rmor  wlBdows.lka,  a  miztnra  of  sUr  whita-lead  paiat,  aa  told  hj  tha  kic  wfili  aaad  aao^b  i»  pt» 
ToatUfrofli  raBDlnc.  laTOfymod;  aanooiaUylf  proteatad  by  a  oarartag  af  atrtpa  ef  I— d,  arinpf. 
ttD.  ke.  aallad  to  tha  morUr-Jol&ia  of  tha  eUtaaeya,  afler  beiac  bant  aa  aa  to  aaiar  aaidialMa:  wbieb 
■hould  ba  serapad  out  for  an  laob  in  daptta,  and  afiarward  raflUad.  Mortar  protaeied  la  the  aaa* 
way,  or  arao  onoroteoiad,  ia  olton  aaad  Iter  tha  patpoaa;  boc  la  not  aqaal  to  tte  paSst  aad  aaad.  Mar 
tar  a  few  d^)  Jd,  (to  allaw  refraotory  partMaa  of  UsM  la  alaak.)  Mlaad  niili  Maidr— Hh'a  atedam 
and  winlaaaaa,  la  ■noh  aaad  Ibr  thia  paipoaa ,  aod  baooaai  v«^  hart,  a^  alteliva. 


SHINQLES. 


Wmn  cedar  ihinglea  are  the  best  in  use ;  and  when  of  good  quality  will  laat  40  or 
60  yean  in  our  Northom  States.  They  are  uaually  27  ins  long;  by  tram  6  to  7  iai 
wide ;  about  ^  inch  thick  at  upper  end ;  and  about  ^  at  lower  end  or  bait ;  and  an 
laid  in  connea  about  8^  ins  wide ;  lo  that  not  quite  }^  of  a  ahingle  ia  exposed  to  Hm 
weather. 

Tbay  ara  nanally  laid  in  threa  thldknaaaaa ;  azoapt  for  an  Ineh  or  two  at  the  nppar  cnda.  wkara  tbaia 
ara  fear.  Tbay  ara  naliad  to  aawad  ■hingHng-latha  of  oak  or  yellow  plno;  abont  Id  ft  la«c;  *3<  i^ 
wlda.  aad  1  Inah  thtek ;  plaoad  in  horlioatal  rowa  aboat  8^  Ins  apart.  Tbase  ara  naliad  lo  the  raft- 
ara.  or  porlloB ;  wbleb.  for  laiba  of  tha  foregoing  alia,  abeald  not  ba  mora  than  S  ft  apart  tram  eaatw 
'1  oaniar.    Two  naUa  ara_nsed  to  aaob  ablngla.  near  tta  upper  end.    They  aboald  not  be  cf  leas  aiat 


tbaa  400  to  a  lb.  Wrooght  nalla  belag  the  atrongeat.  are  the  best ;  oat  onaa  ara  ap*  la  break 

by  the  warping  of  the  shlnglaa.    Two  pounds  of  aaob  naUs  will  suffloe  for  100  aq  ft  of  reoT,  iaelndtet 
waste.  An  average  shingle  7M  ins  wide,  in  8^  ineh  oonraae,  exposes  OH  aq  Ina ;  mmUng  tH  ahiaglss 


to  a  sq  ft  of  roof:  bat  to  allow  tor  waste,  and  narrow  shlnglaa,  it  ia  betier  ia  praetiee  to  allow  abaatS 
ahinglas  to  a  sq  ft. 

Sbtngling.  like  slating,  mast  plainly  be  began  at  the  eavaa ;  and  extended  npward.  Var  otealag  tha 
Joiau  between  the  sbtogles.  and  ohimneys.  donaor  windows.  *o,  aaa  at  end  of  Slating. 

Oypreas  and  white  pine  are  also  uooh  need  for  shingles,  being  mooh  cheaper,  bat  aearealy  half  as 
darable.  All  shingles  wear  qaita  ihin  in  (iae  by  rain  and  azpowua.  In  warm  damp  oWmalaa  ih^ 
all  daoay  within  C  to  IS  yeara. 

^  •  m 

PAINTING. 

TBI  principal  material  nied  in  house-painting.  Is  either  white  lead,  or  oxide  of 
line,  ground  in  raw  (unboiled)  linseed  oil,  by  a  mill,  to  the  consistency  of  a  thick 
paste.  In  this  condition,  it  is  sold  by  the  manufiicturers  in  kegs  of  26,  60,  and  100 
B>B.  To  prepare  it  for  actual  use,  merely  requires  the  addition  of  more  linseed  oil, 
4ay  3  or  4  pints  to  10  lbs  of  the  keg  paint,  for  thinning  it  snfflcientlj  to  flow  readily 
under  the  brush. 

Oood_paiatlng  reqnlrea 4  or 5  ooata;  batsanally  ontyt  are  naad  la prtnolpal rooms;  and S te Inlbrlv 
ones.  Baob  coat  moat  be  allowed  to  dry  perltetiv  baftara  the  n«zt  one  Is  pot  on.  Oao  B  of  the  ksf 
paint  will,  aftar  being  thinned,  oover  aboat  1  aq  yda  of  first  ooat;  t  yds  of  aaoond:  and  «  yds  ef  aaefc 
sabseqBentooat:  or  1  sq  ydof  Sooau  will  raqairein  all.  LOOlbs;  of  4eeals,  l)<  lie;  ef  5eaaM.lM 
IM.  The  reaaon  why  the  first  ooau  raqnlra  ao  mooh  mora  thaa  the  anbeeqaeat  onea.  Is  that  tha  bart 
■orrhoe  of  the  wood  abaorbs  it  more. 

Whan,  as  is  nsnal.  row  or  onbolled  oil  Is  esed  for  thinning,  liryan  mast  be  added  So  It;  othsrvias 
paint  might  raqaire  several  weeks  to  harden;  wherena,  with  dTyers,  nrom  1  toSdaya,  aoaardiaf 
he  weather,  suffloe  for  eaab  ooat  to  beeome  hard  enongh  te  reoalTe  the  next  one.    The  drjese  a 


iniooly  need,  are  powdered  lltharse,  in  the  proportion  of  one  heaped  taaapoenfU :  or  Japan  nr- 

b.  1  table-apoooftal,  to  10  As  of  the  keg  paint,    fcltber  sngar  of  lead,  or  snlphaie  of  atne.  mey  also 

Bsed  instead  of  litharge :  aad  ia  the  same  proportka.    Althoach  both  Utharie  aad  Japan  rmniak 

dark-eolored,  yet  the  qnantlty  Is  ao  small  as  aot  to  appreMab|y  aObet  the  vbiieaaaa  ut  the  paiat. 

iie  vamlah  b  used  in  exeees,  as  la  often  done  in  the  harry  to  bava  work  finlsbad.  It  prodoeai 

dOks  all  over  the  sarfaea.    No  dryer  la  aeoessary  if  painters'  boiled  oil  be  osad  fbr  thinning.    Mere 

.illing  will  not  eaose  oil  to  harden  more  rapldlr ;  hot  that  intended  for  painters,  has  litharge  addstf 

(o  It  prevloosly  to  boiling  j  in  the  proportion  of  l^i  lbs  to  each  10  gallons  of  raw  oil.    la  soase  wsrki 

written  for  the  ase  of  house  painters,  it  U  asserted  that  balling  randera  the  ell  toe  ihiek  Ibr  any  bat 

ooarse  outdoor  work.    But  this  is  euUraly  a  mlatake;  fbr  if  the  bolllag  be  properly  done,  the  all 

rill  be  quiie  thin  eaoogh  for  the  beet  ladda  work;  aad  vlUMonevsr  ha  sISMer  thaa  while  raw;  aad 
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vlll  Impart  to  Um  palatod  rarflM*  •  man  •hlalaf  mn—naot.  The  hMt  ahooM  be  banlj  MiaeleDi 
•e  prednee  boiling ;  or  about  0OOo  Fah.  The  boUiag  should  ooutinue  about  IH  honn ;  the  oil  being 
UiorougiUj  etirrad  at  short  interrala,  to  prerent  the  Itthargs  rrom  settling  at  the  bottom.  The  Ore 
mmv  then  be  allowed  to  subside ;  when  the  operation  will  be  eompleted.  A  sediment  will  then  form 
at  uie  bottom ;  whieh  must  be  left  behind  when  the  oU  Is  poured  off.  llthough  no  dryer  is  neceisarj 
witb  thlr  oil,  stiU  a  little  litharce  maj  be  added  when  great  expedition  demands  it.    Painten  rarelj 


Another  sabetaace  mueb  used  with  the  thinning  oil,  (ezoepl  fbr  the  lint  ooat,j  Is  spirits  of  tun 
.ine  ;  ealled  "  tarp"  bj  the  workmen.  The  quantity  of  oil  majr  be  diminished,  to  the  extent  or  _. 
sMtded  tarp.  This  being  more  fluid  than  oil,  oaases  tae  paiat  to  work  more  pleaianUj  under  the  brush. 
It  moreover  dinlalshee  the  teadeaej  of  the  paiat  to  beeeme  yellow ;  espeoiaUy  lu  rooms  kept  closed 
tor  aome  time.  It  ie  also  much  oheaper  thaa  oil.  It  should  not  be  used,  or  but  sparingly,  for  expoeed 
ontdaor  work ;  inasmneh  aa  its  tendency  Is  to  impair  the  flrmnees  of  the  paint ;  and  although  lu 
•ffeeu  are  searoely  appreeiable  indoors,  they  are  quite  apparent  when  the  work  has  to  resist  the 
w<e«cber.  As  the  fashions  ehange  in  house- painting,  the  surfaoe  is  at  times  required  to  present  a 
•k<«t|JHr  or  ^ossp  Aaish ;  at  other  limes  a  dead  on«  is  ia  rogue.  The  glossy  ens  Is  that  wbioh  the 
BAlat  will  naturally  have,  iMVTided  that  no  more  tarp  than  oil  he  used  in  the  Uilnning.  The  dead 
OiUah  Is  obtained  by  using  no  oil,  but  turp  alone,  for  the  last  ooat;  which  in  that  case  is  called  a 
MmUtn§  eecU.  Although  tarp  ie  not  properly  a  diyer.  still,  as  it  eraporatee  qolokly,  It  raollitaieB  the 
tiArdening  of  the  paint. 

In  outdoor  work  it  is  nsaally  adTlsable  to  use  more  dryer  than  fnelde,  so  that  the  paint  may  eouner 
become  hard  enough  not  to  be  Injured  by  dust  or  rain.    Otherwise  leee  would  be  better. 

When,  Instead  of  a  white  flnish,  one  of  some  other  oolor  Is  required,  the  eoloriag  ingredient  ie 
aBixad  with  the  white  paiat  to  be  ased  ia  the  last  ooat  only :  although  two  eolorlng  oo>u  are  some* 
tines  foand  to  be  neoeasarr  before  a  satisfactory  cfltset  Is  produced.  The  coloring  ingredients  mar  be 
_  ,  ■pbiaok,  terra  eleana,  amber,  ochre,  chrome  yellow,  renetian  red,  red  lead,  te,  kc ;  wbieh 
»  groand  In  oil,  ready  for  sale,  by  the  manufaoturers  of  the  white-lead  and  sine  palnu.  They  are 
■iBiply  well  stirred  Into  the  white  paint. 

All  snrteoes  to  be  painted,  should  first  be  thoroughly  dry,  and  fk«e  flrom  dust.  If  on  wood,  ail 
plaDe>marks,  and  ether  slight  irregularities,  should  first  be  smoothed  off  by  sand-psper.  when  the 
neatest  finish  Is  required.  Also,  all  heads  of  aails  must  be  punched  to  about  H  Inch  below  the  sur- 
ffkoe.  To  prerent  knots  flrom  showing  through  the  finished  work,  (as  those  In  white  or  yellow  pine 
would  do.  on  aocouat  of  the  oontained  turpentine,)  they  must  first  be  kUUd.  as  It  Is  termed.  A  usual 
and  eflbctire  way  of  doing  this,  is  by  eoverlng  them  with  two  coats  of  shellac  rarnish ;  which,  when 
drj,  should  be  smoothed  by  saad-paper.  Another  mode,  not  quite  so  certain,  is  by  one  or  two  ooaia 
nf  white  lead  mixed  with  thin  glne-water,  or  siss,  as  It  is  ealled. 

After  these  preparations,  the  first,  or  vrimins  ooat,  is  put  oo ;  ta  whieb  there  should  be  no  turp; 
beeaaae  It  wonid  sink  at  once  Into  the  bare  wood,  tearing  the  white  lead  behind  It,  In  a  nearly  dry 
friable  eondltion.  After  this  the  nail  holes,  cracks,  4e,  must  be  filled  with  common  glsziers'  putty, 
made  of  whiting  (fine  dean  washed  chalk)  and  raw  linseed  oil ;  boiled  oil  will  not  snswer;  the  putty 
vould  be  friable.  The  putty  would  be  apt  to  fail  out,  if  pat  ia  before  prlmioK ;  thcnue  the  wood 
"  *  mrb  tiie  oil,  and  the  patty  would  then  shrink.  After  the  first  ooat  Is  perfecUy  dry,  the 
e  is  put  on ;  and  for  it  about  1  measure  of  tarp  may  be  mixed  with  S  measures  of  ihe  thin- 
ning oil.  In  tne  third,  and  any  subsequent  coats,  equal  measures  of  turn  and  oil,  may  be  used  for 
tblnniag,  if  the  work  u  required  to  dry  toith  a  gtou ;  but  if  It  is  to  flnisn  dwd,  the  lant  coat  must 
be  a  JUtMng  one;  or  one  In  which  the  thinning  oil  is  entirely  omitted,  and  tarp  alone  substituted 
ftirlt. 

PaiBtera  generally  clean  their  bnishee  by  merely  pressing  out  most  of  the  paint  with  a  knife ;  and 
then  kaM>  them  in  water  antil  farther  use.  If  to  be  put  awi^  for  some  time,  they  may  be  thoroughly 
aieaaed  by  turp;  or  by  soap  and  water.  To  prevent  a  hard  skin  fhnn  forming  on  the  top  of  theu 
paint  when  not  used  for  some  days,  they  pour  on  a  little  oil. 

Tlie  best  iMilnta  for  preserTlnv  Iron  expOfl«d  to  tlio  weather, 

appear  to  be  pulverised  oxides  of  Iron,  soch  as  yellow  and  red  Iron  ochres ;  or  brown  hemsiite  Iron 
oree  finely  ground:  and  simply  mixed  with  liaseed  oil,  and  a  dryer.  White  lead  applied  directly  to 
the  Iron,  reqatres  mcessant  renewal :  and  Indeed  probably  exerU  a  eorroalve  effect.  It  may,  how 
e^er.  be  applied  over  the  more  durable  colors,  when  appeaianee  requires  It.  Bed  lead  Is  saM  to  be 
TOfj  dnrabie,  when  pare.  An  instance  is  recorded  of  pump-rods,  in  a  well  20O  ft  deep,  near  London, 
which,  having  first  been  thas  painted,  were  In  use  fbr  45  years;  and  at  the  expiration  of  that  time 
their  weight  was  foand  to  be  precisely  the  same  as  when  new;  thus  showing  that  rost  had  net 


When  the  slie  of  tlie  exposed  iron  admits  of  It,  tto  fKcdom  fkem  rust  may  be  veiy  maeh  promoted 
by  first  heating  it  thoroughly ;  and  then  dipping  it  into,  or  washing  it  well  with,  hot  linseed  oil 
which  will  then  penetrate  into  the  interior  of  the  Iron.  Per  tinned  iron  exposed  to  the  weather,  ol 
roofb,  rain  plpee,  Ac,  Spanish  brown  is  a  very  durable  oolor.  The  tin  Is  freqoently  found  perfectly 
bright  aad  protected,  when  this  color  has  been  used,  after  an  exposure  of  40  or  60  years.  Wblu 
paint  waahee  off  in  a  fsw  years  by  rain. 

Plaetered  walls  should  If  poesible  he  allowed  to  dry  fbr  at  least  a/ear,  before  being  painted  in  oK 
etberwlse  the  paint  will  be  liable  to  blister.  They  may.  If  preferred,  be  fk^ooed  (wator-cdon. 
nixed  with  else)  to  the  desired  tint  during  the  intenral. 

The  painting  of  unseoseaed  wood  hastons  U«  decay.    If  Ihe  snrfhoe  to  be  painted  b  greasy, 
ffrease  must  first  be  removed  by  water  in  which  is  dissolved  some  lime. 

Wmlies  Iter  oatslde  work.  Downing,  In  his  work  on  ooantry  houses, 
reeommends  the  following:  ^br  wsod-vorJk  ,•  in  a  tight  bushel,  slack  half  a  bushel  of  f^csh  liine.  by 
pouring  over  it  boiling  wator  snOeient  to  cover  it  4  or  6  ins  deep ;  stirring  It  until  slacked.  Add  % 
ke  of  salphato  of  sine  (whito  vitriol)  dissolved  in  water.  Add  water  enough  to  bring  all  to  the  con- 
■iscenoe  of  thlek  whitewash.  Applr  with  a  whitewash  brush.  This  wash  is  whito;  but  It  may  br 
Miored  by  adding  powdered  ochre  Indian  rod,  umber,  4o.    If  iampblaok  Is  added  to  water-eolors,  b 
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ihoald  first  be  thoraaghlj  dUaolTsd  in  aloohoL   The  ralpbaM  of  slno  oaaaw  tibm  waah  to  kceoat  ku4 

ia  a  few  week*. 

ror  briek,  wntutnnrsr -,  or  rou|t;h-cjiHl.    51'ick  i^a  btuihel  of  lim»  m 

bfifivre :  IbeD  Bll  the  barrel  H  ^"'^  '*''  "'»t4?r,  and  mid  a  butftlitl  of  bTilr«i(|.1io  cvKieat.  Add  S  fti  af  •«!• 
(ih^w  nf  cine,  prcvlouilr  di.*»n|v<Ml  la  wfturr,  Tbe  wbciv  a^boulil  W  of  Like  UiiokiMBa  of  paist:  u4 
ina;r  <*»«  [<i^  *>n  wiiti  a  «rkill«wa«ta  tiruxh.  The  wuh  N  uttpnwwi  br  tUirliif  la  ft  piOBk  of  whila  uai. 
)u<t  betoTf  utjn^  It.    U  maj  be  ocilorod,  it  ^ealffd.  II kr  T.be  nnw«dlfit. 

He  aL»ci  ^Ivr-a  tbe  TdIIdvIii^  nhv^p  otl'P«mt  for  nntaUlc  wore  uto  wood.  Mek,  «tOD«,  Me  :  aad  nT«  It 
brooum  far  hardier  ani]  mcHre  durable  ttiaii  samtQCVEi  paint:  Oo«  iiiea«anaf  ifroiuhl  freak  qaiekliB*; 
■4d  tbe  ■anveqaaatl'cjr  of  fliir  whict?  mMu4,  ct  flnt<  canal  a«heJ  ;  ajid  tvlov  aa  iBueh  fk^aak  voad  aaaea; 
mil  the  farcsiVloB  i-a  he  ^laMvd  vhmu^h  4  flniG'  ai«v«,  Uli  v^ll  t.i<g«Lli«¥  ilrf.  Jklit  '<*iUl  aa  aiiMk  ra« 
llnacM  all  aj  wltl  make  ibe  mixture  a»  Ihln  m»  ;>*1dL  Ati^ilT  with  a  [taiucer  i  t^ru^k.  It  m*f  be  w4- 
i»rtt|  Ijke  the  ri>rej;t>liif;,  takluf  onic  if>  mix  'he  odara  veil  vkb  oU  before  adduu  i^flfli.  It  la  baet  M 
|tiil  4tii  I  wo  cruu:  the  firs  I  thb,  aud  ihe  ^forid  (hick, 

Alofr.  annther,  aald  to  atand  ii  to  M  )re««r«  r  h^  Iba  best  wtilLe  lieaij :  10  t^uaru  rvv  Unae«d  all :  H  B 
irT'T'r  !riJ  Iba  lln«lT  ulTitd  a  harp  cleau  MQil ;  1  lb*  rmv  ttiuber.  A^  Ytfty  Utile,  Mj  M  piatof  wr- 
p/ntms.     Appljf  wllh  a  large  brasla. 

4'pniPiit  far  filO|>|>ln§^  Jolntit^  Nm-li  ai*  ftrniii!9..I  rlLinin<'yE(,  ;lc.  Ac.  Wbit«» 
taadi  ground  la  oil,  aa  aold  t»/  Oie  k«g ;  miJiMl  vlib  eueocb  pure  a«ad  to  oiake  m  atifr  paate  tbat  «fll 
aot  ruD.  Itgrowa  bard  bT  expoaura.  aad  realata  beat,ooUI,  and  water.  Pieeaa  of  atoaa  maj  fea 
atroaglr  eemeoted  togetber  by  it,  allowing  a  few  montha  for  proper  hardening. 

WhltewMlli  for  liislde  work,  accordiag  to  Mr.  Downing,  **!■  nuade  m<ire 

fixed  and  permanent,  by  adding  i  qnarta  of  thin  Hm€  to  a  pailftal  of  the  waafi,  Joat  hefcro  aaiaf. 
The  best  aiie  for  tbia  purpose  la  made  of  ahreda  of  glore  leather ;  bnt  any  dean  aiae  of  e«ed  qaaltty 
will  anawer."  aa  thin  glae- water.  We  will  add,  that  the  oemmon  praotiee  of  mixing  aalt  with  wblte- 
waah.  ahonld  not  be  permitted.  Paper  paated  on  a  wall  whioh  haa  prerfonaly  been  ooTwred  with  saB 
wbltewaab,  ia  very  apt  to  beoome  wet,  and  looae.  and  to  fkll  off  durlag  damp  weather.  The  white- 
wash should  be  aeraped  off,  and  the  wall  or  partition  eorered  with  a  eoat  or  two  of  this  rin,  to  piw- 
teet  the  p^iar  thHB  the  efliwi  of  the  sail  that  may  atiU  adhere  to  the  plaster. 


GLASS,  AND  GLAZING. 

Window  gl«aB  is  sold  by  the  box.  Whaterer  may  be  the  sfie  of  the  paiMv,  a  boi 
jonUins  as  nearly  60  aq  ft  of  glaw  as  the  dimensions  of  the  panes  will  admit  of. 

Panes  of  any  also  may  be  made  to  order  by  the  mannfaetnrers.  The  sises  given  In  the  fWl*rie< 
uble,  as  well  aa  many  others,  are  generally  to  be  bad  ready  made.  Ordinary  window  g laaa  of  all  ita 
siiea  in  the  Uble,  is  about  one-sixteenth  of  an  inch  thiok  ;  and  this  la  the  thiekneae  aapnassd  «•  m 
intended  when  a  greater  one  la  not  apeeifled.  DoubU-ikldt  giaaa  la  nearly  H  ineh ;  and  iu  priae  is 
W  per  ot  more  than  the  afayle  thlok.    It  ia  of  oonrae  macb  sireofer  than  the  alogle. 

The  panea  are  oanflned  to  the  aaah  by  glailerf'  putty,  made  of  whiting  (powdered  ehalk)  and  raw 
linseed  oil ;  and  by  smaU  trlangntau*  pUoa  of  thla  tin,  ahoat  M  Ineh  en  a  aide,  whieh  nphaM  the 
glass  while  the  pntty  is  bainc  pot  on;  aad  are  allowed  to  renain  afterward,  aa  a  prefctlea  while  ths 
patty  oontlnnea  soft. 

TABI4E  OF  NVMBERS  OF  PAIVES  llf  A  BOX. 
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The  bnt  qojiUtleB  of  American  glaes  made  in  the  Tleliiity  of  Philadelphia, 
Boston,  Pituburg,  Ac,  are  for  moet  purely  us^tU  purposes,  as  good  as  those  firom 
foreign  ooantries ;  but  when  the  hlghost  degree  of  btauiy  Is  required,  as  in  the 
lower  front  windows  of  first-class  dwellings,  fancy  stores,  Ac,  polished  plate* 
g^lass  of  England,  France,  or  Germany,  must  be  used,  although  the  price  foi 
moderate  sised  panes  Is  from  5  to  8  limes  as  great  as  that  of  the  best  quality 
single-thick  American.  lu  perfectly  smooih  surface,  free  from  distorted  refleo> 
tioiis,  also  makes  it  the  best  for  covering  pictures;  still,  if  carefully  selected 
A  merican  panes  be  used  for  this  purpose,  few  except  critics  in  glass  will  deted 
the  diflbrenoe. 


and  up  to  50  inches  by  9  feet  dimensions.  Also,  for  skylights,  from  Vi  ^  ^  inch 
thick.  This  can  be  ftirnished  to  order  of  any  slzo  up  to  40  inches  by  8  or  10  feet. 
The  smaller  sizes  can  also  be  had  ground.  Grinding  prevents  the  entrance  of 
the  ftill  Klare  of  the  sun ;  and,  moreover,  diffusee  the  light  over  a  much  greater 
width  of  space  below. 

Stren^tli  of  fflam.  Tensile  2500  to  9000  lbs  per  square  inch.  Boston  rods 
by  author,  STiOO  to  5200.  Crushing  strength,  6000  to  lOOOO  lbs  per  square  inch. 
Transversely,  (by  the  writer's  trials.)  flooring  glass,  1  inch  square,  and  1  foot 
between  the  end  supports,  breaks  under  a  cent»^r  load  of  about  170  lbs:  con- 
sequently, it  is  considerably  stronger  than  granite,  except  as  regards  cnuning ; 
in  which  the  two  are  about  equal. 

Kbmark.  Window  and  other  slass  which  contains  an  excess  of  potash  or  oi 
soda  is  very  liable  to  become  dull  in  time,  owing  to  the  decomposition  of  those 
ingredients  by  atmospheric  influences. 
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BOPE. 


BOPB. 


Ilic  streBirtli  of  rope  TVies  greatlj.  Pieoes  from  the  same  oofl  may  Tar? 
16  per  cent  The  Uble  oelow  suppoees  an  average  quality  Btemlla.  Good 
Italian  liemp  is  considerably  stroneer.  The  tarrlns  of  ropes  is  said  to 
lessen  their  strength ;  and,  when  exposed  to  weather,  their  durability  also.  We 
belieTe  that  its  use  in  standing  rigging  is  partly  to  diminish  contraction  and 

expansion  by  alternate  wet  and  drying  weather.    A  few  montha  of  ezf " 

work  weakens  ropes  20  to  50  per  oent 


Table  off  HanUla  rope. 

Diam. 

Circ. 
Ins. 

Wtper 

fool, 
lbs. 

Bresking  load. 

Diam. 
Ins. 

Circ. 
Ins. 

Wtper 
foot, 
lbs. 

Breaking  IomL 

Ins. 

Tons. 

lbs. 

Tons. 

Iba. 

.239 

% 

.019 

.25 

560 

1.91 

6 

1.19 

11.4 

2SS36 

.818 

1 

.033 

.35 

784 

2.07 

'^ 

1.39 

13.0 

29120 

.477 

^yi 

.074 

.70 

1568 

2.23 

1.62 

14.6 

92704 

.686 

2 

.132 

1.21 

2738 

2.39 

7H 

1.86 

16.2 

SS288 

.795 

2>^ 

.206 

1.91 

1278 

2.55 

8^ 

2.11 

17.8 

8Si72 

.956 

3 

.297 

2.73 

6116 

2.86 

9 

2.67 

21.0 

47M0 

1.11 

8>^ 

.404 

8.81 

8534 

8.18 

10 

3.30 

24.2 

5tM8 

1.27 

4 

.528 

5.16 

11558 

&50 

11 

3.99 

27.4 

€1876 

1.48 

4H 

.668 

6.60 

14784 

8.82 

12 

4.75 

30.6 

68M4 

1.60 

6 

.825 

8.20 

18368 

4.14 

IS 

5.58 

S3.8 

75712 

1.76 

«>i 

.998 

9.80 

21952 

4.45 

14 

6.47 

87.0 

8a8K 

Worklnif  loads.  For  raanila  ropes  from  1  to  1^^  ins  diam,  rannlng  sS 
different  speeds  over  sheaves  of  the  diams  stated,  Mr.  C.  W.  Hunt  (Trans  Am 
8oo  Mechl  Bnsrs,  Vol.  XXIII,  1901)  gives  a  table  embodying  spproximatelr  tbe 
following  results  of  experience.  Working  load  »  C  X  ultimate  strength  of  aev 
rope.    D  »  minimum  diam  of  sheave,  in  ins. 


Speed 

ftpermin 

as  for  work  on 

C 

»"d""* 

%' 

Slow 

Medium 

Rapid 

50  to  100 
150  to  800 
400  to  800 

derrick,  crane,  quarry 
wharf,  cargo 

0.140 
0.056 
0.028 

8 
12 
40 

14 
18 
70 

Such  ropes  wear  out  rapidly.  A  rope  1^  Ins  diam  wears  out  in  lifting  from 
7,000  to  10,000  tons  of  coaL  On  the  other  hand,  1>^  inch  transmlasion  ropes, 
running  6000  ft  per  mln  and  carrying  1000  H.  P.  over  abeaves  6  ft  and  17  ft  in 
diam,  last  for  years. 

Mr.  Hunt's  figures  for  ultimate  strength,  based  upon  testa  of  full-slaed  speci- 
mens of  manila  rope  made  by  three  Independent  rope-walks  and  pur^aaed  ia 
Often  market)  are  practically  Identical  with  thoae  given  in  oar  table  above,  ss 
are  also  those  of  Prof.  B.  Kirsch,  of  the  Imperial  Royal  Technological  Industrial 
Museum,  Vienna,  quoted  by  Mr.  Hunt. 
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WJEIOHTS  AND  STRENGTHS  OF  WIRE  ROPES. 

Wire  Rope  manafactured  by  JTohii  A.  Ro«bltnir's  Sons  Co.,  Tren- 
ton, N.  Jr.,  and  otbere.  See  price  list  The  prices  and  weights 
given  are  for  ropes  with  hemp  centers.  When  made  with  wire  centers,  the  prices 
per  foot  are  10  per  cent  higher,  and  the  weights  10  per  cent  greater.  A. 
jLcMOlien  A  Sons  Rope  Co.,  St.  I^onls,  Mo.  ''Hercules"  rope: 
strengths  and  prices  average  about  50  per  cent  higher  than  for  cast  steel  rope.-f 


Trade 
So. 


DIani. 
iu 
InSk 


Approx. 
ci  renin, 
in  ius. 


\Vt. 
perfi. 
in  lbs 


Approx.  break- 
ing strength  *  in 
tons  of  2000  lbs. 


Iron.    C.  steel. 


Minimum  diara. 
of  drum  in  feet. 


Iron.    C.  steel. 


Price  in  cents 
per  footf 


Iron.    C.  steeL 


Standard  Hoisting  Rope,  with  6  strands  of  19  wires  each. 


1 

2^ 

^i 

8.00 

78 

156 

18 

8K 

117 

142 

2 

2 

6.30 

62 

124 

12 

8 

92 

111 

8 

{^ 

5^ 

4.85 

48 

96 

10 

^x^ 

80 

93 

4 

5 

4.15 

42 

84 

8>^ 

^2* 

63 

74 

5 

llz 

^A 

3.55 

36 

72 

lyL 

^74 

57 

66 

5K 

'ts 

4'4 

3.00 

31 

62 

7 

5J^ 

48 

56 

6 

}{| 

4 

2.4o 

25 

60 

6H 

5 

40 

46 

7 

8H 

2.00 

21 

42 

6^ 

^H 

33 

88 

8 

I 

3 

1.58 

17 

84 

s^ 

4 

26 

80 

9 

•8 

^A 

1.20 

18 

26 

«>i 

20 

28 

10 

2'4 

0.89 

9.7 

19.4 

4 

8 

16 

18 

3. 

2 

0.62 

6.8 

13.6 

3J^ 

12 

A 

050 
0.39 

6.5 
4.4 

ll.O 
8.8 

10 

8 

10a 

n 

0.30 

3.4 

6.8 

2  * 

1)1 

7K 

10  b 

% 

0.22 

2  6 

6.0 

IK 

1 

7 

9yi 

Transmission  or  Hanlaire  Rope,  with  6  strands  of  7  wires  each. 


11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 


4^A 

4.'4 

4 

^^ 

3 
fs 


3.55 
3.00 
2.45 
2.  (JO 
1.58 
1.20 
0.89 
0  75 
0.62 
0.50 
0.39 
0.30 
0.22 
0.15 
0.125 


34 

29 

24 

20 

16 

12 
9.8 
7.9 
6.6 
5.8 
4.2 
3.3 
24 
1.7 
1.4 


58 
48 
40 
32 
24 
18.6 
15.8 
13.2 
10.6 
8.4 
6.6 
4.8 
8.4 
2.8 


1^ 


i^ 


Hotes  on  the  Use  of  Wire  Rope,  by  the  Boebling's  Company. 

The  ropes  with  19  wires  per  strand  are  the  more  pliable,  and  therefore  best 
adapted  ror  holsttnuT  and  rnnninfr  rope.  The  others  are  stiffer  and  better 
adapted  for  fmys,  Ac  Ropes  of  iron  or  steel,  up  to  8  inches  diameter,  made  to 
order.  Hemp  center  rope  is  more  pliable  than  wire  center.  Wire  rope  mnst 
not  be  eoiled  or  nneoiled  like  hemp  rope.  When  on  a  reel,  the  reel 
should  be  mounted  on  a  spindle  or  flat  turn-table  in  order  to  pay  off  the  rope. 
When  forwarded  in  a  small  coil  without  a  reel,  roll  the  coil  on  tne  ground  like  a 
wheel,  and  thus  run  off  the  rope.  Avoid  untwistldg  and  short  bends.  To 
preserve  wire  rope,  apply  raw  linseed  oil  (which  may  be  mixed  with  an 


•For  the  safe  worklnfr 

breaking  load,  according  to  speed, 
t  For  discounts,  see  price  list. 
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a  pteM  of  Bbccpskia, 


equal  quantity  of  Spaniah  brown  or  lamp-black)  with 

keeping  the  wool  against  the  rope.    If  «»r  ose  In 

ground,  add  1  bushel  of  fireeh^lacked  lime  and  aome  sawdust  to  1  barrel  «ii 

tar.    Boil  the  mixture  well  and  satante  the  rope  with  it  while  hoc 

QAlvanlxed  wire  rope  for  rigging  is  cheaper  and  more  durable  than  bemp 
rope;  and  does  not  stretch  permanently  under  great  straana.  Its  bulk  ia  oo»- 
sixth  and  its  weight  one-half  that  of  hemp  rope.  Crucible  oeat-ateel  wire  ropes 
are  much  more  durable  than  iron  ones.    They  should  be  kept  well  lubricated. 

Patent  Plattened  Strand  Wire  ]|«pe» 

Manufactured  by  A*  I^eeelien  A  Sons  Hope  €)o.,  St.  I^nia,  Mm* 


Hoisting  Ropes. 


Haulage  and  TransmlasloB  Bopm 


Breaking^Rtrength  Minimum  diam.  of 

List  price  f  pn- 

1 

^ 

ill  tons  of  2000  fee. 

drum  ill  feet. 

foot,  ill  cents. 

g 

■&^ 



15 

1 

d 
8 

1 

1 

i 

d 

t 

a 

%\ 

^  § 

1 

s 

1 

1 

1 

« 

g 

< 

A 

C 

> 

n 

^ 

» 

k 

- 

U 

00 

y 

CO 

^ 

ac 

Holntlnir  Rope. 


9.25 

260 

176 

75 

7.50 

211 

140 

66 

5.40 

168 

109 

54 

4.75 

140 

94 

46 

4.00 

124 

81 

40 

8  40 

106 

69 

34 

2.80 

84 

56 

28 

2.30 

67 

47 

21 

1.80 

56 

38 

17 

1.35 

40  V^ 

29 

13 

1.00 

82 

21 

9 

0.73 

22H 

15 

6 

0.64 

19 

— 

— 

0.44 

18>4 

9>^ 

4 

2S5 

I8i 

2'i.'> 

144 

2-8 

121 

156 

96 

137 

86 

112 

TJi 

89 

59S 

71 

M 

60 

39H 

49 

:« 

S7H 

24 

28 

18S 

25 

2054 

H'-. 

1&2 
120 
KM 
82 
74 


IS 

I'-, 

1', 


«2S    1\. 
52       1'4 
«       \\ 
34       1 
26 
21 
153, 
18 
10», 


Hanlaire  and  Trantsmlaalon  Kope. 


IM 

2.80 

80 

54 

27 

9H 

Ti 

88 

1»^ 

2.80 

64 

45 

22^ 

8 

i^ 

70 

1 

1.80 

63 

36 

W 

6^4 

58 

1 

1.35 

38 

27 

13^ 

6 

5 

44 

1.00 

80 

20 

10 

6«4 

41^ 

6 

85 

0.78 
0.44 

21 
18 

14 
9 

:^ 

aS 

ti 

25 

16*4 

54     i  45      I  1\ 

45     I  Sfiv^  \\ 

85     '  29  I 
27S    22 

aos  17H  s 

14     .   12>5  ,  -. 

10          8KI  S 


*  Working  load  —  0.2  X  breaking  strength. 
t  For  discoiintji,  see  prici*  list,  pp  983  etc. 

t "  Hercules  "  is  a  re^st«retl  trade  uiiurk  rope^  **  made  fimn  a  specially  dfsva 
and  patent  tempered  steel,  manufactured  solely  for  thisbnyndof  rope." 
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PAPEB. 

24  sheets  1  quire.         20  quires  1  ream. 
Slaes  of  drawing  papers. 


Ids.    Idi. 

AotlqnArian 31  X  S2 

Double  Klepbaut 26  X  40 

Atlus 26  X  34 

Imperial 21  X  80 


Ina.    IM. 

Snper  Royal 19  X  27 

Royal 19  X  24 

Medium 17  X  22 

Demy 16  X  20 

Cap IS  X  17 


The  BngliBh  drawing-papers  are  stronger  and  superior  to  the  American.  Those 
bv  Wlsatman  hare  a  high  reputation;  Ihey  are,  howerer,  of  different  qualities.  Wb«»n 
|)H|H'r  is  pasted  on  muslin,  the  diflforance  in  quality  is  not  so  important.  Of  paper 
ill  rolls,  the  Oennan  makes  are  the  best.  There  is  but  little  of  other  makes  imported. 

Botli  wliite  and  tinUnl  papers,  for  the  use  of  engineers,  are  made 
in  continuous  rolls,  without  seams.  Widths  86.  42,  54,  58,  and  62  ins;  usual 
lengths  40  yds ;  but  can  be  had  to  order  to  400  yds  or  more.  Thtse  may  also  be 
bad  mounted  on  muslin,  in  rolls  10  to  40  yds  long. 

Cartridge  or  pattern  paper  is  fhrniahed  in  lone  rolls,  of  same  lengths  as 
white  paper,  mounted  or  not;  widths  up  to  54  Ins.    Color,  a  light  buffi 

Traoln^  paper.  Most  of  that  sold,  whether  domestic  or  foreign,  tears  so 
readily  aa  to  be  or  comparatively  little  serrice.  Parchment  paper,  8?  and  88  ina 
wide,  rolls  of  20  and  33  yds,  is  better,  but  does  not  take  ink  perfectly. 

Traeiny  doth,  usually  called  tracing  mtu/in,  and  sometimes  vellum  cloth,  is 
altogether  preferable  to  tracing  paper,  on  account  of  its  great  strength.  Widths 
18,  80,  36,  and  42  ins ;  lengths  to  24  yds. 

Profile  paper  is  made  in  widths  of  9  ins  and  20  ins,  and  in  single  sheets 
or  in  long,  continuous  rolls. 

Croaa  seetlon  paper,  mounted  or  unmounted,  tracing  paper  and  cloth, 
are  furnished  in  sheets  and  in  rolls,  ruled  in  quarters,  fifths,  eighths,  tenths, 
twelfths,  and  sixteenths  of  an  inch,  or  In  millimeters. 

Colors.  Since  the  introduction  of  blue  printing,  tinted  drawings  are  seldom 
made,  except  for  architectural  effect;  but  colors  may  be  used  to  advantage  on 
black-line  prints  from  tracings,  p  1890.  A  good  draughtsman  needs  but  few 
colors;  say  India  ink,  Prussian  blue,  lake,  or  carmine,  light  red,  burnt  umber, 
burnt  sienna,  raw  sienna,  gamboge,  Roman  ochre,  sap  green.  Winsor  &  Newton's 
colors  are  among  the  best  in  use.  Purchase  none  but  the  very  best  India  ink. 
Cakes  of  colors  should  always  be  wiped  dry  on  paper,  after  being  rubbed  in 
water;  and  but  little  water  should  be  used  while  rubbing;  more  being  added 
afterward. 

Liead  penella.  Genuine  A.  W.  Faber's  Nos.  2,  3,  and  4,  are  Tory  good.  Tho 
hardness  increases  with  the  number.  Nos.  3  and  4  are  good  for  field-book  use :  whicii 
to  prefer,  will  depend  on  the  character  of  the  paper;  No.  3  for  smooth,  and  No. 4  for 
the  coarser  or  more  granular  papers.  His  ItUered  pencils  are  of  a  higher  grade  and 
better  suited  for  draughting.  "  H  "  stands  for  **  hard,**  **  B  '*  for  **aotL"  The  degree 
of  hardness  or  of  softness  is  indicated  by  the  niunber  of  ETs  or  of  Vs.  *'  F  "  (interw 
mediate)  corresponds  with  No.  3.  Dixon's  American  pencils  are  good.  The  office 
draughtsman  should  have  a  flat  file,  or  a  piece  of  fine  emery  paper  glued  to  a  strljp 
of  wood,  upon  which  to  rub  his  lead  to  a  fine  point  readily,  after  using  the  knifsw 
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BLUE-PRINTS,  ETC.* 

Art.  1.  (a)  In  order  to  obtain  the  best  results,  all  mtn— f  ■■■■y  ex- 
poanre.  either  of  the  senBltised  paper  or  of  the  soIuUods,  to  aonilglkt  or  to 
other  white  light  should  be  avoided. 

(b)  CleanlineiM  is  of  the  first  importance.  The  vessels  in  which  tlie  solii- 
tions  are  made  and  mixed  must  be  scrupulouahr  dean,  and,  if  washed  with  soais 
must  be  carefully  rinsed  with  clean  water.  They  should  be  left  full  of  water 
when  not  in  use.  The  presence  of  fi-ee  alkali  of  any  kind  is  fatal  to  good  re- 
sults, and  immediately  destroys  the  blue  oolor  of  a  finished  print.  See  Art.  19  (b). 
The  solutions  must  not  be  allowed  to  oome  in  contact  with  Iron. 

Art.  2.  (a)  The  Solution  used  in  sensitizing  the  paper  for  bluo-ptioti 
is  usually  that  of /emevauide  of  potassium  (red  prussiate  or  potash)  f  and  am- 
moniocltrate  of  iron  f  citrate  of  iion  and  ammonia)  in  water. 


(b)  The  two  salts  are  usually  dlflsolwed  seMrateljr  and  the  two  aolo- 
ions  then  mixed.  The  potassium  salt  should  be  broken  up  fine.  The  Iron  salt 
is  usually  quite  pure  ana  diasolves  very  rapidly.    It  may  be  kepi  indefinitely  in 


a  solid  state  if  perfectly  dry,  but  it  readily  abeorha  moisture,  and  then  I 
sticky  and  unfit  for  use;  and  the  solution  is  apt  to  beoome  mouldy  after  a  few 
days,  either  alone  or  when  mixed  with  the  potassium  solution.  Hence,  It  should 
be  prepared  (in  a  dark  room)  in  small  quantities  as  required. 

Art.  8.  (a)  The  following  is  an  average  of  several  recipes  that  give  ex- 
cellent results: 

Solution  A.  1  ounce  of  red  nmssiate  of  poUsh  to  6  oooces  oT  water,  or  2^ 
ounces  of  the  salt  to  a  pint  of  water. 

Dissolve  thoroughly  and  Alter.  The  solutions  may  be  sulBcieatly  filtered 
through  raw  cotton,  and  much  more  rapidly  than  through  paper. 

Solution  B.  1^  ouncee  of  ammonioeitme  of  Iron  to  6  ounces  of  water,  or  4 
ounces  of  the  salt  to  1  pint  of  water. 

Dissolve  thoroughly.    Filter,  unless  the  solution  is  perfectly  clear. 

(b)  Keep  the  two  solutions  in  separate  glass-stoppered  bottles  in  a  dark  plaet 
until  they  are  to  be  used.  Then  mix  them  in  equal  parts,  and  filter  the  mix> 
ture.  Take  care  that  no  undissolved  particles  of  the  led  prussiate  set  Into  the 
double  solution.   It  must  be  rejected  wbeu  its  brown  oolor  changes  to  bluish  freen. 

(e)  The  combined  solution  will  eoat  amateura  trom  1  to  2  centa  per  ovoes  lo 
make.    About  4  ounces  will  aulBee  for  coating  100  souare  feet  of  paper. 

(d)  If  a  few  drops  of  strong  ammonia  solution  oe  added  to  the  citrate  sohi- 
tion,  B,  until  the  odor  is  quite  perceptible,  the  addition  of  a  saturated  aolatioa 
of  ozalle  aeid  in  water  to  tne  double  solution  will  hasten  tlie  print* 
ins  in  cloudy  weather.  10  per  cent,  of  the  oxalio«cid  aolution  will  in> 
crease  the  rapidity  of  printing  about  2^  times ;  20  per  cent.,  5  timca ;  30  pet 
cent.,  10  times ;  but  with  more  than  20  per  cent,  it  Is  difficult  to  grt  clear  white 
lines.  In  sunlight  the  difference  is  much  lees  marked.  (Bnaineerimg  Jfewt,  Dec. 
15,1802.)  -^        ^ 

Art.  4.  (a)  Where  fine  work  is  not  essential,  any  well-sised  pnper.  suffi- 
ciently touKh  to  bear  the  washing,  will  answer.  For  important  work  use  paper 
of  fine  uniform  texture  and  smooth  hard  surface,  free  from  ii^urious  chetnical 
substances.  If  the  solution  penetrates  below  the  surface,  a  portion  of  the  then- 
icals  may  remain  In  the  paper  in  spite  of  the  washinjrana  damaire  the  resiih 
Many  papers  are  made  especially  for  this  purpose.  The  Saxe  ((«ermaii)  and 
Rives  (French)  papers  are  considered  among  the  best  Johannot  and  Steinbacb 
papers  give  good  prints,  but  are  not  very  strong.  Weston's  and  Scotch  linen 
papers  are  stronger,  and  the  latter  gives  excellent  prints.  Before  aensitixing 
a  large  quantity  of  paper  of  a  new  kind,  try  a  small  sheet  of  it.  Unen  for  sen- 
sitizing  is  also  sold  by  dealers  in  photographic  material  and  engineers*  aappllcsL 

Art.  5.  (a)  The  solution  is  applied  (in  the  dark  room  of  oonrae)  'o 
one  side  only  of  the  paper.  This  is  sometimes  done  by  **  floating  ^  t)>e 
paper  upon  the  solution,  taking  care  that  none  gets  upon  the  boolfc  of  the  sheet. 

*  See  "Modem  Heliographio  Processes,*'  by  Ernst  Leltxa;  D.  Van  Noatrsnd 
Co ,  New  York,  $3.00;  a  work  to  which  we  are  indebted  for  many  Taluable  sug- 
gestions. 

"  Modern  Reproductive  Graphic  Processes,"  by  Lieut  J.  8.  Psttlt,  D.  Van 
Nostrand  Co.,  Science  Series,  No.  76, 50  cents,  deals  chiefly  with  artistic  pholcg- 
raphy,  Ifthographv,  etc. 

See  also  paper  by  BenJ.  H.  Thwalte.  Proc's,  Inst'n  dr.  Eng'rs,  Vol,  Ixxxvl  y. 
812,  reprinted  iu  Kngineering  News,  Nov.  27, 1886. 
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Tbe  papei  to  held  bj  two  diagonally  opposite  oornera,  and  the  diagonal  joining 
the  other  two  oomeni  is  then  allowed  to  touch  the  surface  of  the  liquid.  Then 
tbe  two  cornen  held  in  the  hand  are  dropped,  first  one  and  then  the  other.  The 

Kper  should  then  be  lifted,  one  half  at  a  time,  to  see  whether  any  air  bubbles 
▼e  been  formed  under  it  If  so,  they  may  be  removed  br  drawinx  over  the 
solution  that  half  of  the  sheet  under  which  they  occur,  while  the  other  half  is 
held  up  from  the  liquid.  One  or  two  minutes  suffice  for  floating,  and  the  paper 
is  then  drawn  out  oTer  an  edge  of  the  bath,  draining  olT  the  surplus  liouid. 
This  process  requires  a  tray  larger  than  the  sheet,  and  the  inner  surface  or  the 
trav  most  be  uut  onir  water- proof,  but  also  proof  against  chemical  action  from 
the' solution.    Consiaerable  care  is  required  in  the  manipulation. 

Art.  6.  (a)  The  solution  is  usually  applied  bv  means  of  a  soft  wide  brnnh 
(such,  for  Instance,  as  those  used  for  wetting  the  leaTcs  in  letter-copying  books) 
or  a  large  soft  AMnffe  entirely  free  from  sand  or  other  grit 

Art.  7.  (a)  In  applying  the  soluti<  m,  the  paper  may  be  laid  upon  a  ))oard  cov- 
ered with  sort  smootn  otl*clotb,  which,  after  each  sheet  is  sensitised,  should 
be  wiped  oflT,  to  avoid  smearing  the  back  of  the  next  sheet. 

(l»)Tbe  operation  must  be  quickly  performed,  so  that  no  portion  of  a 
sheet  may  become  dry  before  its  entire  surface  has  been  coated.  For  very  large 
sheets  it  may  be  necessary,  for  this  reason,  to  employ  two  persons.  First  cover 
the  sheet  br  strokes  of  the  wet  sponge  or  brush,  moved  in  the  direction  of  the 
length  of  tne  paper,  and  then,  immraiately,  by  light  strokes  st  right  angles  to 
these  and  with  the  sfionge  or  brush  squeesed  out,  so  that  the  solution  may  be 
uniformly  and  thinly  distributed  over  the  entire  surface.  Wash  out  the  sponge 
immediately  In  the  oark  room. 

Art.  8.  (a)  The  paper  is  then  hung  up  to  dry  in  the  dark  room,  bv  meanb 
of  dips,  of  any  convenient  form  and  free  from  iron.  Small  sheete  may  be  hung 
by  one  corner ;  lai^r  sheets  by  two  adjacent  comers,  or  by  three  or  more  places 
(aoconiing  to  sise)  along  one  edge,  taking  care  to  bockle  this  edge  slightly,  so 
that  the  paper  may  not  ne  stretched  in  drying.  If  the  sheets  are  hung  over  a 
rod  or  rail  the  solution  will  dry  unevenly  at  the  bend.  In  order  that  the  whites 
in  the  print  may  be  clear,  the  air  should  be  warm,  so  that  the  paper  may  dry 
quickly  and  the  solution  be  thus  prevented  from  penetrating  it  deeply. 

Art.  9.  (a)  Make  sure  that  the  paper  is  perfeetly  dry  before  it  Is  used 
or  put  awsy,  and  see  that  it  is  kept  both  dry  and  eUtrk  until  it  is  wanted  for  use. 
If  carefully  prepared  and  preserved  it  will  retain  sensitiveness  for  a  long  time, 
but  the  best  results  axe  obtained  with  fresh  paper,  and  it  is  best  not  to  keep  it 
more  than  a  month  or  two. 

Art.  10.  (a)  Tbe  traelair  paper  or  tracing  cloth  should  be  of  a  bluish 
cast  (a  yellow  paper  delavs  printing),  thin  (see  Art  15,  ),  and  as  nearly 


transparent  as  possible.    It  should  be  preserved,  both  berore  and  after  drawing, 
from  long  exposure  to  li^^ht,  which  tends  to  render  it  opaque. 

(b)  Both  before  and  alter  drawing,  it  should  be  kept  either  flat  or  rolled,  and 
not  folded,  because  folds  render  it  difficult  to  bring  the  drawing  into  perfect  con- 
tact with  the  sensitive  paper  in  printing. 

Art.  11.  (a)  Tbe  drawlnfr  or  tracing  should  be  made  with  the  best 
India  ink,  rubbed  very  black.  The  addition  of  a  little  gamboge  or  chrome  yel> 
low  increases  the  opacity.  Lines  drawn  in  chrome  yellow  and  in  ganiboee  print 
well ;  but  Prussian  olue  or  carmine  should  be  rendered  more  opaque  by  the  addi- 
tion of  a  little  Chinese  white  or  flake  white.  Hold  the  tracing  up  to  a  strong 
light,  in  order  to  detect  any  weak  places  in  the  lines. 

Art.  13.  (a)  Prlntlnir  consists  in  exposing  the  sensitive  paper  to  the 
action  of  light,  the  drawing  being  placed  between  the  light  and  the  sensitfve 
surface.  The  arc  eleetrie  llfrbt  prints  more  slowly  than  direct  sunlight  but 
has  the  advantage  of  constancym  all  weathers  and  at  all  hours,  and  of  fixedness 
of  position.    See  Art  16  (a). 

(b)  Place  the  frame  with  Its  face  perpendicular  to  the  rays  of  light,  as  nearlv 
as  may  be,  and  see  that  no  shadows,  as  of  trees,  buildings,  etc.,  are  allowed  to  fall 
upon  a  portion  of  the  drawing. 

(o)  All  handling  of  the  paper,  such  as  cutting  it  to  slise  or  placing  it  in  the 
frame,  should  be  done  in  a  weak  light 

Art.  13.  (a)  To  secure  close  contact  between  the  tracing  and  the  sensitive 
paper  (see  Art  16,  )  they  are  usually  placed  in  a  prlntlnif-flranie.  The 

esfsential  parts  of  an  ordinary  fhune  are :  the  Arame  proper,  a  plate  of  clear  glass 
for  the  passage  of  the  light,  and  a  padded  back,  which,  oy  means  of  clamps  and 
springs,  presses  the  two  sheets  closely  together  and  against  the  glass. 

(b)  The  tracing  is  laid  in  the  frame,  with  its  drawn  side  next  to  the  fflass 
(but  see  Art  16  h\  and  then  the  sensitive  paper,  with  the  sensitive 
side  next  to  the  tracing.    Finally,  tbe  padded  back  is  


paper,  with  the  sensit 


(e)  The  bock  ia  often  made  in  two  balree,  hinged  together  and  each  provid  ^ 
ith  a  spring,  so  that  one  half  may  be  raised  to  permit  exauiinaUon  of  tJ«e 
rogress  of  the  exposure,  while  the  other  half,  remaiuiug  clamped,  boida  U%e 


with 

progress  of  the  exposure, 

tracing  and  tho  sensitive  paper  in  position. 

(d)  By  using  a  frame  left  open  at  both  ends  long  strins  of  sensitixe  paper  rnt  j 
be  used,  a  part  at  a  time,  the  rest  being  rolled  up  at  the  ends  of  the  frmuie  ai  4 
wrapped  for  protection  irom  light. 

(e)  ill  any  frame  it  is  imporUnt  that  the  glass  be  sufficiently  thick  to  with- 
stand the  pressure  reouired  in  order  to  secure  close  couUcl  between  the  t«o 
papers  (see  Art  15,  below),  of  excellent  quality,  and  free  from  defeeU  wuirh 
would  obstruct  or  unequally  refract  the  light.  The  glass  should  be  oarefiilly 
cleaned  before  printing. 

(f)  improved  forms  of  printing-frMmes  have  rubber  air-cushiona  in  plaee  cf 
flannel  pads.  In  others  the  necessary  pressure  is  secured  by  meana  of  a  vacuuo 
produced  between  the  tracing  and  the  slaas  by  means  of  a  pumpu 

(»)  I^rinting-frames  are  supplied  by  dealers.  The  prices,  including  glaaa,  rmrj 
from  about  92  for  frames  10  x  12  inches,  to  $:J0  or  945  for  ftamea  36  x  60  indMa 
Frames  running  on  rollers,  with  fittings  for  exposing  them  uutside  of  wlndowa, 
are  also  furnished,  at  prices  varying  with  the  dimensions  and  the  requirenenta 

(b)  For  large  blue-prints.  Prof.  E.  C.  Gleavea,  of  (.'ornell  Univereity,  uaea. 
instead  of  a  frame,  a  wooden  cylinder  covered  with  felt  and  revolving  on  its 
axis.  Upon  this  cylinder  the  tracinjg  and  sensitive  naper  are  btretchcd  by  meaos 
of  a  suitable  clamping  device,  and  the  cylinder  is  then  revolve«l  in  theeunligbt. 
This  method  dispenses  with  the  use  of  glass.  It  of  course  requires  a  longer  ex- 
posure than  the  ordinary  method.    (7Vtm«.  Am.  Soe.  Meek,  &tg.^  vol.  viii,  p.  rJ2.) 

(I)  For  still  larger  prints.  Prof.  R.  H.  Thurston  stretches  the  two  papers  upon 
a  thin  board,  which  is  then  sprung  into  a  curve  and  held  in  that  ahape,  kcepins 
the  papers  in  tension  upon  the  convex  side.  This  method  also  dispenses  with 
the  use  of  glaw,  and,  the  curvature  of  the  board  and  the  papeia  being  bat 
slight,  the  whole  of  the  paper  is  exposed  to  the  light  at  one  and  the  same  time 
( TVaiw.  Am.  Sbc,  Mteh.  ^Hf.,  vol.  ix,  p.  696.) 

Art.  14.  (a)  The  time  required  for  ezpiMnre  varies  with  the 
color,  directness,  and  intensity  of  the  light,  with  the  thickness  and  opacity  of 
the  tracing  naper,  with  the  blackness  of  the  drawing,  with  the  maierials  and 
the  care  used  in  sensitizing  the  paper,  and  with  the  lyeshneas  of  the  latter,  froai 
two  or  three  minutes  to  hours  or  even  daya  Roughly,  we  may  say  that  in  ftelJ 
sunlight,  in  Philadelphia,  about  three  minutes  ordinarily  suflloe  from  noon  to  2 
p.  M.,  and  ten  minutes  at  10  a.  m.  or  4  p.  ii.;  in  the  shade,  thirty  to  fortT^fire 
minutes  at  noon;  but  no  fixed  rules  can  be  civen.  Experience  must  decide 
in  each  case.  A  preliminary  experiment  may  be  made  with  a  small  fkwme.  If 
the  back  of  the  frame  is  in  two  or  more  pieces,  the  process  may  be  inspected  from 
time  to  time. 

S(b)  If  perfectlr  opaque  ink  be  properly  used,  the  blue  background  may  be 
rinted  very  dark  without  spoiling  the  lines,  but  over-exposure  Iti  printinir  ren- 
ers  the  backnound  first  black ish  and  t  hen  of  a  di ngy  shade.     See  .A  rt.  1 7  (c>  and 
(d ).  Dm  wings  in  pale  ink  must  be  printed  very  lightly,  in  order  that  t  he 

lines  may  romain  white,  and  it  is  best  to  use  with  them  a  weak  light,  or  to  pro- 
tect them  by  tissue  paper  or  ground  glass.    8ee  Art  18  (a). 

Art.  15.    (a)  To  obtain  perfectlv  sharp  impressions,  the  aide  of  the  traeinr 

upon  which  the  drawing  is  made  should  oe  in  Immediate  e«ataet  with 

vhe  sensitized  surface  of  the  blue-print  paper,  especially  if,  as  with  sunlight,  ihf 

irection  of  the  light  is  yariable;  for,  if  any  appreciable  distance  iatervene» 

itween  the  two,  as  in  printing  through  oardcMMrd  (see  Art.  16,  below),  the 

ladows  cast  by  the  lines  of  the  tracing  will  move  over  the  sensitized  surface  as 

le  direction  of  the  light  changes,  and  thus  give  a  blurred  impremion.   In  moa 

kses,  however,  it  is  practically  out  of  the  question  to  place  the  two  surfhoes  io 

its  way,  because  that  position  gives  a  reversed  impression  as  regards  right  and 

efU*    lience  a  thin  tracing  paper  or  linen  is  recommended  in  Art.  10  (a).    Vat 

the  same  reason  it  is  imperative  that  the  two  papers  be  firmly  and  evenly 

pressed  aninst  the  glasa 

Art.  16.  (a)  By  using  a  light  which  is  constant  In  position,  relatively  to 
the  surface  of  the  tracing,  such  as  an  aro  electric  light,  it  is  possible,  by  prolong- 
ing the  exposure  for  hours  or  even  days,  to  obtain  blue^prints  flroiai  draw* 
Inars  made  npon  atont  drawlngr  |»aper  or  even  upon  Jbrint^l  baard. 
(b)  With  Bunllffht  the  same  object  may  be  accomplished,  either  by  placing  the 
original  with  its  back  to  the  glass,  and  the  sensitive  paper  (which  should  be  very 

•  A  print,  thus  reversed  in  jHwitlon,  may  of  course  be  easily  read  by 
of  a  mirror.    Thto  is  oommonly  done  with  Patent  Oflee  diawiaga. 
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thio)  with  ita  back  to  the  Bunlight,  or  by  placing  the  printing  frame  in  the  bottom 
or  a  deep  and  narrow  box,  so  that  the  light  can  shine  directly  upon  the  frame 
only  wben  approximately  parallel  with  the  long  sides  of  the  box.  To  print 
rapidly,  the  sunlight  must  be  kept  full  uyion  the  frame  by  frequently  moving 
the  box. 

A.rC.  17.  (h)  The  print,  when  sufficlentlir  exposed,  is  taken  from  the  frame, 
and  both  its  face  and  back  are  wanlied  thoroaipbly  in  clean  water  uuiil 
the  cbaracteristie  blue  color  is  perfectly  developed. 

(I»)  The  washing  should  be  done  in  a  tray  with  a  flat  bottom  larger  than  the 
largest  print  to  be  washed,  and  care  should  be  taken  not  to  injure  the  surface 
of  the  prints  by  hard  rubbing  or  by  sharp  bending,  or  otherwise.  It  is  better 
to  have  a  circulation  of  water  in  the  tray,  not  only  to  keep  the  water  clean,  but 
also  to  bring  about  the  necessary  agitation  of  the  prints  without  handling  them. 

(«)  The  washing  may  be  hastened,  and  dark  or  *' over-exposed  "prints  nixy  be 
Ughteoed  somewhat,  by  having  the  water  warm,  say  at  9(P  or  100°  Fahrenheit. 

(d)  Orei^xpoaed  prints  may  also  be  lightened  by  inimerslng  them  in  water 
rendered  slightly  alkaline  by  animouia.  In  this  bath  they  at  once  assume  a 
purple  tint,  which  soon  becomes  weaker.  At  the  proper  moment,  which  must 
be  learned  by  experience,  the  alkaline  action  must  be  stopped  by  drawing  the 
print  rapidly  through  a  solution  of  1  part  of  hydrochloric  ("  muriatic  ")  acid 
(U.  CM  in  100  parts  of  water. 

(e)  Continue  washing  until  the  water  has  for  some  time  come  oflT  perfectly 
dear.     Then  hang  the  prints  up  smoothly  to  dry. 

Ar^  !&•  (a)  After  washing,  the  application  of  a  solution  of  from  1  to  5 
per  cent,  of  hydrochloric  acid,  or  of  oxalic  acid,  in  water,  intensifies  the  blue 
color,  and  is  therefore  useful  in  bringingout  pale  or  "under-exposed" prints; 
but  tke  prints  must  then  be  afterward  washea  again  in  pure  water.  Hydro- 
chloric acid  applied  btffore  washing,  or  to  imperfectly  washed  prints,  will  make 
the  Unst  show  blue. 

Arc  19.  (a)  To  enwe  a  (white)  line  on  a  blue-print,  go  over  the  line  with 
the  aensitidng  solution  applied  with  a  clean  brush  or  qitiil  pen.  This  should  be 
done  in  a  weak  light    Then  expose  the  entire  print  and  re-wash. 

(b)  "White  line*  are  added  to  blue  prints,  usually  in  Chinese  white; 
but  the  blue  color  mar  be  removed,  showing  the  white  pnper  beneath,  by  apply- 
ing a  saturated  solution  of  concentrated  lye  (caustic  soda  or  pot4i.<ih)  or  or  car- 
bonate of  soda*  or  carbonate  of  potash,  with  a  fine  clean  pen  nearly  dry.  If 
laid  on  too  freely,  it  spreads  rapidly.  Even  if  the  pen  is  perfectly  clean,  the  sur- 
face thus  produced  has  a  yellowish  cast  as  compared  with  the  white  of  the 
paper.  The  carbonate  solutions  act  more  slowly  than  the  Ive,  but  not  leas 
surely,  and  they  are  not  inlurious  to  the  skin,  whereas  the  lye  burns  badly. 
The  ordinary  lime-water  sold  by  druggists  makes  little  or  no  impression  upon 
the  blue  color.  If  r€»d,  Inatead  of  white,  lines  are  desired,  mix  with  the 
soda  or  potash  solution  ordinary  carmine  writing-ink,  in  such  quantity  (to  be 
ascertained  by  trial)  as  will  give  the  desired  color. 

Arc*  20.  (a)  Blue  prints  which  are  to  be  subjected  to  much  handling  should 
be  moanted  upon  cloth,  or  the  prints  may  be  made,  in  the  first  place,  upon 
•ensitixed  tracing  linen. 

Art.  21.  (a)  Proeeases  f^lTlnar  a  white  frronnd,  with  either  blue 
or  black  lines,  are  usnally  so  complicated  as  to  be  beyond  the  reach  of  most 
engineers.  Their  results,  also,  are  generally  uncertain,  even  when  applied  by 
ezperta:  the  background  often  lacking  in  whiteness. 

(b)  Vandyke  paoor  (Eugene  Dietagen  Co.,  Chlcsffo)  and  Madnro 
paper  give  excellent  dark  brown  lines  on  good,  smooth,  hard  paper.  The 
^NigroBine"  and  other  so^atlled  black-Hoe  prints,  furnished  by  dealers,  usually 
give  perishable  purple  lines  on  a  gray  and  somewhat  glossy  ground,  and  on  brittle, 
uuserTioeable  paper, 

(e)  The  LeClere  procem  fltmisheB  excellent  bla«k-line  prints. 
The  lines  are  perfectlr  black  and  iiermanent,  and  the  prints  are  made  on  good 
drawing  paper,  the  color  and  durability  of  which  are  not  alTected  by  the  process. 
It  also  mrnlshes  fine  blue-line  prints,  on  similar  paper. 

*  Either  carbonate  ("washing-soda")  or  bicarbonate  ("baking-soda**)  will 
answer. 
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MODEBN  EXPLOSIVES. 


the  place  of  gunpowder.  eoiMUt  of  a  powdered  subetaDoa  pvtly  aaturatcd 
with  nitroHglyoeriue,  a  fluid  produced  by  mixing  glycerine  witn  nitric  Mid  imU 
phuric  ad^. 


Art.  !•    Most  of  tlie  ezplost  Tea,  which,  of  late  yean,  hare  been  iak  i  ok 

"      •    e  of  gunpowder.  coiiBUt  ^' -" — -"  —•--' '" 

jro-fflTceriue.  a  fluid  t 

phuric  I 

Art.  S.  Pure  itltro-|rl7«erliie,  at  OO^  Fah,  has  a  sp  grav  of  l.fi.  It  is 
)dorless,  nearly  or  qu ite  colorleBS,  and  has  asweelish,  burning  taste.  It  is  poison- 
MM,  even  in  Tery  small  quantities.  Handling  it  is  apt  to  cause  headaches.  It  is 
(usoluble  in  water.  At  about  SOG^'Fah  it  takes  fire,  and,  if  unconfined,  bums 
Harmlessly,  unless  it  is  in  such  quantity  that  a  part  of  it,  before  cominw  in  con- 
*jKst  witli  air.  becomes  heated  to  the  exploding  point,  which  is  about  880^  Fah. 

N-Q,  and  the  powders  containing  it,  are  always  exploded  bjr  hicabs  cI 
sharp  percussion.  See  Arts  36,  Ac.  After  N-Q  is  maoe,  great  care  is  required  to 
wash  it  completely  from  the  mirpliu  acldo  remauiliic  in  It  from  the 
process  of  manufiustnre.  Their  presence,  either  in  the  liqiiMl  V-G,  or  in  the 
powders  containing  it,  renders  tne  N-Q  liable  to  spontaneous  decomposition, 
which,  by  raising  the  temperatnre^  increases  the  danger  of  explosion. 

Art.  S.  BT-O  fireeseo  at  about  tS^Fah.  It  is  then  Tery  dlAonlt  of 
explooion,  and  most  be  thawed  gradwUlf,  as  by  leaving  it  for  a  suiBd^-Di 
length  of  time  in  a  comfortably  warm  room,  or  by  placing  theTCsselconuiuInK  it 
In  a  second  vessel  containing  hot  water,  not  over  l(w°  Fab ;  bnt  never  by  exposing 
tt  to  intense  heat,  as  in  placing  it  before  a  fire,  or  setting  it  on  a  stove  or  boiler. 


Extra  strong  caps  are  made  for  exploding  K-Q  and  its  powders  when  fntcb. 
Art.  4.    f(-0,  owing  to  ite  incompressibillty,  is  liable  to  explttoi 
tluronffb  aeeMental  perewMion.    This,  and  ito  liabUitar  te  le«k< 


mge*  render  It  inconvenient  to  transport  and  handle.  Henoe  it  is  imrdy  used  in 
the  liquid  state  in  ordinary  quarrying  and  other  blasting.  In  the  oii  rarlous  of 
Penna,  it  is  largelv  used  in  oil  welia,  in  order  to  increase  the  flow.  For  ihw 
Aurpoee  it  is  oononed  in  cylindrical  tin  casings,  Ihm  1  to  5  inches  dlam,  called 
torpedo«bells.  These  are  suspended  from,  and  lowered  into  the  well  by  means 
>f,  a  cord  or  wire  wound  on  a  reel ;  and  are  destroyed  when  the  chaiige  is  ex- 
ploded. They  aro  about  1  inch  less  in  diam  than  the  well,  and  contain  usually 
from  one  to  twenty  quarts  »■  8  lbs,  j^oa  to  66  lbs.  6^oa  of  N-O.  They  are 
pointed  at  their  lower  ends,  in  order  to  facilitate  their  passage  through  the  oil  or 
water  which  may  be  in  the  well.  When  a  greater  charge  than  about  66^  lbs  is 
required,  two  or  mora  of  these  shells  are  placed  in  the  well,  one  on  top  of  another. 
the  conical  point  on  the  lower  end  of  each  one  fitting  into  the  top  of  the  one  next 
below.  In  this  case,  the  N-Q  is  fired  by  means  of  a  cap  or  series  of  capa  placed 
in  the  top  of  the  charge  before  it  is  lowered.  When  the  charge  is  in  i^aee,  the 
caps  are  exploded  by  electricity  led  to  them  by  conducting  wires,  as  in  Art  87,  or 
(as  in  the  method  more  commonly  practised)  by  letting  a  weight  fall  on  them. 

When  a  well  has  been  repeatedly  torpedoea,  and  a  cavity  has  thus  been  fonned 
In  it  so  large  that  the  space  surrounding  a  torpedo  would  interfere  too  greatly 
with  the  effect  of  the  explosion  of  the  K-G  on  tne  walls  of  the  well,  the  latter  is 
placed  directly  in  the  well,  by  lowering  a  tin  cylinder,  filled  with  It,  and  pro- 
vided with  an  automatic  arrangement  which  allows  the  H-Q  to  escape  when  at 
',he  bottom  of  the  well.  The  N-O  is  then  fired  by  a  torpedo  suspendea  on  a  line, 
ind  having  caps  placed  in  its  top.  These  caps  are  exploded  by  a  leaden  or  inHi 
freight  sliding  down  the  line,  or  br  electricity.  When  the  rock  is  seamy,  the 
^-6  is  confined  in  short  ^lindrical  tin  shells,  lowered  Into  the  cavity,  and  fired  by 
I  torpeda  It  is  also  used  for  increasing  the  flow  of  springs  of  iMtler.  It  of  con  rsr 
i»nnot  be  used  in  hor  or  apward  boles,  such  as  often  occur  in  tunnding.  Ac 
Art.  0.  N-G  explodes  so  suddenly  that  irery  little  tamplnir  Is  rr- 
qnlreil.  Moist  sand  or  earth,  or  even  water,  is  sufficient.  Tliis,  viUi  the  fact 
mat  N-G  is  unaffected  by  immersion  in  water,  and  is  heavier  than  water,  rei»d<rr 
it  particularly  suitable  for  svlKaqaeoas  work,  or  for  holes  conuining 
water,  provided  the  rock  has  no  seams  which  would  permit  the  K-G  toesrape. 
If  tbe  roek  Is  seamy,  the  N-G  must  be  confined  in  a  water-tight  casing. 
Such  casings,  however,  necessarily  leave  some  spaces  between  the  roek  and  tbe 
explosive,  and  these  diminish  considerably  the  etFwi  of  the  latter. 

Art.  6.    The  great  exploolTe  foree  of  N*e  Is  due  partly  to  the  verv 
large  volume  of  gas  into  which  a  small  quantity  of  it  is  converted  by  explosion,  aa^ 
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Eartly  to  the  rnddermen  with  which  this  conreraion  takes  place,  the  gases  being 
berated  almost  InstaDtaDeously*  while  with  gunpowder  their  liberation  requires 
n  longer  time.  The  suddenness  of  the  explosion  increases  its  efTect.  not  only  by 
Applying  all  of  its  force  practically  at  one  instant,  but  also  by  greatly  Jualxng  the 
gases  produced,  and  thus  still  further  increasing  their  vohane. 

Art.  7.  The  liquid  condition  of  N-0  is  useful  in  causing  it  to  All  the  drlll- 
liole  eompletely,  so  that  there  are  no  vacant  spaces  in  it  to  waste  the  force 
of  the  explosion.  On  the  other  hand,  the  liquid  form  is  a  disadvantage,  because, 
tvhen  thus  used  without  a  containing  vessel  in  seamy  rock,  portions  of  the  N-0  leak 
away  and  remain  unexploded  and  unsuspected,  and  may  cause  accidental  explosior 
at  a  future  time. 

Art.  S.  N •€(  in  iitored  In  tin  cans  or  earthenware  Jam.  If 
properly  washed  from  acid  it  does  not  injure  tin.  For  transportation,  these  cans  or 
Jars  are  packed  in  boxes  with  sawdust,  or  in  padded  boxes,  and  loaded  in  wagont. 
The  R  R  companies  do  not  receive  it. 

Art.  9.  When  N-0  and  its  compounds  are  oompMdjf  exploded,  the  maee 
irtwen  ont  are  not  troublesome,  but  those  resulting  fh>m  ineompUU  explosion 
euch  as  generally  takes  place,  or  fh>m  combustion,  are  very  offensiye. 

Art.  lO.  Tor  convenience,  we  apply  the  name  ^*  dynamite  *'  to  any  exple- 
tive which  contains  nitro-glyceiine  mixed  with  a  granular  absorbent;  **trae 
dsmantlte**  to  those  in  which  the  absorbent  of  the  N-O  is  *'Kieselgnhr,"t  or 
some  other  ineri  powder  which  takes  no  part  in  the  explosion;  and  ^* false 
dynamite  **  to  those  in  which  the  absorbent  itself  contains  explosive  substances 
other  than  N-0. 

Art.  11.  The  absorbent,  by  its  granular  and  compressible  condition, 
aeta  as  a  enshlon  to  the  BT-G.  and  protects  it  from  percussion,  and  trom. 
the  consequent  danger  of  accidental  explosion. 

N-6  undergoes  no  chango  in  composition  by  being  absorbed;  and  it  then  freezes, 
bams,  explodes,  Ac,  under  the  same  conditions  as  to  pressure,  temperatare,  Ac,  as 
whec  in  the  liquid  form.  The  cushioning  effect  of  the  abeorbent  merely  renders  it 
^s/re  difDcuIt  to  bring  about  snfDclent  percussive  pressure  to  cause  explosion.  The 
absorption  of  the  N-O  in  dyn  enables  the  latter  to  be  used  in  fior  holes,  or  in  holes 
drilled  upumrd. 

Art.  12.  N-G  and  dyn  explode  ntneh  more  readllv-  when  rlipldly 
eonflned,  as  by  a  metallie  vessel,  or  by  the  walls  of  a  hole  drilled  in  rock,  than 
when  confined  bj  a  yielding  ^nbstance,  as  wood.  Therefore  the  fact  that  dyn,  not 
being  liquid,  can  be  packed  in  wooden  boxes,  renders  it  safer  than  N-0  which  has  to 
be  kept  in  stone  or  metal  vessels. 

Art.  18.  Trne  dynamites  ntnst  contain  at  least  about  50  per 
cent  of  N-0.  Otherwise  the  latter  will  be  too  completely  cushioned  by  the  absorbent, 
and  the  powder  will  be  too  difficult  to  explode.  False  dynamites,  on  the  contrary, 
mar  contain  as  small  a  percentage  of  N-0  as  may  be  desired ;  some  containing  as 
little  as  16  percent.  The  added  explosive  substances  in  the  false  dynamites  generally 
eontain  large  quantitiee  of  oxygen,  which  are  liberated  upon  explosion,  and  aid  in 
effecting  the  complete  combustion  of  any  noxious  gases  arising  from  the  N-0. 

Art.  14.  Dynamites  which  eontain  lara^  pereentagTCS  of 
H-O  explode  (like  the  liquid  N-0.  Art  6)  with  great  suddenness,  tending  to  thatUr 
the  rock  in  their  vicinity  into  small  fragments.  They  are  roost  useful  in  very  hard 
rock.  In  such  rock,  If  o  1  dynamite,  or  that  containing  75  per  ceDt  of  N-0,  is 
roughly  estimated  to  have  abont  6  times  the  force  of  an  equal  wt 
ofjifonpowder. 

For  soft  or  decomposed  rocks,  sand,  and  earth,  the  lower  grades 
of  dynamite,  or  those  containing  a  smaller  percentage  of  N-0,  are  more  suitable. 
They  explode  with  less  suddenness,  and  their  tendency  is  rather  to  upheave  large 
masses  of  rock,  Ac,  than  to  splinter  small  masses  of  it.  They  thus  more  nearly  re- 
semble gunpowder  In  their  action. 

Judgment  must  be  exercised  as  to  the  i^rade  and  quantity  of  explosive 
to  be  used  in  any  given  case.  Where  it  fs  not  objectionable  to  break  the  rock  Ints 
small  pieces,  or  where  it  is  desired  to  do  so  for  convenience  of  removal,  the  higher, 
$hatJUring  grades  are  nseful.  Where  it  is  desired  to  get  the  rock  out  in  large  masses, 
as  in  quarrying,  the  lower  grades  are  preferable.  * 

For  very  difficult  work  in  hard  rock,  and  for  submarine  blasting,  the  highest 
grades,  containing  70  to  75  per  cent  of  N-0,  are  used.  A  small  charge  of  these  does 
the  same  execution  as  a  larger  charge  of  lower  grade,  and  of  course  does  not  require 

*8ach  sudden  liberation  of  gas  is  called  ^' detonation.** 

f  M—glgBhr  to  aa  Mithy,  slltotom  llnuMtoDe,  oompoMd  of  tbe  ftMill  remaiai  of  imall  aMIa 
■aeh  shell  acu  u  a  ndaats  rsseptaela  for  nitro-gijoerlu.  Kleaelgulir  la  found  In  Haoovsr,  Germany 
sad  in  Xaw  Jersey* 
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the  drilling  of  so  large  a  nole.    In  rabmarlDe  work  their  sharp  ezplosloa  is  mat 
deadened  by  the  water. 

Vor  general  railroad  frork,  ordinary  tunneling,  mining  of  ores,  Ac,  the  mver^ 
ng^  ffrade.  cuntaining  40  p«r  cent  of  N-G,  is  used ;  for  qnarrjrlng^*  35  per 
cent;  for  biasUngr  iitiiiiip(i«  trees,  piles,  Ac, SO  per  cent;  for  MS«d  »aa«| 
««rUl,  16  per  cent. 

Art.  15.  Dyuamiia,  like  M-G,  ean  be  readiljr  exploded  under 
water^  provided  it  is  so  immersed  as  not  to  be  scoitereef;  bnt  long^  exposure 
to  water  la  injarloiia  to  it.  In  the  higher  grades,  the  water,  by  its  great^rr 
affinity  for  the  absorbent,  drives  out  the  N-Q.  In  the  lower  grades  it  is  apt  to  wrasb 
away  the  salts  used  as  additional  explosives. 

Art,  16.  In  dyns  containing  a  large  percentage  of  N-O,  the  Utter  Is  llmlsle 
to  exude  in  liquid  form,  or  to  *'  leak,"  especially  in  warm  weather,  and  then  to 
explode  through  accidental  percussion.  The  same  danger  exists,  eveo  though  the 
percentage  of  N-G  be  small.  If  the  absorbent  has  but  small  absorbing  power,  and  it, 
consequently,  easily  saturated. 

Art.  17.  Trne  djm  resembles  moist  brown  sugar.  Ita  properties  mn 
generally  those  of  the  R-Q  contalDed  in  it.  Thus,  it  takes  fire  at  about  Si€9  h\  and 
bams  freely.  It  freeass  at  4A^  F,and  is  thsn  difficult  to  explode.  It  is  not  exploded 
by  friction,  or  by  ordinary  percussion,  but  requires,  for  general  purpoeea,  a  strong 
eap,  or  exploder,  containing  fulminating  powder,  see  Arts  36,  38,  Ac  It  may,  how- 
ever, be  exploded  by  a  priming  of  gunpowder,  tightly  tamped,  and  fired  by  an  ordi- 
nary safety-ftise. 

Art.  IS.  Tlie  eharce  should  1111  the  eroaa  aeetlon  or  the 
hole  as  completely  as  poaeible.  If  water  is  not  standing  in  the  hole,  the  cartridfire 
should  be  cut  open  before  insertion,  so  that  the  powder  may  escuie  ttom  it  and  fill  the 
hole;  or  tiie  powder  may  be  simply  emptied  from  the  cartridge  into  the  hole. 

Art.  19*  For  blaatlny  lee  in  place,  holes  are  cut  In  ft,  and  a  number  of  dja 
eartridges  (one  of  which  most  contain  an  exploding  cap)  are  tied  together  and  low- 
ered from  1  to  6  ft  into  the  water.  They  are  fired  as  socn  as  possible  after  Immer^ 
sion,  to  avoid  the  danger  of  freeslng.  £lectrical  exploders  (Aru  S7,  tc^  are  best 
for  sub-aqueous  work. 

Art.  SO.  Dyn  is  useful  for  breaklnff  up  pleeea  of  sietal,  such  as  old 
cannon,  condemned  machinery,  *' salamanders"  (massee  <tf  hardened  slag)  la  bla^t 
faruaoes,  Ac.  In  cannon,  the  dyn  is  of  oourM  exploded  in  the  bore.  In  other  pieces, 
small  holes  are  generally  drilled  to  receive  it;  but  plates, even  of  coosiderabla  thicks 
ness,  may  be  broken  by  merely  exploding  dyn  upon  their  surface. 

Art.  31.  For  blaatlnif  treea  or  atampa^  one  or  more  cartrldcea  are 
fired  in  a  hole  bored  in  the  Ijiink  or  roots,  or  under  the  latter.  This  sbattara  both 
trunk  and  roots.  A  tree  masr  be  felled  neatly  by  boring  a  number  of 
small  radial  holes  into  it,  at  equalshort  dists  in  a  hor  line  around  its  clrcumf,  and. 
by  means  of  an  electric  battery  (Arts  87,  Ac),  exploding  simultaneotisly  a  email 
charge  of  dyn  in  each.  Or  a  single  long  cartridge  may  be  tied  around  the  tronk  of 
a  small  tree,  and  fired. 

Art.  23.  Piles  may  be  bloated  in  the  same  way  as  trees ;  or  a  hola  sasf 
be  bored  for  the  cartridge  in  the  axis  of  the  pile;  or  tho  cartridge  may  be  simply 
tied  to  the  side  of  the  pile  at  any  desired  ht. 

Art.  28.  The  higher  grades  of  dyn,  like  N-G,  reouire  but  lltUo  teoia- 
Inv.  Uiie  a  «cwMf«n  taniplnv-bar.iieoer  a  metettife  one,  for  any  explosive.  If 
a  charge  of  dyn  *-  hanjM  iire^*  it  is  oangerons  to  attempt  to  remore  it.  Bemove 
the  tamping^  all  bnt  a  few  ins  in  depth,  on  top  of  which  Insert  another  cartridge, 
containing  an  exploder,  and  trr  again.  See  electrical  exploders^  Arts  87,  Ac.  Djo, 
like  N-O,  if  frosen,  must  bo  thawed  graduaUy,  by  leaving  it  In  a  warm  reom«  fsr 
IW>m  the  fire;  or  by  placing  it  in  a  metallic  vessel,  which  Is  then  placed  In  another 
fssiel  containing  hot  water.  The  water  should  not  be  hotter  than  caa  be  borue  l>y 
the  hand.  Otherwise  the  N-0  is  liable  to  separate  from  the  absorbent.  The  V-Q  In 
dyn  may  fireeae  without  cementing  together  the  particles  of  the  absorbent;  la 
which  case  the  powder  of  course  is  still  sdft  to  the  touch.  An  owerehnrse  erf 
N-O,  or  of  dyn,  is  liable  to  be  burned,  and  thus  wasted,  giving  off  offensive  gaees. 

Art.  24.  Dyn  la  sold  In  eyllndrleal,  paper^owered  earl- 
Vldg^es,  from  ^  to  2  ins  in  dlam,  and  6  to  8  ins  long,  or  longer.  They  ore  fof 
Dished  to  order  of  anyYeqnired  size,  and  are  packed  in  boxM  containing 25  lbs  or  4 
hs  each.    The  layers  of  cartridges  are  separatMi  by  sawdust. 

Art.  25.  Some  of  the  R  R  eompanles  decline  to  carry  dyn  or  N-Q  la  asr 
shape  Others  carry  dyn  under  certain  restrictions,  based  upon  Stats  laws:  pro- 
viding that  it  must  be  dry  {i  e,  that  no  N-0  shsU  be  exnding  from  it) ;  that  br>x<4 
and  oars  containing  It  shall  be  plainly  marked  with  some  oantionaiy  words,  aa  '^rx- 
ploslre,"  ** dangerous,**  Ac;  that  the  cartridges  shall  be  so  packed  In  the  boxes,  and 
the  boxes  so  loaded  in  the  oars,  thai  both  shall  He  upon  tnelr  ndet^  and  the  boxM 
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Ii»  In  no  danseror  fiJUng  to  the  floor;  that  o^m,  4to,  ahsU  not  be  loaded  in  the 
■■xne  oar  vitn  dyn,  Ao,  oc. 

JLrt,  9«.  A  vreai  nuiiijr  varlett€S  ofdju  »r«  made.  They  differ 
(senermUT  but  sughtljr).  in  the  compoeition  of  the  absorbent  and  in  the  method 
or  snanuiacture.  Each  maker  usually  miUKes  a  number  of  grades,  containing 
diflferent  percentages  of  N-G,  Ao,  and  gives  to  his  powders  some  fknciftil  name. 

Jkjwtm  87.  The  following  table  of  •xplofltweSy  made  by  the  Bepaano 
Gbeniieal  Go,  Wilmington,  Del,  and  known  aa  **  Atlas *»  powders,  gtves  the 
percentage  of  N-O  iu  each. 


Brand. 

Percentage 
of  N-G.r 

Brand. 

Percentage 
of  N-G. 

A 

76 

D+ 

88 

B+ 

eo 

B 

60 

E+ 

27 

c+ 

45 

E 

20 

c 

40 

Tlie  absorbents  contain  x  in  "  A"  brand,  18  per  oent  wood  pulp  and  7 
per  cent  carbonate  of  magnesia;  in  "  C  "  brand  (the  average  grade),  46  per  oent 
nitrate  of  soda  (soda  saltpetre),  11  per  cent  wood  pulp,  and  8  per  oent  carbonate 
of  magnesia;  in  *'  E  *'  brand,  62  per  cent  nitrate  of  soda,  16  per  oent  wood  pulp, 
Ac,  and  2  per  cent  carbonate  of  magnesia. 

Art.  88.  ^Miner's  Friend"  powder  contains  nitrate  of  soda,  wood 
pulp,  resin,  and  carbonate  of  magnesia.  It  freeeea  at  42^,  and  ia  then,  lilce  other 
dyn,  difficult  to  explode.  When  used  nnder  water,  the  cartridges  should  not  be 
broken,  because  the  powder  is  iojured  by  direct  contact  with  water.  Their 
**  SEecla**  powder  is  a  lower  grade.  It  is  in  granulated  form,  like  ordinary 
blasting  powder,  but  is  said  to  be  much  stronger.  It  is  intended  as  a  sabetitute 
for  it. 

Art.  29.  ^  Giant**  powder  is  dyn  proper,  containing  76  per  cent  N-O, 
and  25  per  cent  Kieselgahr  obtained  near  their  works  in  Kew  Jersey.  The 
lowest  ffrade,  branded  *'M."  contains  20  per  cent  N-6.  The  name  "giant 
powder  "  was  originally  applied  to  dynamite  in  general. 

Art.  SO.  Other  brands  are ««  Hercnles  **  powder  and  •«  Jndson  B  B  P 
powder,*'  a  substitute  for  ordinary  blasting  powder.    It  ia  put  up  in  water* 

Eroof  paper  bags,  of  6^,  12V^,  and  26  lbs  each,  and  these  are  packed  In  wooden 
oxea  holding  60  Bw  each.    ^*  Judson  F  F  F  dynamite  **  is  a  higher  grade^ 
in  cartridges  of  the  usual  shape,  packed  in  60-lb  boxes. 

Art.  81.  **Raekarock.**  cartridges  are  said  to  contain  no  N-Q,  and  to 
he  entirely  inexplosire  until  immersed,  for  a  few  seconds,  in  an  inexploelve 
liquid  furnished,  by  the  same  Co.  They  are  then  allowed  to  stand  for  16  mine, 
after  which  they  may  be  used  at  any  time.  They  are  fired  in  the  same  way  aa 
djn,  and  can  be  used  under  water.  The  mtn  claim  that  they  "approximate 
K«G  in  strength^  and  are  stronger  than  dyn.'* 

Art.  32.  The  following  exploslwes  are  made  and  osed  in 
Barope,  but  have  not  yet  been  regularly  imported  into  the  U.  8. 

Compressed  gnn-eotUuk^  is  cotton  dipped  in  a  mixture  of  nitric  and 
sulphuric  acids,  then  reduced  to  a  fine  pulp,  and  made  into  discs  1  to  2  ins  thick, 
and  ^  to  2  ins  diam,  or  larger.  It  is  generally  nsed  wet,  for  the  sake  of  greater 
safety.  It  then  requires  extra  strong  caps  or  primers.  Roughly  sneaking,  it  ia 
about  88  strong  as  dyn  Ko  1.  but  ia  less  thaOering  In  its  effect.  Being  lighter 
than  dyn,  it  requires  larger  noles;  and,  owing  to  Its  rigidity,  Is  less  easily  in* 
serted,  and  does  not  fit  the  hole  so  oompletelr.  When  dry,  it  is  very  Inflam* 
mable,  hot,  if  not  confined,  it  bums  harmlessly.  It  contains  no  liquid,  to  freeae 
or  to  exude;  and  is  safe  to  bandla 

Art.  83.  Tonlte  consists  of  finely  divided  gun-cotton  mixed  with  nitrate 
of  baryta.  It  is  compressed  into  candle«haped  cartridges  haTing,  at  one  end.  a 
recess  for  the  reception  of  an  exploder  containing  fulminate  of  mercury.  Tut 
cartridges  weigh  about  the  same  aa  dyn.    Thej  are  generaUj  made  wmterpioolL 
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Art.  M.    Foreite,  Idihofraetevr.  and  DnaUn  an  fordgB  ukw  d 

nltro-fflyoeriDe  ezplosWea.  In  Dualin  the  aiMorbeDt  is  sawdiuL  It  hn  grwtcf 
bnlk  tmui  dyn  for  a  aif«n  wt,  and  requires  lai^ger  holes. 

Art.  SO.  Exploatve  jreUstliie  Is  a  traoeparent,  pale  ycOov,  eb»Ue 
■ttbetanoe,  and  ia  oompoaed  or  90  per  cent  N-G  and  10  per  cent  fnm-eoUoD.  U  to 
lees  eeDsitlve  than  dyn  to  perenflBion,  fHction,  or  prenare,  and  la  not  aflectod  by 
water.  Its  specific  gravity  is  1.6.  It  burns  in  the  open  air.  For  oomp1«te 
detonation  a  special  primer  is  required.  The  addition  of  a  small  propoitlon  o( 
camphor  renders  it  still  less  sensitive,  and  increases  ita  explosive  forosii  Thi 
aampfaor  evsnorates  to  some  extent. 

In  some  experiments  on  the  power  of  differsnt  explosives  to  Increase  the  coot«Dli 
of  a  small  cavity  in  a  leaden  block,  explosive  gelatine  caosed  an  increase  M  per  cest 
greater  than  that  caused  by  dyn  No  1.  In  hard  rock  the  dlff  wonld  probably  ban 
been  greater.    The  increase  was  10  per  cent  lees  than  that  caused  by  N-O. 

Art.  86.  Tbe  cap  or  exploder,  used  with  ordinarr  safety  fuse  for  e» 
ploding  N-G  and  dyn,  is  a  hollow  copper  cvlinder,  about  y^  ludi  diam.  and  aa  lad 
or  two  in  length.  It  oonlalns  from  16  to  SO  per  cent,  or  more,  of  frilminate  of  ma 
cury,  mixed  with  other  ingrsdieBts  Into  a  cement,  which  Alls  the  closed  end  of  thi 
cap.  The  cap  is  called  **  single-lbroe,*'  <•  triple-force^**  *o^  aceordiBg  to  the  qasstily 
ef  explosive  it  contains. 

The  end  of  the  ftase,  cat  oflT  square,  is  Inserted  into  the  cpen  end  of  Uils  camfa 
enough  to  touch  the  fblminating  mixture  In  it.  In  doing  this,  care  nanst  be  takn 
Bot  to  roughly  scratch  the  latter.  The  neck  of  tiie  cap  is  then  pinched,  near  ife 
open  end,  so  ss  to  hold  the  ftiss  aeeurely.  Thacspi  with  the  tase  thus  attsebei's 
then  Inserted  into  the  charge  of  N<4  or  dwn,  ears  being  tsken  not  to  let  the  te* 
some  into  eontact  with  the  explosive^  vhioh  would  then  be  burned  and  wasted.  If 
a  dyn  cartridge  is  used,  the  fbse,  with  cap,  la  first  inserted  into  it.  The  neck  of  tie 
cartridge  is  then  tied  around  the  fuse  with  a  string,  and  the  cartridge  is  then  nsd; 
to  be  placed  In  the  hole  and  fired. 

Art.  S7.  Tbe  fUeinenB  mngrneCo-eleetrie  blastlitgr  &PP» 
rata**  now  In  general  use,  consists  of  a  wooden  box  about  as  large  as  a  tnuisi 
box.  Outside  it  lias  two  metallic  bindingupcate  wftb  screws,  fbr  attaching  tbe  t«c 
wires  leading  to  the  exploder.  From  the  top  of  the  box  proiects  n.  handle  nt  tbi 
and  of  a  vert  bar.  This  bar,  which  is  about  aa  long  as  the  box  Is  high,  tt  made  a 
M  to  slide  np  and  down  in  It,  and  Is  toothed,  and  gears  with  a  small  pinion  ic^ide 
the  box.  When  a  blast  is  to  be  fired,  tlie  bar  Is  drawn  up,  by  means  of  the  basiiit 
as  far  as  It  will  come.  It  Is  then  pressed  quickly  down  to  tbe  bottom  of  tbe  box 
In  its  descent  it  puts  into  operation,  by  means  of  tbe  pinion,  a  maneto-electrie 
machine  inside  the  box.  Thia  generatea  a  ouirent  of  electricity,  which  incresM  k 
fvroe  with  the  downward  motion  of  the  bar.  hut  which  Is  eonllned  to  a  abort  ciic^ii 
of  wire tsOMn  (As  fron, until  thelbot  of  the  iMir  strikes  a  spring  nesr  tbe  hottooirf 
ttie  beat,  breaking  the  short  cirenit  and  Ibretng  the  electricity  to  travel  through  tk 
two  longer  **  leading  wires,**  which  lead  It  fh>m  the  two  binding-posts  on  the  ootadi 
ef  the  box  to  the  cap  or  exploder  placed  In  the  charge. 

Art,  S8.  Tbe  cap  used  with  this  machine  to  similar  to  that  used  with  lafelT 
ftase  (Art  86), except  that  its  mouth  is  closed  with  a  cork  of  sulphur  cement,  thnnq:^ 
whicn  psss  the  two  wiree  leading  from  the  electric  machine.  Tlie  ends  of  tbo<f 
wires  prqieet  into  the  fulminating  mixture  in  the  cap.  They  are  i^  inch  apart,  l«t 
»re  connected  by  a  platinum  wire,  which  to  so  fine  as  to  be  heated  to  redness  bj  tlf 
current  from  the  battery.  Ita  heat  ignltse  the  fulminate  and  thus  explodee  thecu 

Art.  S9.  Wbere  a  nvaaber  of  holes  are  to  be  flre4  fliaiat 
taneooaly  (thus  increasing  their  eifect),  each  hole  has  a  platinum  cap  ivMiifi 
Into  its  charge,  and  one  of  the  short  wires  attached  to  each  cap  Is  Joined  to  ont^f. 
those  of  the  next  cap,  so  that  at  each  end  of  the  series  of  cape  there  is  one  free  ai 
of  a  short  wire.  Bach  of  these  two  ends  is  bstened  to  the  end  iti  one  of  the  leadiii 
wires,  placing  the  whole  series  **in  one  circuit.**  Where  the  holes  are  too  farapttt 
for  the  cape  to  be  thus  |oined  by  the  short  wires  attached  to  them,  the  ends  cf  th 
latter  are  conneoted  by  cotton-covered  ^eonoectliis  wires."* 
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K  The  magneto^lectrical  machine  weighs  about  16  flbs.  Itc«B 
4re  atNHit  12  caps  at  oDoe. 

Caps  for  ordinary  fuse  and  for  electrical  firing,  ftises,  wires,  electrical  machines, 
Ac,  are  sold  by  most  of  the  makers  of,  and  dealers  in,  explosiTcs,  rock-drilling 
macliincs,  Ac. 

Jk.rt»  41.  Simultiineoiis  firing  of  a  number  of  holes  can  be  conreniently 
aocomplished  only  by  electricity.  Electric  blasting  apparatus  Is  specially  useful 
for  blasting  under  water,  where  ordinary  fuses  are  apt,  especially  at  great  depths, 
to  become  saturated  and  useless. 

ir  an  electrical  machine  fails  to  fire  a  charge,  It  Is  known  that  the  charge 
eannot  explode  until  the  attempt  is  repeated.  Therefore  no  time  need  be  lost, 
■ad  no  risks  run,  on  account  of  **  hanging  fire." 

eiJifpowBEii. 

"The  ezplofliwe  foree  of  powder  is  about  40000  lbs,  or  18  tons,  per  sqnan 
iocfa.  Its  welffht  averages  about  the  same  as  that  of  water,  or  62^  B>s  ner 
subic  foot :  hence,  1  lb  =  about  28  cubic  Inches.  In  ordinary  quarrying,  a  cuoic 
yard  of  solid  rock  in  place,  cor  about  1.9  cubic  yards  piled  up  after  being  quar- 
ried,) reaulres  from  ^  to  ^  lb.  In  very  refractory  rock,  lying  badly  for  quarry- 
ing, a  solid  yard  may  require  from  1  to  2  lbs.  In  some  of  the  most  snooessfm 
ip-eat  blasts  ft>r  stone  for  the  Holyhead  Breakwater,  Wales  (where  asrenl 
thousands  of  lbs  of  powder  were  usually  exploded  by  electricity  at  a  single 
blast,)  from  2  to  4  cubic  yards  solid  were  looxened  per  lb ;  but  In  msny  Instances 
Dot  more  than  1  to  lU  yards.  Tunnels  and  shafts  require  2  to  6  lbs  per  solid 
yard ;  usnally  3  to  6  ros.  Soft,  partially  decomposed  rock  frequently  requires 
more  than  harder  ones.    Usually  sold  in  kegs  of  25  B>s. 


Weight  •fpowd«r  te  one  foot  deptli  of  hole. 

IMaunetor  of  hole 

IW^alffht  of  powder 
awolrdupola 

lin 
01b  60S 

l^ins 
01b  8oE 

01b  llos 

Sins 
lIb4oz 

ajilns 
21b 

Sins 
2lbl8os 

Diameter  of  hole 

UTetsht  of  Powder 
awoirdupola 

3Hin 
31bl4os 

4  Ins 
61b  Ooi 

4Hlns 
<Hb6oB 

6  Ins       5^  Ids 
71bl4os    I»b8os 

6  ins 
lllb6of 
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PRICE  LIST. 


For  a  work  of  this  kind,  any  attempt  to  present  a  list  of  exact  or  ervn  of 
closely  approximate  prices  would  be  useless.  We  aim  merely  to  give  iadiea- 
tions  of  the  average  costs  or  of  the  ranses  of  cost.  In  general,  the  figureB 
given  represent  normal  prices  obtaining  before  the  European  war,  and  not  the 
speculative  and  transient  prices  which,  in  some  cases,  have  since  prevailed. 

Abbreviated  Outline  of  ClaasiUcatlOB. 

(See  also  Index  of  book.) 
For  principle  of  classification,  see  Bibliography,  p.  1429. 

1.0  Materials  and  Elementary  Shapes. 

1.1  Chemicals,  etc.    1.13,  Preservatives;  Paints,  Impregnatinc  ote.     1.14. 

Explosives. 

1.2  Wood,  Lumber,  Poles,  Posts,  and  Piles. 

1.3  Stone,   Concrete,    Asphalt,   etc.     1.34.   Cement.     1.35.   Brick,   Tile. 

Glass,  etc. 

1.4  Iron  and  Steel.     1.45,  Nails,  Rivets,  Screws,  Bolts,  etc.,  Chaina.    1.46. 

Tubes.     1.47,  Wire.  etc. 

1.5  Other  Metals  and  Alloys. 

1.6  Paper.     1.7,  Ropes,  etc.     1.8,  Packings,  Gaskets,  Belting.  Laggiiig, 

etc. 

2.0  Constructions. 

2.1  Earthwork.     2.12,  Dredging.     2.13,  Foundations. 

2.2  Masonry.     2.21.  Brick.     2.22.  Stone.     2.23.  Concrete. 

2.3  Metal    Structures.     2.33.   Tanks,    Stacks,  etc.     2.34.  Boilen.     3.S6. 

Fireproofing.  Concrete  Metal  Construction. 

2.4  Paving.     2.5,  Sewers. 

3.0  Machinery. 

3.1  Electrical  Machinery. 

3.2  TooU. 

3.3  Engines. 

3.4  Blowing  and   Pumping  Bfachinery.     3.45,  Hydrau/io  Rams.     S.4tt. 

Pumps. 

3.5  Hoisting  and  Conveying  Machineiv. 

3.6  Excavators,  Dredges.  Machiner>'^  for  Road  and  General  Construction. 

3.65,  Diving  Apparatus.     3.67.  Wells  and  Weil  Driving  Maehioery. 
4.0  Engineering,  Surveying,  and  Scientific  Instruments  and  Supplies.     4.2. 
Surveying  Instruments.     4.3.  Computing  Instruments.     4.4.  Draw- 
ing Insts  and  Materials.     4.5,  Heliography. 

9.0  Miscellaneous  Supplies  (Arranged  according  to  class  of  work). 

9.1  Railroad  Supplies. 

9.2  Hydraulic   Supplies.     9.24.   Water   Meters.     9.25.    Pipe   and  Hose. 

9.26.  Hydrants  and  Valves. 

PRICE  OST. 

0  Materials  and  Elementary  Shape*. 

1  Chemicals,  etc. 

13  Preservatives. 

,131  Coatings,  Paints. 

Paints,  in  oil.  SI  to  SI. 50  per  gal. 
In  cts  per  lb : 
Lead:    White,  foreign,  8  to  10;  American,  7.    Red.  foreign.  8;  AsBsri- 

can,  6. 
Zinc:    American,  5;  Paris,  9  to  10:  Antwerp,  7  to  8. 
Lampblack,  12  to  14. 
Blue,  Chinese,  40;   Prussian,  35;   ultramarine.  15.   Brown.  Vandyke^ 

10  to  13.     Green,  chrome,   10  to  12.     Sienna,  burnt  and  raw,  10 

to  13.     Umber,  burnt  and  raw,  10  to  12. 
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2.267,900  TRTOENTS  In  Daily  Use 

"A  Water  Meter  for  Every  Service" 

The  demand  for  the  Trident  Meter  with  the  new 
oil-enclosed  gear  train  has  already  been  tremendous 

Write  us  about  your  Meter  Problems 

Neptune  Meter  Company 

50  East  42d  Street,  New  York 

Boston.  Chicago,  San  Francisco.  Atlanta, 
Los  Angeles.  Seattle,  Portland,  Cincinnati 

"The  Largesi  Water  Meter  Manufacturer  in  the  World" 
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1.131  Coatlnsst  Paints. 

(Continued  from  p  1400) 
Metal  coatings,  $1.50  to  S2.50  per  gal.  . 
Preservatives,  fillers,  oils.  etc..  25  to  50  cts  per  eal. 
Graphite  pipe-joint  compound,  13  to  20  cts  per  lb. 
Linseed  ou,  40  to  60  ct«  per  gal.     Turpentine,  50  to  60  cts  per  gaL 
Plain  varnish.  50  to  70  cts  per  gal.     Unseed  varnishes,  SI  per  gu. 

1.132  Creosoting,  ImpreKnating,  etc. 

Creo-resinate  and  creosote  process,  13  to  19  cta'per  cu  ft. 

Creosoting.  20  to  35  cts  per  cu  ft  of  material  treated,  depending  chiefly  on 

degree  of  saturation,  and  exclusive  of  cost  of  timber;  —  $16  to  S30  per 

1000  ft  B  M. 
Kyanising  (mercury  bichloride  process),  8  to  91  cts  per  cu  ft. 
Barschall  or  Hasselmann  process,  8  cts  per  cu  ft. 
Wellhouse  (sino-tannin  process),  12  to  19  cts  per  tie. 
Bumettizing  (sine  chloride  process),  8  to  18  cts  per  tie. 
The  treatment  of  ties  is  usually  cheaper  per  cu  ft  than  that  of  larger  lumber. 
Carbolineum,  50  to  80  cts  per  gal.     Woodiline  or  spirittine,  25  eta  per 


gal.     Creosote  oil,  1  to  li  cts  per  lb. 


C-A  Wood  Preserver,  60  eta  per  gal.,  F.O.B.i Now. York. 

1.14  Explosives. 

Gunpowder,  16  to  18  cts  per  lb. 

Smokeless  powder,  60  cts  per  lb. 

Rackarock,  18  to  25  cts  per  lb. 

Djmamite,  10  to  21  cts  per  lb  for  different  grades,  varying  between  20% 

and  75%  nitroglycerine. 
Blasting  caps,  $5  to  $7  per  M. 
Blasting  machinery,  see  3.231. 
Drills,  see  3.23. 

1.2  Wood,  Lumber,  Timber. 

Lumber,  in  dollars  per  1000  ft  board  measure  (B  M) : 

Yellow  pine,  boards,  17.50  to  21.50;    timbers,  25;    A  Edge  grain  floor- 
ing,  36.75. 

Black  Walnut.  115.     Yellow  Poplar.  62.     White  Ash.  60. 

White  Oak,  82.     Hemlock,  boards,  22. 

Spruce,  38  to  41.     Chestnut.  52.     White  Cedar  (tank  plank).  37.60. 
Shingles,  caress,  per  1000.  8  to  11. 
Studding,  joists,  rafters,  etc..  hemlock,  15  to  18. 
Clearing  and  grubbing,  see  2.11. 
Wood  pipe,  see  9.254.    Ties,  9.14.     Piles,  1.23. 

1.23  Poles,  Posts,  Piles. 

Piles,  15  to  25  cts  per  linear  ft  of  pile. 

Piling,  round  or  sheet,  30  to  50  cts  per  linear  ft  of  pile. 

1.3  Stone,  Concrete,  Asphalt,'etc. 

Earthwork,  dredging,  foundations,  see  2.1. 

1.32  Stone. 

Sand  and  gravel,  20  to  50  cU  per  cu  yd  on  can  or  oarts  at  bank,  8nb> 

ject  to  wide  variation  in  special  cases. 
Broken  stone,  75  cts  to  $2  per  cu  yd. 
Rip-rap,  $1  to  $3  per  cu  yd. 
Trap  rock,  70  cts  per  ton  of  2000  lbs. 
Ordinary  building  stones,  $1  to  $5  per  ou  yd. 
Granite,  $15  to  $45  per  cu  yd. 
Slate  roofing,  12  to  25  cts  per  sq  ft. 

1.33  Aspbalt. 

$25  to  $35  per  ton. 
Paving,  see  2.4. 
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AS  NON' FREEZING 


tuilf  not  ^reese— 
eiifninaiej 
thawing  and 
headaches 

This  new  explosive, 
the  result  of  years  of 
experimental  labora- 
tory work,  Is  offered 
to  the  trade  only  after 
exhaustive  field  tests 
have  proved  its  super- 
iority. 


Does  not  give  off 

objectionable 

fumes 

Will  not  explode 
prematurely 

EFFICIENT 


^ 
^ 


*^3 


The  coldest  temperatures  known  to  man  cannot  affect  this  new  non- 
freezing  explosive.  It  always — in  Midwinter  as  well  as  in  Summer — 
retains  all  the  high  qualities  which  insure  maximum  blasting  results. 

Made  in  five  grades.     Furnished  in  standard  size  cartridges. 

ATLAS  POWDER  COMPANY 

Wilmington  -  Delaware 

Branch  OMces — Allentown,  Pa.;  Birmingham,  Ala.;  Boston;  Chicago; 
Des  Moines,  la.;  Houghton,  Mich.;  Toplin,  Mo.;  Kansas  City;  Knoxville; 
McAlester,  Okla.;  New  Orleans;  New  York;  Philadelphia;  Pittsburg. 
Kans.;  Pittsburgh,  Pa.;  Pottsville,  Pa.;  St.  Louis;  Wilkes-Barrc. 
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1.34  Cement. 

Portland  (artificial)  oements,  per  bbl  of  about  400  Ibe  gross:  Genooan, 
$2.25  to  S3.00;  American.  $1.10  to  $1.60. 

Roeendale  (natural)  cements,  per  bbl  of  about  300  lbs  net :  From  Rosen- 
dale  Township  and  vicinity,  Ulster  0>.,  N.  Y..  85  cts  to  Sl.CX);  other 
Rosendales.  70  to  85  cts. 

About  SI  to  $2  worth  of  cement  mortar  required  per  ou  yd  of  masonry  in 
buildings,  SI  .50  to  S3  per  1000  bricks. 

Lime,  60  to  90  cts  per  bbl  of  about  250  lbs. 

About  60  cts  worth  required  per  cu  yd  of  masonry  in  buildings.  $1  to  SI .50 
per  1000  bricks. 

Plaster,  $1 .50  to  $2  per  bbl  of  varying  weight. 

Ooncrete  construction,  see  2.35. 

1U)5  Brick,  Tile,  Glass,  etc. 

Sewer  pipe,  see  0.255. 

1.351  Brick. 

Paving,  see  2.4. 

Building  bricks,  per  1000:  Salmon.  S5  to  $7;  hard,  S7  to  SO;  stretchers, 

SO  to  S14;  pressed,  S18  to  $35;  colored.  $20  to  $30;  iron  spots.  $30; 

Pompeiian,  $35. 
Fire-brick,  $25  to  $35  per  M.     Vitrified  paving  brick.  $15  to  $25  per  M. 
Sewer  pipe,  see  9.255.     Paving,  2.4. 

1.352  TlUnff. 

Floors  and  walls,  35  and  40  cts  per  sg  ft  and  upward. 

Tile,  0.13  to  0.8  ct  per  cu  in  of  material. 

Roofing  tile,  $6  to  $30  or  more  per  square.     1  square  *>  100  sq  ft. 

1.353  Glass. 

American  window.     Dollars  per  box  of  about  50  sq  ft.     Discount,  80%  to 

85%. 

"United  inches"    25  50  80           100 

Single  AA    32  38  49 

Double  AA    43  56  68             88 

Single  A 27  32  45 

Double  A 38  50  62             80 

Single  B 26  30  39 

Double  B 36  46  56             76 

Or,  say,  single  thick,  ^  to  i  ct  per  united  in:  double  thick,  i  to  i  ct  per 
united  in:  where  the  number  of  united  ins  equals  the  sum  of  the  two 
dimensions.     Thus,  a  sheet  of  glass  24  X  36  contains  60  united  ins. 

Wire  Glass,  about  25  cts  per  sq  ft. 

1.4  Iron  and  Steel. 

Scrap  iron  and  steel,  $12  to  $19  per  ton  of  2240  lbs. 

1.41  Cast  Iron  and  Steel. 

Cast-iron  pipe,  see  9.251. 

Pig  iron,  per  ton  of  2240  lbs:  Foundry,  $16  to  $17;  Beawmw,  $16; 
gray  forge,  $15;  Lake  Superior  charcoal,  $20. 

^•42  Forged  Iron  and  Steel. 
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CEMEN^T,  GLASS,  IRON  AND  STEEL  1  iOt' 

MORRIS,  WHEELER  &  CO. 

{Etablhhmd  1828) 
INVITE  TOUR  INSPECTION  OF  THEIR 

Modern  Iron  and  Steel  Warehouse 

30th  and  Locust  Streets 
PhUadelphia 


Large  and  Well  Assorted  Stock  of  All 
Iron  and  Steel  Rolled  Products 


NEW  YORK  OFFICE:   39  Cortlandt  St. 


1.43  Rolled  and  Structural  Iron  and  Steel. 


Iron  and  steel,  ct8  per  lb : 

Refined  iron  bars  and  steel  bars,  ordinary  aises. 

Angles,  ordinary  Hixes,  T  shapes. 

Beams  and  channels,  structural  shapes. 

Tank  plates,  .structural  plates. 

Bessemer  machinery  steel. 
Steel  rails.  $28  per  ton  of  2240  lbs.     Old.  $15. 


C  Uto2. 


THE  BURDEN  IRON  COMPANY 

TROY,  NEW  YORK 

HoM  had  a  Ceniurys  Experience  in  making  High  Grade  Puddle  Iron 

PRODUCTS 

MERCHANT  BAR  IRON 

Braru/«~"BURD£N  BEST"  anJ  "H  B  &  S" 

STAYBOLT  IRON         ENGINE  BOLT  IRON 

ALSO  IRON  RIVETS  AND  HOLLOW  DRILLED  STAYBOLTS 

All  Made  from  Puddle  Iron    —    No  Scrap  Used 

1.431  Sheet   and   Plate   Iron  &  Steel    (sec   p.    1406) 
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1406  PKICE  LIST. 

1.481  Sheet  and  Plate  Iron  and  SteeL 

Galvanised  iron  sheets: 
Discount,  60%  to  80%. 

Gage.  14  to  17         22         25         28         29         30 

Cts  per  lb,  12  to  13  14  16         17  19         21 

Extra,  for  additional  widths,  36  to  48  in,  1  to  4  cts  per  lb. 
Black  iron,  ga^e  16,  3  cts  per  lb ;  gage  28,  about  4  cts. 

1.45  Fastenings. 

1.451  Nails  and  Spikes. 

Nails,  etc.,  cts  per  lb :  Cut,  2  to  2i ;  wire,  2. 
Spikes,  railway.  If  to  2  cts  per  lb. 

1.452  Rivets. 

%  inch  and  %e  inch,  3^  cts  per  lb.    %  inch  and  larger,  2^  ots  per  lb. 

1.454  Bolts  and  Nuts. 

Bolts  and  nuts  for  machines,  price  per  100,  square  or  butt<Mi  heads.  Length 
under  head,  2  ins.     Discount,  60%  to  76%.     See  list,  p.  1166. 

Diameter,   ins i  i  I  1 

Price  per  hundred $1 .78  $3.86  S7.70  $16.00 

Extra  per  in  over  2  ins. .  0.16  0.52  1.00  1.80 

1.455  Turnbuckies. 

Open,  price  each.     Discount,  67%.  With  upset  ends,  30%  extra. 

Rod,  ins i                 1                2 

With  ends $0.80          $1.60         $6.35 

Without  ends 0.60            1.10           3.10 

1.457  Chains. 

American  coil  chain : 

Inch A  i  ♦  ♦  *toli 

Cts  per  lb 8  6  4  3.6  3.25 

1.46  Tubes. 

See  9.25,  etc. 

1.47  Wire,  Wire  Rope,  and  Fencing. 

Hoisting  and  conveying  machinery,  see  3.6.  ete. 

1.471  Wire. 

Cts  per  lb:  «,.  ^        « 

Iron.  Tinnbd.    Cast  Stkbi.. 

Nos.  0  to  9 2.6  3.7  8.0 

No.   18    4.0  4.6  13.0 

1.472  Wire  Fencing. 

For  the  simpler  patterns,  30  cts  to  $1  per  rod  (16i  ft),  aeoording  to  style 
and  finish. 
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Marion  Bar  Splicers 

Reinforcing  Couplings  as  Strong 
as  the  Continuous  Bar 

Save  Steel.    Give  Continuous  Reinforcement 


HEXAGON  COUPLINGS 

for  round  bars  save  time;  save  steel; 
unequaled  for  strength  and  rigidity. 
Sizes:  ^;  ^;  ^;  %;  1";  1J4;  lj4. 

For  Form  Work  by  using  Hexagon  Couplings,  Stud 
Bolts  may  be  removed  leaving  no  steel  or  wires  pro- 
truding. Give  unequaled  finish.  Insure  strength  and 
alignment  of  form  at  low  cost. 


pv 


SURE  GRIP  CLIPS 

for  square  or  twisted  bars  are  unequaled  for 

strength  or  holding  power. 

Malleable  iron   base,   steel   U   Bolts,   cold 

rolled  threads. 

Sizes:  A;  H;  yi\  'A'.  H)  H)  Vb;  1"; 

Write  for  prices  and  data. 


Certified  Malleable  Iron  Castings 
of  Every  Description 


The  Marion  Malleable  Iron  Works 

Marion,  Indiana 
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Roebling 

WIRE  ROPE  and  WIRE 


HOOKS  SOCKETS  CLIPS  SHEAVES 

WELDING   WIRE  WIRE  ROPF.  SLINGS 

ELECTRICAL  WIRES     STRAND     TELEPHONE  WIRE 

John  A.  Roebling^s  Sons  G).     Trenton,  N.J. 


1.473 


Wire  Rope. 


Bee  paces  1387.  1388.  Disoouot,  bright,  35%  to  50% ;  jmlvaniaed.  255r 
to  45%.  A.  Lescheo  A  Sods  Rope  Co..  St.  Louis.  Mo..  "  Hercules  "  rope 
and  all  qualities  flattened  strand  rope,  40%  and  2i%. 


1.5 


Other  Metals  and  Alloys. 


Roll  and  sheet  brass,  random  lengths.     Discount,  20%  to  30%. 

Width  in  ins 2  to  18     18  to  24     24  to  32     32  to  40 

Cts  per  lb 22  to  30     29  to  39     36  to  49     50  to  75 

Extra  quality.  4  to  7  cts  per  lb  extra.     Bronse  metal,  7  cts  per  lb  extra. 

Soft  sheet  copper,  20  to  23  cts  per  lb  net  for  16  oss  to  the  sq  ft  in  thickness, 
base  sises. 

Lead,  pig,  4.3  to  4.4  cts  per  lb ;  sheet,  6  cts.  Sheet  sine.  6  to  7  cts  per  lb. 
Spelter,  3.76  to  4  cts  per  lb.  Antimony,  9  to  11  cts  per  lb.  Nickel.  65 
to  60  cts  per  lb.     Mercury,  about  $1 .50  per  lb  in  large  lots. 

Tin  plates,  per  box  of  112  lbs: 

American  charcoal  plates,  $6  to  $8. 

American  coke  plates.  Bessemer,  $5  to  S7. 

American  teme  plates,  per  box  of  224  lbs,  $10  to  $12. 

Galvanizing,  from  1  to  2  cts  per  lb.     Special  castings  as  high  as  5  eta 


1.6  Paper. 

Tar,  2  cts  per  lb,  50  to  70  cts  per  roll  of  108  sq  ft. 
Tarred  felt,  2i  cts  per  lb.     Straw  paper.  If  cts  per  lb. 
Rosin  sised  sheathing,  30  to  60  cts  per  roll  of  600  sq  ft, 
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LESCHEN  WIRE  ROPE 

— For  Dependability 

All  Leschen  steel  wire  rope  is  made  of  acid 
open  hearth  steel  wire,  and  every  wire  is  rigidly 
tested  to  make  sure  that  it  fully  raeets  our  exacting 
requirements  for  the  particular  grade  of  rope  to  be 
made.  Any  wire  lacking  in  any  necessary  property 
is  promptly  rejected. 

In  order  to  meet  correctly  all  working  conditions, 
Leschen  Wire  Rope  is  made  in  a  wide  range  of 
constructions.  Our  Engineering  Department  is 
always  ready  to  help  wire  rope  users  solve  their 
problems.  Tell  us  how  you  use  wire  rope  and  we 
shall  be  glad  to  suggest  the  right  rope  for  best 
results. 

Manufacturers  of 

"HERCULES"   (Red-Strand)  WIRE  ROPE 

**Sp€cid  Steel"  Plow  StccJ  Cast  Steel 

Elevator  Cables  Galvanized  Rope« 

Patetit  Flattened  Strand  Constructioiu 
Round   Strand   Constructioiis 

Established  1S?7 

A.  LESCHEN  &  SONS  ROPE  COMPANY 

5909  Kenn«rLy  Av«nue 

ST.  LOUIS,  MO. 

New  York  Chicago  Denver  Sao  I^ancisco 
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1.7  Ropes,  etc. 

Rope,  ets  per  lb:  Manila,  plain  ox  tarred,  12^  to  13^;  Siaal,  0  to  10;  haF. 

9  to  10;  cotton.  9  to  14;  jute.  6  to  7. 
Twine,  7  to  10.     Oakum,  best,  6  to  7. 

1.8  Packing,  Gaaket,  Belting*  Lagging*  etc. 

Belting,  rubber,  cts  per  in  of  width,  per  ft  of  length:  2-pl3r,  7.6;  S-ply 
9.0;  4-ply,  10.7;  6-ply,  13.6;  6-ply,  16.0;  8-ply,  21. 
Leather  (single): 

Width,  ins  ...      1  6  12  24  72 

Per  ft   S0.24  $1.44  $2.88  $5.76  $17.38 

Pipe  jointing  supplies,  see  3.26. 

3.0  Constructions. 

Water-works  supplies,  see  9.2.     Railroad  supplies,  9.1. 

3.1  Earthwork,  Dredging,  Foundations. 

3.11  Excayatlon  and  Embankment. 

See  also  pp.  1024,  etc. 

Clearing  and  grubbing,  $60  to  $260  per  acre. 

Earth  excavation,  20  cts  to  $1  per  cu  yd.     In  trenches.  $1  to  $6,  acoording 

to  depth. 
Pipe  trenching,  see  also  pp.  658.  659. 

Embankment,  60  ota  to  $1.60  per  ou  yd.     Rolled,  $1  to  $2. 
Cut  and  fill,  10  to  26  cts  per  ou  yd. 
Sodding,  20  to  40  ets  per  sq  ycf. 
Rock  excavation,  in  large  masses,  $1 .60  to  $2.50  per  eu  yd;  lo  Hnall  or 

difficult  places,  as  trenches,  $2.60  to  $6  or  $6. 
Rook  filling,  $1  per  ou  yd,  and  up,  as  high  as  $4  on  long  hauls,  etc 

3.13  Dredging. 

10  cts  to  $1  per  cu  yd,  acoording  to  length  of  haul,  etc. 
See  also  pp.  680. 

3.13  Foundations. 

Piles,  see  1.23. 

3.3  Masonry. 

3.31  Brick  Masonry. 

$16  to  $26  per  cu  yd.     $6  to  $10  per  1000  +  eoet  of  bricks. 
Bricks,  see  1.361. 

3.33  Stone  Masonry. 

Dollars  per  cu  yd :  Rubble,  dry,  2  to  5;  in  cement,  8  to  6. 
Ashlar,  7  to  30.     Granite  coping,  30  to  45. 
Plain  cellar  work,  3  to  4. 
Stone,  see  1.32. 

1.33  Concrete  and  Cement  Masoaiy. 

In  place,  $6  to  $10  per  cu  yd. 

Cement,  see  1.34.     Floors  and  sidewalks,  2.4. 


H 
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HAVEMEYER  STEEL  BARS 

.  AND  BUILDING  PRODUCTS 


ROUNDS-"Every  PoudcI  PuU*" 


SQUARES-'Every  Pound  PuUt" 


HAVEMEYER  BARS— the  standard  section  for  re- 
inforcing concrete,  are  rolled  only  from  highest  grade  new 
billet  steel,  any  desired  standard  specification.  By  using 
Havemeyer  Bars  the  engineer  is  assured  of  superior  steel. 

Havemeyer    Bars    are 
Standard  Sizes  carried  in  stock  in  princi- 

pal cities,  so  as  to  render 
the  best  possible  service 
and  avoid  delays. 

Havemeyer  Bar  Ware- 
houses are  equipped  with 
power  bending  machines 
which  bend  accurately 
and  economically  to  any 
desired  shape.  These 
shops  also  manufacture 
Spirals  of  most  approved 
design. 

Note:  We  carry  %"  round,  Havemeyer  or  plain,  for  light 
re-Inforcement. 

Havemeyer  Bars  are  rolled  to  the  same  weight  and  area  as 
plain   bars. 


SIZE 

EXTRA 

HOUND 

AREA 

LBS. 

FOR  SIZE 

OR 

SQ.  IN. 

PER  FT. 

PER 

SQUARE 

100  LBS. 

l^^sq. 

l.r,G3 

5.31 

Base 

1%"^- 

1.266 

4.303 

Base 

\:  11 

1.000 

3.4 

Base 

.785 

2.667 

Base 

Ti'rd. 

.601 

2.044 

Base 

%''rd. 

.442^ 

1.502 

Base 

%''rd. 

.307 

1.043 

5c. 

^'"'rl 

.250 

.850 

10c. 

.196 

.667 

10c. 

%"rd. 

.110 

.376 

25c. 

HAVCMCTER  BUILDING  PRODUaS  CARRIED  IN  STOCK: 

Curb  Bars,  Bar«tjs,  Inserts,  Safety  Treads,  Supporting  and 

Spacing  Deriees,  Steel  Forms,  Metal  Lath,  Channels, 

Wire  Mesh,  etc 

Write  for  Booklet 

CONCRETE  STEEL  COMPANY 

42  BROADWAY,  NEW  YORK 

SALES   OFFICES  I 

Boston,     Philadelphia,     Syracaso,     IVashlnBton,     Cleveland, 

Chicago,  Kansas  City,  St.  Lionts,  St.  Paul,  Omaha, 

Birmingham. 

'Ware^oumem  and  Fabrlcatingr  Shops  in  all  principal  cities. 
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a.24  Plastering. 

Three-ooat  work,  25  to  75  cts  per  sq  yd. 

Lathinff,  wood.  0  cts  per  aq  yd,  complete.     Compo  Board,  40  to  46. 

Wire  lath  and  piaster  partition  wall,  $1.70  to  S2.50  per  aq  yd 

2.3  Metal  Structures. 

2.33  Tanks,  Stacks,  ete. 

Pipes,  see  0.25. 
Stand-pipe,  22  X  60  ft,  including  foundations,  $4000  to  $7000. 


Whitehead  &  Kales  Company 

DETROIT,  MICH. 

Designers,    Fabricators    and    Erecters    of 
Structnral  Steel  Work  of  all  clescri»tioB« 

A  largm9tock  enablea  u»  to  meet  the  most  urgent  demande 


2.34  Boilers. 

Boilers.     Upright  tubular.     Price  with  base  and  fixtures: 

HP 4  12  ao  60 

Dollars 160  226  376  660 

y.ngintw,   3.3. 

2.35  Flre-prooflng,  Concrete-metal  Construetton. 

Concrete-metal  construction :  Concrete  and  wire,  flooring.  15  to  25  cts  per 
aq  ft,  exclusive  of  floor  beams.  For  covering  columns  and  gtrders,  15 
cts  per  so  ft;  if  concreted,  20  cts.  Walls.  70  cts  to  $1.40  per  sq  yd. 
WaU  fumng,  40  to  80  cts  per  sq  yd.  Lathing,  plain,  12  to  22  cts  per  aq  yd. 

Metal,  mlvamaed,  5  to  7  cU  extra.  To  apply  metal  lath.  7  to  0  eu  per 
sqyd. 

2.36  Wharres,  Docks,  Harbor  ImproyemeBt. 

Excavators,  etc.,  see  3.6.    Cement,  1.34. 
Dredging,  2.12. 

2.4  Paving. 

Per  sq  yd.     Blacadam,  65  cts  to  $1;  brick,  $1  to  $2;  Bel^an  bkwk.  S2  to 

$3;  asphalt,  $2  to  $3. 
Cellar  floors.  $1.25  to  $2;  sidewalks,  $1.60  to  $3.     Cement,  see  1.34. 
Vault  lights,  $15  to  $30  per  sq  yd. 

2.5  Sewers. 

From  6  to  18  ins  diameter,  dollars  per  ft  run : 

Depth  bel  surf,  ft.  5  10  15  20 

Excavating  only,  0.40  to  1.15      0.75  to  1.70       1.25  to  2.20      1.60  to  3  00 
Laying  sewer  pipe,  cts  per  ft.  exclusive  of  ^excavations:  15  in.  30  to  00: 

4  in,  20  to  30. 
Brickwork  in  sewers.  $10  to  $15  per  cu  yd. 

2.7  Roofing. 

Slate,  7  to  15  cts  per  sq  ft;  'special  roofs  as  high  as  70  cts.     fflag.  4  cts. 

Tin,  6  to  8  cts.     Shingle.  10  cts. 
Skylights,  complete  and  erected.  60  cts  per  sq  ft  snd  upward. 
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FOR  CONCRETI 


Franklin    Reinforcing:   Steel    sold  under 
the  specifications,  as   drawn   by  the 

Aatrican  Society  for  Testing  Materiolt 
AttociatioB  of  Americu  Steel  Maavftctwert 
Riil  Steel  Prodactt  Attociatioii 

These  specifications  are  as  follows: 


PropntMs   C«md«rcd 

Pkia  Roaads 
or  Sqaares 

Sqaaret 

UltimateTensile  Strength 
Iba.peraq.  in., minimum 

80,000  Iba. 

80,000  lbs. 

Yield    Point   in   lbs.   per 
sq.  in.,  minimum.    .    • 

50,000  Iba. 

50,000  lbs. 

Elongation  —  percent  in 
8",  minimum     .... 

1,300,000 
T.S. 

1,000,000 
T.S. 

Cold  bend  >vithout  frac- 

ture: 

Bara  under  ^4"  in  diam. 
or  thickocaa 

180  d.  3t. 

180  d.  4 1. 

Bara  ^4"  or  over  in  diam. 
or  thicknesa 

90  d.  3  t. 

90  d.  4t. 

Bars  can  be  furnished  in  stock  lengths, 
special  lengths,  or  bent  to  specifications. 

An   Engineering  Department  is  main- 
tained for  estimates  and  designing. 


••3 
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FRANKLIN  STEEL  WK 

■  CHICAGO    FRANKLIN  PA.  clevelami 


MiCORHICKeLOC 


I3ZOKIRBY  Bt 
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1414  PRICE  LIST. 

"Americas  Oldest  Stock 

Fire  Insurance  Company" 

130TH  YEAR 

Insurance  Company 
of  North  America 

PHILADELPHIA,  PA. 

CapRai   -  -  -    $5,000,000 

Be  Sure  of  Yoar  Insurance 
Losses  Paid  Since  Organisation,  Over  $275,000,000 

Practically  every  class  of  insurance  except  life  b  written  by 

Insurance  Company  of  North  America 

and 

Indemnity  Insurance  Company  of  North  America 
Any  Aaent  or  Broker  can  <;et  Yon  Clor  PoBdea 

3.0  Machinery. 

3.1  Electrical  Machinerj. 

3.2  Tools,  Machine  Tools. 
3.23  Drills. 

Explosives,  1.14. 

Rock  driUs.  percussion : 

Diam  cylinder,  ins 2  Si  4i 

Length  stroke,  ins 4i  Si  8 

Depth  hole,  ft 4  10  to  15        25  to  35 

Bottom  diam  hole,  ins 1  If  2i 

Boiler  H  P  required 5  10  15 

I<rice.  complete S130  $275  $350 

Concluded  on  page  1416. 

JOHN  C.  TRAUTWINE  3d,  C.  E. 

MEMBER.   AMERICAN   SOCIETY  Or  CIVIL   ENOINKBRS 
MEMBER.   PRANKLIM   INSTITUTE 

Instrumental  Experimentation  and  Teats 
Deslgnino  of  New  Devices  andApparatua 

Box  26 
Wallingford,  Pa. 
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Trautwine 

THE  CIVIL  ENGINEER'S  POCKET-BOOK 
One  Reference  to    the   Logically  Arranged 

Conversion  Tables 

And  we  find  instantly  that,  for  example 


1  cu,  ft.  per  sec. 


SSKTsE 


1.98347  acrc'fcct  per  day. 
Or,  logarithm  =:  0.297  4258 

There  is,  of  course,  not 
space  enough  here  even  to 
indicate  the  computations 
required  without  the  aid 
of  such  a  table. 

Nearly  a  thousand  other 
such  conversions* 

(20th  Ed*    2nd  Issue 

Fully    Illustrated, 

Thuni'Indext) 

$6.00  Net. 

Trautwine 

Company 

BOX  26 
WALLINGFORD,  PA. 
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3.23  Drills. 

(Continued  from  p  1414) 
Rook  drills,  diamond  (rotary).     DiBcount.  10%. 

Depth  hote,  ft 4000     

Diam  hole,  ina 2A 

Diam  core,  ins 2 

Boiler  H  P  required 25 

Card  price,  dollars 4000 

Pump,  extra,  dollars 200 

Drill  rods,  extra,  dollars. . .  3800 

8.981   ,  Blasting  Machinery. 

Blastinc  machine: 

To  fire  up  to   30  holes  825 

To  fire  up  to  100  holes  76 

Connecting  wire,  40  ots  per  lb. 

Leading  wire.  If  ets  per  ft. 
3.26  Pipe»cutting,  Tapping,  and  Jointing  Uachinetr* 

8.962  Tappers. 

For  dry  pipe,  $20  to  $30  each.    For  pipes  under  pressure,  $100  to  $200  each 
3.263  Jointers. 

2-in.  $2  each;  12-in,  $9;  36-in.  $16;  72-in,  $44. 
8.3  Engines. 


Pumps,  see  3.4.     Boilers,  2.34. 

H  P                  CruNDSR. 

BOIUKR  DXAM. 

Pricb. 

10                    7X8  ins 

29  ins 

$600 

26                     9X10     •• 

36     •• 

860 

60                   13X15     " 

44    " 

1300 

3.31  Stationary  and  Hoisting  Engines. 

Hoisting  engines: 
Single  cylmder,  friction  drum,  but  no  foot  brake,  4  to  6  H  P,  $260  to  $400. 
Double  cylinder: 

12  HP     20HP     60HF 
Friction  drum  and  foot  brake,  or  re- 
versible         $600       $1100       $1300 

Same,  with  boiler 1000         2000         3000 

2-winch  engine 600         1000         1300 

6-winoh  engine 900         1400 

Single  cylinder  stationary  engines: 

HP 12  30  50  100  200         300 

From   $300         $460         $660      $1100      $2000    $3100 

To 460  600  800         1400         2000       3400 

With  base^  about  10%  extra. 

Portable  engines  on  wheels,  complete,  6  to  16  H  P,  $700  to  $1600. 

3.4  Blowing  and  Pumping  Machinery. 

3.45  Hydraulic  Rams. 

Drive  pipe  diam,  ins  ...     1  2  4  6 

Dollars.net 6  to  7         10  to  12        36to40         60to70 

3.46  Pumps. . 

Cap,  gals  per  min  . . .  .20  100  600  2600  10.000 

Prices  in  dollars  each : 
Single  cylinder: 
Boiler  feed  . .  100  to  150  250  to  326 
Tank  and  low 

lift    90  to  140  225  to  276    600 

Duplex: 

High  pressure  260  550 

Low  pressure  200  500 

Centrifugal  .  60  to  75   80  to  176     200  to  460    800  to  1300 

3.5  Hoisting  and  Conyeylng  Machinery. 
Electrical    see    3.1.     Excavating    machinery,    3.6.     Hoisting 

331.     Wire  rope,  1.473. 
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CYALE) 

Yal«  Made  Is  Yale  Marked 

Spur- Geared  Blocks 

for  Speed  and  Safety 


Superiority  of  design,  materials  and  construction 
gives  the  Yale  Spur-Geared  Chain  Block  unrivalled 
safety,  speed  and  alLround  labor-saving  efficiency. 

Its  planetary  gear  system  provides  balanced  pressures, 
neutralized  thrusts,  minimum  wear,  rapid  hoisting 
speed  from  small  chain  overhaul,  ami  keldt  tht  load, 
which  will  not  lower  unless  the  hand  chain  is  pulled. 

Rugged,  all-steel  suspensbn  parts  are  used  through- 
out— "From  hook  to  hook  a  line  of  steel."  Special 
improvements  are  the  Yale  Safety  Hook,  which  will 
not  break  but  opens  slowly  if  dangerously  overloaded ; 
Yale  Steel  Chain,  with  links  electrically  welded  on 
the  side;  Yale  Steel  DeUchable  Shackle  for  easy  inter- 
change of  hooks. 

Over  Wfo  of  the  applied  power  results  in  hoial- 
inc  energy.  With  a  1  -ton  block  onm  man  easily 
hoists  2.000  lbs.  Every  block  is  rated  by  the 
lon«  ton— 2240  lbs.— and  tested  vrith  a  50%  over- 
load, or  3360  lbs.  to  the  ton.  Made  in  sizes 
from  ^  to  40  tons  capacity. 

We  also  manufacture  a  full  line  of  Yale  Differ- 
ential, Screw-Geared  and  Electrical  Blocks  and 
Hoists,  and  Electric  Industrial  Trucks.  Send 
for  catalogs  and  prices. 

Sold  by  Machinery  Supply  Houus 


The  Yale  &  Towne  Mra  Co. 

STAMFORD  CONN.,  U.  5.  A. 
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3.54 


Elevators,  Hoists. 


Hoiating  crabs  on  winches,  i  to  2i  tons  «Pff>*y.  f^  ^122h 
Diflfcrential  hoUts,  i  to  3  tons  capacity,  $10  to  $16  to  WO  each. 


GRUNDY  PATENT  FLEXIBLE  INSUUTED  COUPLING 

Wm  m  Ie«  tiwUe.  and  wiD  athnu  mr  odicr  Flexible 
-^^'^*^  Coupbnff  of  «<ia«l  (bameier. 


Ari23e**ilS*35diTr5mce  for  eoimertii.«.tlie  t«o  e^is 
of  Slwfling  wfcere  it  is  diffienlllo  tO  the  bemiifs  m  pccT     ' 
alisnment.  or  where  they  are  Eable  togeloaftof  adjutecal. 
Mam^faetured  fry 

CHARLES 


COMPANY 
617-619  ARCH  STREET.  PHILADELPHIA 


3.6  Excavators,  General  Construction  Machinery,  ete. 

Hoisting  and  conveying,  see  .3.5.     Hoisting  engines.  3  31.     DrUb,  3.23, 
Explosives.  1.14.     Excavation  and  embankment,  Z.ll. 

3.63  Scrapers,  Flows,  etc. 

Wheeled  scrapers.     Discount.  20% .     $40  to  $60  each. 

Drag  scrapers.     Discount,  60%  to  60%.        .    .__,    -^^^w 
Ordinary.  $10  to  $16  each.     Fresno  or  back.  $36  to  $40  each. 

Plows.     Discount  20%.  ^  ^  ^  .^ 

Horses   2  4  6  8  10 

Each,  dollars.     16  to  30       30  36  40  46 

Hardpan  plow,  $70. 

S.63  DiTinar  and  DlTinff  ApparatiM. 

Air  pumps.     Discount  10%.     Each.  $76  to  $500.  according  to  depth. 
HelmetsrIlOO  to  $125.      Kubber  suits  $40.  ^Weights.  underwe«.  line. 

tubing,  repair  materials,  etc.,  per  outfit,  $110  to  $145. 
Complete  outfit:  Deep  sea,  $70010  $750;  moderate  depths,  $650  to  $600; 

shallow  water,  $276  to  $300.     Discount  15%. 

S.67  Wells  and  Well-drlTingr  Xaehlnerjr. 

Drills,  see  3.23. 


12 
55 


S.68 


RofMl-makliiflrllaclilnerjr,  etc. 


8.682  Concrete  Mixers. 

Each.  $225.  $500  and  upward  to  about  $1500. 


8.683 


Roek  and  Ore  Crasliers. 


Ec'v'o  Cap.. 

Capacitt, 

H.  P. 

Inches. 

Tons  per  Hodr. 

Required. 

Prxcb. 

8  X  14 

10  to  15 

10  to  12 

$600 

9  X  16 

12  to  18 

12  to  15 

.     800 

10  X  18 

16  to  24 

15  to  20 

1000 

12  X  24 

24  to  40 

30  to  35 

1000 

14X36 

45  to  60 

60  to  75 

4000 
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Ford  Chain  Block  Co- 
Philadelphia 

Manufacturers  of 

CHAIN  HOISTS 

A  hoist  for  any  kind  of  hand-power 
lifting  or  lowering  of  loads^ 

All  sizes— 14  to  20  tons 


SPUR  8EAR 


s:rew  sear 


DIFFERENTIAL 


1420  PRICE   LIST. 

HELLER  &BRIGH1ir 

TRANSITS  AND  LEVELS 

H.  &  B.  iBstromeBb  arcbwilt  to 

retain  their  extreme  acomcj 

under  luurd  mage. 

There  is  an  HL  &  B.  Instrument  for 
every  purpose,  tested  and  proven. 
Over  80  per  cent,  are  sold  in  repeat 
orders,  showing  their  remarkable  sue- 
cess.  Engineers  of  wide  experience  in 
the  field  not  only  value  the  accuracy  of 
graduations  and  great  range  of  tele- 
scope, but  endorse  H.  &  B.  instruments 

for  permanency  of  adjustments  and   close    needle,  stadia«  and 

levding  work. 

Writtt  for  our  doaeriptiTO  catalog  contalnliMr  prieo  Ust»  otc 

HELLER  &  BRIGHTLY 
1124  Spring  Garden  Street,  PHILADELPHIA,  PA. 


4.0        Engineering,  Surveylngt  and  Scientific  Instnunents  and 

Supplies. 
4.3  Surveying  Instruments. 

4.31  Transits,  Plane  Tables,  Compasses,  etc. 

Transits,  plain,  $160  to  $200.     Engineers',  complete.  $200  to  $300.     Ifia- 

ing.  $200  to  tSOO  and  $700.     Mountain,  $160  to  $300. 
Theodolites  and  portable  alt-asimuth  astronomical  instrumoite,  $600  to 

$1000. 
Solar  attaohments,  $60  to  $70.     Sextants,  $60  to  $160.     Pocket  sextants, 

$50. 
Plane  tables,  oomplete,  $100  to  $300.     Compasses,  poeket.  $10  to  $26. 
Concluded  on  p.  1423. 


JOHN  C.  TRAUTWINE  3d,  C.E. 

MEMBER.  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS  AND  FRANKLIN  INSTITXITE 

SPECIAL  SURVEYS 

EXCEPTIONAL  OR  UNUSUAL  SURVEYS 

MINE  SURVEYS 

Box  26 
Walllngford,  Pa. 


SURVEYING  INSTRUMENTS. 


ir4 


MANY  years  of 
valuable  exper- 
ience as  manu- 
facturers, constant  ef- 
forts to  improve  our 
product,  together  with 
adherence  to  the  most 
rigid  stemdards  of  work- 
manship and  material, 
account  for  the  superi- 
ority of  K  db  E  Survey- 
ing Instruments. 

Modem  design,  sturdy 
construction,  unvarying 
accuracy,  reliability,  re- 
markable wearing  quali- 
ties; all  these  are  inher- 
ent in  our  product. 


No.  5085  C 


The  use  of  our  instruments  in  nearly  every 
important  government,  municipal  and  private 
work  indicates  their  high  standing  among  the 
members  of  the  Elngineering  profession. 

Our  i^atalogue   contains  almost   600  pages  of   useful 

information  on  Elngineering  Instruments,  Drawing 

Materials,  etc. 

A  copy  will  be  mailed  upon  receipt  of  request. 

KEUFFEL  Sl  ESSER  CO. 

NEW  YORK,  127  Fulton  St. 

General  Office  and  Factories,  HOBOKEN,  N.  J. 

CHICAGO.  5 16-20 S.  I>earboniSt.  SAN  FRANCISCO.  48-50  2d  St. 
n  .  LOUIS.  81 7  Locust  St.       MONTREAL.  5  Notre  Dame  St..  W. 

Drawing  Materials.  Mathematical  and  Surveying 
Instruments,  Measuring  Tapes 
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"Better  work;  more  accomplished; — with 
DIETZGEN  products." 

DIETZGEN 

Transits  and  Levels 

embody  design 
and  constructicm 
that  are  recog- 
nized as  being 
the  best  by  the 
engineering  pro- 
fession. 

Our 

10th  Editioa 

Catalog 

shows  cuts  and 
specifications 
which  prove 
why  our  Sur- 
veying Instru- 
ments are  ac- 
cepted as  the 
STANDARD. 

Also  fully  describes  our  complete  line  of  Field 
and  Office  supplies  for  the  engineer. 

Free  Copy  on  Request 

EUGENE  DIETZGEN  CO. 


Chicago 

N«wOrl«aiM 


Branch—t 
N«w  York 

SaUa  Offtcma: 


San 


WaaUngtoa 
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Sarvejrlngr  Instrnments,  (Concluded). 
4.99  Levels. 

Elnsineera'  levels.  SlOO  to  $200.     Hand  leveb,  $5  to  $18 ;  usuAlly  about  $9. 
4.23  Bods,  Tapes,  etc. 

Leveling  rods,  $10  to  $18  each.     Range  poles.  $2  to  $5. 
Tapes,  from  4  to  14  cts  per  ft.  depending  upon  graduation  and  length. 
Chains.  8  to  12  cts  per  ft. 
4.90  Miscellaneous. 

Current  meters.  $65  to  $100.     Direction  meters,  $200  to  $250.     Velooit¥ 


register  and  timepiece,  $50  to  $60. 
[ookga 


Hook  gages,  $15  to  $60. 
4.3  Computing  Instruments. 

Planimeters,  $15  to  $125. 

Slide  rules,  plain  Mannheim,  $1  to  $5 ;  other  forms,  $1  to  $50. 

Computing  machines.  $100  to  $300. 


PREPARED 
TRACING  PAPERS 


Superior 
Tracing 
Papers 


"VELLUM."  No.  V-I10-Cr«un  Tiat       "VELLUM."  No.  y.l20-N«tard  Tint 

"VELTEX."  No.  V-140— Bltts  Tint 

UNEQUALLED    FOR    ERASING! 

Our  tracing  papers  are  carefully  prepared  from  the  highest 
grade  of  paper  stock  made  to  our  order. 

They  are  exceptionally  strong;  will  not  cockle  nor  become 
brittle ;  repeated  erasures  can  be  made. 

Pencil,  ink,  colors  or  crayon  may  be  used. 

They  render  sharp  prints  In  any  process. 

Recommended  as  the  best  substitutes  for  tracing  cloth. 

STRENGTH  —  EVERY  YARD  IS  PERFECT  ~  PERMANENCY 

ORDER  THROUGH  YOUR  DEALER 
Samples  on  request  from  the  manufacturer 

GEORGE    VINCENT,    649  W.  43rd  street.  NEW  YORK 

4.4  Drawing  Instnimenta  and  Materials. 

Drawing  instruments,  $10  to  $30  per  set,  very  elaborate  sets  as  high  as  $60 

and  even  $100.     Drawing  pens.  $1  to  $3  each.     Compasses  (drawing), 

$3  to  $9.     Dividers,  $1 .50  to  $4.60. 
Triangular  boxwood  scales,  ordinary.  12  ins  long,  $1  to  $3. 
Metal  straight  edges,  36  ins  long.  $3  to  $6:  shorter,  as  low  as  $1. 
T-equares,  36  ins,  with  celluloid  edges,  about  $2.25;  wood,  $1  to  $2.40; 

steel.  $7  to  $10,  usually  with  adjustable  angle. 
Triangles,  celluloid,  6  ins,  40  to  65  cts;  12  ins.  $1  to  $1.50.      Franoh 

curves,  celluloid,  50  cts  to  $1.50. 
Protractors,  German  silver.  4  ins,  50  cts  to  $2.00;  6  ins,  $1US0  to  $6;  with 

arms,  6  ins,  $0;  8  ins,  $12. 
Drawing  inks,  26  cts  per  bottle. 
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4JS  Hellography. 

Blue  printo,  2  to  3  cts.  per  sq  ft. 

Blue-print  paper,  li  to  2  eta  per  aq  ft. 
9.0        Miscullaneous  Supplies. 
0.1  Railroad  Supplies. 

0.11  Balls. 

Steel  rails,  $28  per  ton .     Old.  f  16. 

0.19  Joints. 

1.6  to  2.5  Ota  per  lb. 
0.14  Ties. 

White  oak,  50  to  70  cts  each;  chestnut,  36  to  46;  3reUow  pine,  60  to  8fi. 
Tie  plates,  5  to  15  eta  each. 

9.16  Spikes. 

li  to  2  eta  per  lb. 
0.9  Hydraulic  Supplies. 

Qaskets,  see  1.8.     Stand  pipes,  tanks,  2.33.     Pipe-cutting,  tappinc.  aod 
jointing  machines,  3.26. 
0.23  Water-wheel  Governors. 

Water-wheels,  see  3.35. 
0.94  Water  Meters. 

All  types  (except  piston ;  see  below) : 

Nom'i  diam,  pipe,  ins f  or  i      1  3  6  12 

Dollars  each,  from 9         18  95         300  800 

"      to 12         26         125         500         1600 

Reciprocating  piston  meters,  about  50%  more. 

Venturi  meters,  see  pp.  532,  etc.     Current  meters,  4.29. 


Simplex  Water  Meters 


Ifi  mctefins  flnadi  lk»  canpuqr  hat  adanted  for 
itA  itdiidaia  the  diminatiaa  ol  fricboo.  lis  type 
"  C  "  meter  legiiler  k  90  denpied  m  Id  aftoKr a 
leljablie  imtniment  for  lae.wim  Ventun  ttAe*  ol 


low  nuio  and  cooiequentfar  low  pwimaiwnt  km 
ol  hewL  This  it  pra^  by  the  fact  that  il  iilhe 
cnJy  piactical  imtniment  on  the  BMfket  that  w« 
knew  of  that  it  uted  raooeafdhr  with  pilot  lube* 
and  mider  thit  <n,indili<w  measuiet  aocoalehr 
rctctcitie*  down  to  }4  foot  per  Koood  thiouch 
ihi;  mam. 

Thew  tciulttaieacoompliihedbytfaerliininalina 
of  cathi  and  other  fnctioa  prodncmc  devicet. 
W«  UK  abo  headquaiten  for  Rale  Contiolen. 
Filler    Gauflet,    Weir    l^egirten.    I'Stol    Tube 
Rrci^jfden  for  water  waete  Mirvespt,  and 
watrcwodt  I 


Simplex  Vahe  &  Meter  Co. 


112  N.  tnmi  St. 


New  Enakiid  Riyicuntatim :  Mr. 
Geo.  wTStelBon.  Ml  MSk  Su 
Boiloa.Ma».  Caoadian  Refxewii- 
ladvet :  Hanldn  &  Co.— Mootieal— 
Toronto— Vancouver. 


Alto  Manirftctufen  of 

AlbtudeVaKet  for  Rcaferrois:  Rate 
of  Flow  CootraOen  and  Caecea  for 
Fdten:  AataoMlic  Air  Vakea. 
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OIL  METERS 


The  EMPIRE 


POSITIVE  DISPLACEMENT 
OSCILLATING  PISTON  TYPE 

Made     by     us    for     over    forty 
years. 

Used  and   recommended  by  Oil 
Engineers  all  over  the  country. 


Sizes  from   J^"  to  6"  inclusive. 
Standard  and  high  pressure  types. 

The  EMPIRE  is  entirely  different  in  design  from 
every  other  meter  offered  tor  oil  measuring  work.  It 
is  not  only  highly  accurate,  but  it  holds  its  accuracy 
under  severest  working  conditions,  with  a  minimum 
of  attention  and  repair.  Send  for  fully  descriptive 
circular  T'300. 


WATER  METERS 

We  make  six  types  of  cold  water  meters.  OsciUat' 
ing  and  Rotary  Piston,  Disc,  Velocity,  Compound  and 
Vcnturi.     All  sizes  from  J^"  to  48". 

Illustrated  price  list  on  request. 


NATIONAL  METER  COMPANY 

EttablulMd   1870 
299  BROADWAY,  NEW  YORK 

BranchM   in   other   principal    cities 
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]Ve  Manufacture  and  Ship  from  One  PlatU — 

''Mathews"  Fire  Hydrants 
Waterworks  Gate  Valves 

Cast  Iron  Pipe 
Standard  and  ''Reduced"  Fittings 


This  is  a  service  to  the  Water  Works  Field  and  Engineering 
Profession  not  offered  by  any  other  manufacturer. 


R.  D.  WOOD   &   CO. 

400  Chestnut  St. 
PHILADELPHIA,  U.  S.  A. 


.25  Pipe. 

Pipe-cutting  machinery,  etc.,  see  3.26. 
Pipe  laying,  see  pp.  658,  659. 
Leiftd-  and  tin-lined  iron  pipe: 


Lbad-uned,  5  0t8  peh  Lb. 

Tin- 

UNBD,  10  On  PBB  Lb. 

Discount,                          25% 

10% 

Sme                            Price 

Price 

IN  Ins.                         per  Ft. 

PER  Fr. 

1                                 S0.30 

10.56 

2                                   0.65 

1.35 

4                                    1.72 

3.00 

6                                   3.28 

4.25 

Block  tin  pipe,  35  cts  per  lb. 

Lead  pipe.  5  cts  per  lb. 

Boiler  tubes.     Discount,  40%  to  50%.     Prioee.  see  p.  1164. 

8€»mlefl8  brass  tubes,  base  price,  20  to  25  cts  per  lb.     Extras,  see  p.  1211. 

Spiral  riveted  pipe,  in  dollars  per  100  linear  ft.     DiflcouAt,  50%. 


)lA»f. 

Thickness 

Thickness 

Ins. 

B.  W.  G. 

Ins. 

Black. 

Asphalted. 

Galyaniskd 

3 

20 

0.035 

27 

30 

45 

6 

18 

0.049 

57 

63 

93 

8 

18 

0.049 

73 

81 

120 

10 

16 

0.065 

115 

120 

180 

12 

16 

0.065 

145 

160 

220 

16 

14 

0.083 

240 

260 

350 

20 

14 

0.083 

310 

335 

445 

24 

12 

0.109 

475 

505 

640 

30 

10 

0.134 

710 

745 

MO 
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FIFE,    ETC. 


1^'4 


— world's 

I  ARGFST  nianufaiturt-r 
of  wood  pip^ 


Wire  or  write  CONTI* 
NENTAL  FIRST  for 
in  form  at  ion,  un  biased 
retommendacions  and 
prices  on 
Wire  Wound  Woo6  Pip^ 

/  ( tt^^rJ  tut  Vntnattii  i 

ContinuDui  Suvc  Wood  Pipf  I 

ConiinuDiu  SuveWbodRunM^  | 

Tinkfi  Conduit  nad 
Slcjjn  Pipe  Cuing 


CONTINENTAL 
PIPE  MFG.  CO. 

Opf  rating  Plants  at  Seattle  jind 
Tacoma,  Wash.,  and  Portland,  Ore. 


Sales  Drncts 

Ben  nfoiiS«ITlf,Wjkhjrijton-BQi  1404  T^rofru.Wifhinsion- Kfr^Km  Su[>en. 
FWlUrtd.  OiWfon -' Hifd*  Duildint,  Spokjinr,  Wi  ihi  npcon  —  J»rDb*af|i  Buitd-n*. 
~  -  WoolwurrK  B.t.J4inK,  Nr«  Yarh  Qi>.  Niu' Y.»rk  - 

T4«r«r  Bualiiing    C^itaga,  lllincui 


No  other 

type  of 

pipe  or 

flume 
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9.251  Cast-iron  Pipe. 

Cast-iron  water  pipe,  $34  per  ton. 

Pipe  laying,  see  pp.  658.  659.  1157,  1158. 

9.352  Steel  Pipe. 

Steel  pipe.  4  cts  per  lb  at  works. 

9.253  Wrougrht-iron  Pipe. 

Wrought-iron  pipe,  per  ft.     Discount,  li-in  and  smaller*  50% ;  2-in  ai 
larger,  60%.     Prices,  see  p.  1164. 


9.254 

Prices  in  cts  per  ft : 
Inner  diam,  ins. .    1 

Plain 6 

Strengthened  for 

401bspersqin.l2 

160  "    ••   ••    ".18 

Woodstave  pipe, 

40  lbs  per  sq  in. 

160 •   ••  . 


Wood  Pipe. 


3 
20 


25 
30 


6 
45 


50 
70 


50 
70 


10 


90 
140 


16 


200 
270 


350 


84 


1200 


9:255  ^  Sewer  Pipe,  etc. 

Sewer  pipe.     Discount,  70  to  80%.     Prices,  sse  p.  575. 
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JOHN  C.  TRAUTWINE  3d 
C.  E. 

MEMBER.  AMERICAN  SOaEIT  OF  CIVIL  ENGINEERS 
MEMBER.  FRANKUN  INSTITUTE 

Original  investigations 

Instrumentai  Experimentation 

Research  and  Deveiopment 

IN 

HYDRAULIC 
DEVICES  OR  APPARATUS 

Box  26 
Wallingford,  Pa. 


,256  Hose. 

Water  hose,  price  per  in  of  internal  diameter,  per  ft  of  length: 

2-PLY.  $0,333  4-PLT.  $0.50  6-plt.  $0.75 

Other  plies  at  nearly  proportional  rates. 
Air.  hot  water,  and  steam  hose,  price  per  in  of  intenuU  diam.  per  ft  of 
length : 

4-PLT.  $0.83  6-PLT.  $1.24  8-Pi.T.  $1.66 

Other  plies  at  nearly  proportional  rates. 

ze  Hydrants  and  Valves. 

Gate  valves,  lisht  and  standard,  iron  bodv,  bronee  mounted,  for  preHures 
up  to  125  lbs  per  sq  in.    Discount,  50%.   Flanged,  semred  or  bell  eoda 

Diam,  ins 2         4         6        8         12         16         24  48 

Stationary  stem $10     $20     $30     $55     $125     $275     $400     $2400 

Rising  stem 33       55       00       170       350       500      2560 

Continued  on  p  1430 
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Morm  thtm.  Sixty  Yman  of  Experiencm 
GoeM  Into  All 

EDDY 

HYDRANTS  »™>  VALVES 

Built  to  Mmmt  Every  Exacting 

Reguiremmnt  of  Watmr  Worka 

Service 

PMcticaJ  water  works  men  imtantlv  recognize 
the  Kiperior  features  of  Eddy  prooncta.  For 
inatance,  with  the  hydrant — 

A  damaged  valve  can  be  replaced  in  a  few 
minutes. 

Water  hammer  is  avoided  by  the  valve  dos' 
ing  against  the  pressure  and  the  use  of  the 
cut'on  under  the  valve,  which  gradually 
closes    it. 

Sterna     cannot     be     bent     in     closing     the 
TvftB  of    hyclrant. 

1  dSv  Nothing  can  lodge  on  the  valve  seat  to  pre 

Hydrant     "^'^^^  closing   of  the   valve. 
Popularly      ^^*  *^'P  ^^^  ""*  ^  removed  without  inter* 
OiKe'd  fering  with  the  hydrant  in  any  manner. 

The    position    of    the    stem    of    the    hydrant 
indicates  accurately  the  position  of  the  valve. 
Whatever    can   pass   the    valve    opening    will 
pass  the   standpipe. 

No   frost    case    necessary. 
All  of  these  points  are  explained  thoroughly 
in  our  catalog,  which  it  will  pay  you  to  study. 

THE  EDDY  VALVE,  too 

— has    its     distinctive    and    vn' 
dividual   features.     The    doubh' 
disc    gates    are    free    to    adiu^r 
themselves     in     different     poM 
tions    every   time    the    valvi^    i'>i 
closed,   thereby  keeping 
smooth  and  tight  faces. 
And  two   bronze   hooks 
on   the   ball    loosely   engage   with   the   gates  to 
prevent   them   from   spreading   at   the   top. 

The  center  bearing  gates  are  forced  to  their 
seats  with   equal  pressure  at  all  points. 

There  is  a  good  deal  more  worth  knowing 
about  Eddy  Valves.  Further  details  will  be 
sent  iftt  the   asking. 

OTHER  EDDY  PRODUCTS 
The  Eddy  line  of  water  works  produas  also 
includes    horizontal    and    vertical    check    valves. 
foot   valves,    hydraulically   operated   valves,    in* 
dicator   posts,    etc. 

All  goods  made  by  the  Eddy  Valve  Com* 
pany   arc    manufactured    exclusively   at    Waterford,  New  York. 

S.S8"  EDDY  VALVE  COMPANY  SYfu^H: 
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.26  HjrdrsBts  and  Talvcs. 

(Ck>ncluded  from  p  1428.) 

Gate  valyes.  extra  heavy,  iron  body,  bronse  mounted,  for  preasures  op  to 
250  Ibe  per  sq  in.     Discount.  50%.     Flanges  or  screwed  ends. 

Diam,  ins 4  6  8  12  16  20 

Stationary  stem $50         $80         $120         $300         $600 

Rising  stem 65         105  150  350  650         $1150 

Gate  valves,  standard,  all  bronse.  for  pressures  up  to  125  lbs  per  sq  in. 
Discount,  65%. 

Diam,  ins i  i  1  2  3  4  6 

Screwed $1.25     $1.40     $2.50      $7.50      $20      $50      $120 

Flanged 3.75       7.50      14.00        34        60        135 

Globe  valves,  all  bronseg  for  pressures  up  to  125  lbs  per  sq  in.     Discount. 
40%. 

Diam,  ins \                 i  1  2  3 

Screwed $1.10          $1.60  $2.20  $8.75  $22.00 

Flanged 6.00  16.50  34.00 

Compression  and  gate  fire  hydrants. 

Inlet  valves,  ins 3  4  5  6 

Price  of  hydrant $30  $35  $12  $54 

Discounts 25%  25%  20%  5% 

Extra  for  frost  case $4.50  $5.00  $6.50  $7.50 


FIRE  HYDRANTS 

Frost-Proof,  Simple,  Efficient 

All  parts  removable  without  digging  up 
hydrcmt.  Special  device  prevents  street  from 
being  flooded  should  stand  pipe  be  broken. 
Minimum  expense  to  install  and  maintain. 

LUDLOW 

GATE  VALVES 

For  Water,  Steam,  Gas,  Oil, 

Hydraulic  or  Electric 

Operated 

All  styles,  any  size,  all  pressures 

The  Ladlow  Valve  Mfg.  Co 
TROY,  N.  Y. 

Branch  Offices:  New  York,  Chlcftro.  Boston.  Philadelphia.  Pituburgh.  Kansas  aty 
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INDEX  OF  ADVERTISEMENTS  AND 
ADVERTISERS. 

Names  of  advertisers  In  italics. 


Air  valves,  1424. 
Altitude  valves,    1424. 
AUaa  Povoder  Co.,  1403. 

B 

Bar  iron,  1405. 

Bar   splicers,    1407. 

Bars,  reinforcing — ^  1411,  1413. 

Beams,   1405. 

Blocks,  chain—,   1419. 

Blocks,   spur-geared — ,    1417. 

Boiler    tubes,    1405. 

Bolt  iron,  1405. 

Bond,  Charles — Co.,  1418. 

Burden  Iron  Co,,  1405. 


Casing,   1427. 

Castings,  malleable — ,   1407. 

Chain,   1417. 

Chain  blocks,   1417,   1419. 

Chain  hoists,  1419. 

Channels,   1405,   1411. 

Check  valves,  1426,  1429,  1430. 

Clips,  1408. 

Clips  for  reinforcement,   1407. 

Concrete  Steel  Co.,  1411. 

Continental  Pipe  Mfg.  Co,,  1427. 

Couplings,   1418. 

Couplings,  reinforcing — -.  1407. 

Crown  water  meters,   1425. 

Curb   bars,    1411. 


Designing,   1414. 
Development,    1428. 
Dietzgen,  Eugene — Co.,  1422. 
Drawing  materials,   1421,   1422. 

E 

Eddy  Valife  Co.,  1429. 
Empire  water  meters.  1425. 
Engine  bolt  iron,   1405. 
Engineering,  consulting — ,  1414, 

1420,  1428. 

Engineering  d  Contracting,  1448. 
Engineering   instruments,    1420, 

1421,  1422. 
Experimentation,    1414,    1428. 
Explosives,  1403. 


Filter  gauges,  1424. 

Pire  hydrants,  1426,  1429,  1430. 

Fittings,    pipe — ,    1426. 

Flumes,  1427. 

Ford   Chain  Block   Co.,  1419. 

Forms,  steel — ,   1411. 

FrankUn  Bteel   Works,   1413. 


Gate  valves,  1426,  1429,  1430. 
Gauges,  filter—,   1424. 
Gem  water  meters,  1425. 
Grundy   couplings,   1418. 

H 

Havemeyer  Bar,   1411. 

Heller  d  Brightly,  1420. 

Hoists,    1417,    1419. 

Hoists,  chain—,   1417,  1419. 

Hollow  drilled  staybolts,  1405. 

Hooks,  1408. 

Hydrants,     fire—,     1426,     1429, 

14.30. 
Hydraulic  research,   1428. 


Indicator  posts,   1429,   1430. 
Instruments,  drawing — ,  1421, 

1422. 
Instruments,    engineering — , 

1420,  1421,    1422. 
Instruments,  mathematical — , 

1421,  1422. 

Instruments,  surveying — ,  1420, 

1421.  1422. 
Insurance  Co.  of  North  America, 

1414. 
Investigations,   1428. 
Iron,    1405,    1407. 


Keulfel  d  Esser  Co.,  1421. 

L 

Lath,  metal—.   1411. 

Leschen,  A. —  d  Sons  Rope  Co., 

1409. 
Levels,   1420.  1421,  1422. 
Ludlouj  Vaive  Mfg.  Co.,  1430. 
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M 
Malleable  castings,  1407. 
Marion   MaUeable   Iron   Works, 

1407. 
Mathematical  Instruments,   1421, 

1422. 
Measuring  tapes,  1421,  1422.  . 
Merchant   bar   iron,    1405. 
Mesh   wire — ,    1411. 
Metal   lath,   1411. 
Meters,     water—,     1401.     1424, 

1425. 
Mine  surveys,   1420. 
Morria,  Wheeler  d  Co.,  1405. 

N 
Nash  water  meters,  1425. 
National  Meter  Co.,  1425. 
Neptune  Meter  Co.,  1401. 


Paper,  tracing — ,   1428. 

Pattern  work,   1407. 

Pipe,  iron—,  cast—,   1426. 

Pipe,   wood — ,   1427. 

Pi  tot- tube   recorders,    1424. 

Powder.   1403. 

Premier  water  meters,  1425. 

Puddle   iron,   1405. 


Balls.  1406. 
Rate  controllers,  1424. 
Registers,    weir — ,    1424. 
Reinforcement,    1407,    1411, 

1413. 
Research,   1428. 
Rivets,  1405. 
RoehUnge',  John  A. —  8one  Co., 

1408. 
Rope,  wire—,  1408.  1409. 

s 

Sash  products.   1407. 
Sewer  gates,  1426,  1429.  1430. 
Shafting,   1405. 
Shapes,   structural — ,   1405. 
Sheaves,   1408. 

SimpXew  Valve   d    Meter   Co., 
1424. 


Slings,  1408. 

Sluice  gates,  1426.  1429,  1430. 

Sockets,  1408. 

Spikes,   1405. 

Splicers  for  bars,   1407. 

Spur-geared   blocks.    1417. 

Stave  pipe.  1427. 

Stay  bolt  iron.  1405. 

Steel.   1405.  1407. 

Steel  framed  structures,   1412. 

Steel,  reinforcing—,  1407,  1411. 

1413. 
Steel   work,   structural — ,    1412. 
Strand,   1408. 
Structural  shapes,   1405. 
Structural  steel  work,   1412. 
Surveying   instruments,    1420, 

1421,  1422. 
Surveys,  1420. 


Tanks,  1427. 

Tapes,  measuring — ,  1421.  1422. 

Telephone   wires,   1408. 

Tests,   1414. 

Tracing    paper,    1423. 

Transits,  1420,  1421,  142Z 

Trautwine  Company,  1415, 1436. 

1442.    1460. 
Trautwine,  John  C. —  M,  1414, 

1420,    1428. 
Trident  Water  Meter,    1401. 
Trucks,   1417. 
Tubes,  boiler — ,  1405. 

U-Y 

U-bolts,  1407. 

Valves,  1424,  1426.  1429.  1430. 

air—,    1424. 

altitude—,   1424. 

gate—,   1426,    1429,    1430. 
Yinoent,  Oeorge — ,  1423. 
Water  meters,  1401,  1424,  1425. 
Weir  registers,   1424. 
Whitehead  d  Kales  Co.,  1412. 
Wire,   1408. 
Wire   mesh,   1411. 
Wire  rope,  1408.  1409. 
Wood   pipe,    1427. 
Wood,  R.  D. —  d  Co.,  1426. 
Yale  d  Toume  Mfff.  Co.,  1417. 
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BIBUOOBAFHT. 

The  following  list  of  books  makes  no  pretensions  to  completeness.  It 
aims  simply  to  be  usefully  suggestiv  to  the  general  civil  engineer. 
The  list  IS  arranged  according  to  the  Decimal  Classification  of  Mel- 
▼11  -Dewey.  In  this  classiiication  (see  outline  below)  all  subjects  are 
arranged  under  ten  general  heads,  and  to  each  of  these  heads  is  as- 
Bignd  a  number  in  the  hundreds  place,  as  Natural  Science,  500;  Useful 
Artfi,  600;  etc.  Then  each  general  head  is  divided  into  ten  sub-heads, 
to  each  of  which  a  number  in  the  tens  place  is  assignd.  Thus,  Natural 
Science  (500)  is  subdivided  into  Mathematics,  510;  Astronomy,  520; 
Physics,  530;  etc.  Again,  each  of  these  is  subdivided,  and  decimally 
nnmberd,  and  this  successiv  subdivision  and  decimal  enumeration  may 
be  continued  indefinitely.  To  find  a  aabject,  refer  to  the  table  be- 
low, and  decide,  first,  under  which  of  the  general  heads  it  belongs, 
then  under  which  sub-head,  and  so  on.  Thus.  Plane  Geometry  is  seen 
to  belong  (1)  under  Nat  Sc,  500,  (2)  under  Math,  510,  and  (8) 
under  Geom,  513.  However,  matter  on  a  special  subject  is  often  con- 
tain d  in  books  on  a  more  general  subject  which  embraces  the  special 
jne.  Thus,  matter  pertaining  to  Geom  (513)  is  found  in  many  works 
which  would  be  classified  under  Mathematics  (510).  Conversely,  in 
looking  for  books  on  Mathematics,  the  sub'heads.  Algebra,  Geometry, 
etc,  should  be  consulted  as  well.  In  general,  it  is  advisable  to  look 
under  all  heads  that  may  contain  the  information  wanted.  Thus,  in- 
formation on  Locomotivs  may  be  found  under  Mechanical  Engineering, 
621,  or  under  Railroads,  625.  To  avoid  duplication  in  such  cases, 
however,  one  such  head  has  usually  been  selected,  and  reference  to  it 
made  under  the  other. 


Outline  of  Claaalflcatlon. 


500 

510 

612 

513 

514 

515 

516 

617 

620 

526 

526.9 

530 

631 

632 

533 

586 

587-8 

540 

550 

600 

620 

620.C 

620.1 

621 

621.1 

621.13 

621.16 

621.18 

621.2 

621.3 

621.4 

621.6 

621.8 

622 

622.21 

622.26 

Q22.32 


NATURAL  SCIBNCS2 
Mathematlca 

Algebra 
Geometry 
Trigonometry 
Descriptive  Geometry 
Analytical  (Geometry 
CalculULS 
Astronomy 
Geodesy 
Surveying 
Physics 
Mechanics 
Hydromechanics 
Pneumatics 
Heat 

Elec'y  and  Magnetism 
Chemistry 
Geology 
USEFUL.  ARTS 
ESnsrlneerlnsr 

Civil  Engineering 
Strength  of  Materials 
Mechanical  Engin'g 
Steam  Engineering 
Locomotives  . 
Sta'y  Engines 
Steam  Generation 
Water  Eng  &  Motors 
Electrical  Engin'g 
Miscellaneous  Motors 
Pumps  &  Blowers 
Transmission  M'ch'm 
Mining^,   ISxc'v'n,  etc 
Excavation 
Tunneling 
Hydraulic  Mining 


624  Bridges  and  Roofs 

624. a  Trestles.     Viaducts 

624.2  Girders 

624.3  Trusses 

624.6  Arches 

624.8  Draw  Bridges 

624.9  Roofs 

625  Railroads  and  Beads 

625.1  Route.    Track 
625.1a  R.  R.  Surveying 
625.1ac  R.  R.  Curves 
625. lae  R.  R.  E'rthwork 

625.2  Trains.     Cars 
625.8  Roads  &  Pavements 
626-7  HTdraulle  Eng 
626.8  Irrigation 

627.8  Dams 

628  Sanitary  Engineering 

628.1  Water  Works 

630  Forestry 

660  Chem.  Tech'y.  Explosives 

670  Manufactures.    Iron  &  St'l 

690  Balldlngr.     See  721 

691  Materials  &Pre8ervtvs 

691.1  Wood 

691.2  Stone 

691.3  Concrete 
691.37  Reinforced  — . 

691.7  Iron  and  Steel 
693  Masonry 

697  Heating  and  Vent'g 
700     FINB  ARTS 

720  Architecture 

721  Arch'l  Constructioa 
721.1  Foundations 
740  Drawing 

770  Photography 
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AbbreTiatioBS. 

A— D.   Appleton   &   Co.,    29-35    W.   32nd   St.,   New   York;    25 

Beford  St.,  (Covent  Garden),  London. 
AB — ^Allyn  &  Bacon,  50  Beacon  St..  Boston,  Mass.;  11  S.  36th 

St..  New  York:  1006  S.  Michigan  Ave.,  Chicago.  IlL 
AC — Constable  &  Co.,  Ltd.,  10  Orange  St.  Leicester  Sq.,  Lon- 
don. W.  C. 
B— Henry  Carey  Baird  &  Co.,  810  Walnut  St,  Philadelphia, 

Pa. 
BC — ^Adam  &  Chas.  Black  Co.,  Soho  Sq.,  London. 
C — ^McGraw-Hill  Book  Co.,  239  W.  39th  St..  New  York. 
CG — Charles  Griffin  &  Co..  Ltd..  Exeter  St..  Strand,  L<ondon. 
CH— Chapman  &  Hall,  Ltd.,  11  Henrietta  St.,  Covent  (harden, 

London,  W.  C.  2.  ^,  „  ^  ^    . 

CL — Crosby  Lockwood  &  Son,  7  Stationers'  Hall  Court,  Lud- 

gate  Hill.  London,  E.  C. 
EN — McGraw-Hill  Book  Co..  Inc..  239  W.  39th  St.,  New  York. 
G — Ginn  &  Co.,  Boston.  Mass. 

L-^.  B.  Llppincott  Co.,  E.  Washington  Sq..  Philadelphia,  Pa. 
LG — Longmans.  Green  &  Co.,  Fourth  Ave.  &  30th  St.,   New 

York;  Boston  &  Chicago. 
M—The  Macmillan  Co.,  64-66  Fifth  Ave..  New  York. 
McG — McGraw-Hill  Book  Co..  239  W.  39th  St..  New  York. 
R — ^Renouf  Publishing  Co..  25  McGill  College  Ave.,  Montreal. 

Canada. 
RG — McGraw-Hill  Book  Co..  239  W.  89th  St.,  New  York. 
SC — Spon  &  Chamberlain,  123-125  Liberty  St..  New  York. 
T — ^Trautwine  Company,  257  S.  4th  St..  Philadelphia.  Pa. 
U.S. — (rovernment  Printing  Office,  Washington,  D.  C. 
VN — D.  Van  Nostrand  Co.,  25  Park  Place,  New  York. 
W — John  Wiley  &  Sons,  Inc.,  432  Fourth  Ave..  New  York. 

Book  SlMS 

The  following  book  sizes  have  been  recommended  by  the 
American  Library  Association: — 

Name       32mo     24mo     16mo     12mo       Svo  4to  Folio 

Ht,ins.    4  to  5    5  to  6     6  to  7     7  to  8     8  to  10     10  to  12     12  to  14 
When  width  Is      8/5  height  %  height  =  height 

book  is  called      ''narrow"  "square"  "oblong." 

BOO        Natural  Sclenee. 

SIO  Mathematics. 

Claudel,  J. — .    Handbook  of  Mathematics.     Translated  and 

edited  by  Otis  Allen  Kenyon.     From  the  7th  French  cd. 

708  pp.     6x9.     422  ills.     |3.50.     McG. 
Howe,  George. — .     Mathematics  for  the  Practical  Man.    Sd 

Ed,  corrected.     143  pp.     42  figs.     5x7%.     Cloth.      $1.25. 

VN. 
Mann,  H.  Leslie. — .    A  Textbook  on  Practical  Mathematics 

for    Advanced    Technical    Students.      498    pp.      149    ills. 

6x9.     Cloth.     9  2. 10.     LG. 

510.8  Tablca   and  Mi|theiiiatlcal  UwtnuMcats. 

Barlow.  Barlow's  Tablcn  of  Squares,  Cubes,  Square  Roots. 
Cube  Roots,  Reciprocals  of  All  Numbers  up  to  10,000. 
200  pp.     12mo.     Cloth.     $1.25.     SC. 

Bruhns,  C. — .  New  Manual  of  Logarlthnui  to  Seven 
Places  of  Decimals.  9th  ed.  633  pp.  7  x  10.  Cloth. 
12.00;  Half  morocco,  |2.50.     VN. 

Chambers.  Chambers's  Mathematical  Tabica:  Logarithms 
of  Numbers  1  to  108,000.  Trigonometrical.  Nautical  and 
Other  Tables.     5%x8.     Cloth.     |1.76.     VN. 

Hering,  Carl.—.  Convemilon  Tables.  214  pp.  16mo.  Mo- 
rocco.    12.50.     W,  CH,  R. 
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Plckworth.  Charles  N.^.  The  Slide  Rvle.  12th  ed.  118 
pp.  34  ills.  Table.  5x7%.  Cloth.  |1.00.  VN,  Whit- 
taker  &  Co.  and  Emmott  &  Co.,  London. 

Seaver,  Edwin  P. — .  Mathematical  Handbook,  containingT 
the  Chief  FormaUiM  with  Mathematical  Tables.  290  pp. 
6x8.     Cloth.     12.50.     McG. 

vonVegra,  Baron — ^.  Inivarlthmlc  Tables  of  Numbers  and 
Trisronometrical  Functions.  Translated  by  W.  L.  F. 
Fischer.  Slst  ed.  603  pp.  6x9.  Cloth,  12.00;  Half  mo- 
rocco. 12.50.     VN. 

^Wrentmore,  C.  Q. — .  Batter  Tables.  8^x9%.  Buckram. 
15.00.     W,  CH,  R. 

Tables.  See  also  under  subject  in  question;  Surveylnsr, 
526.97;  etc. 

512  Alffebra. 

Ohrystal,  G. — .    Algebra.    Parts  I  and  II.     Each  1 4.50.    M. 
Wentworth,  G.  A. — .     Algebra.     G. 

513  Geometry* 

Chauvenet,  William — .     Geometry.     L. 

Halstead.   George   Bruce — .     Elements   of  Geometry.     382 

pp.     Hid.     6x9.     Cloth.     ^.76.     W.  CH,  R. 
Wentworth,  G.  A. — .    Geometry.    G. 
Analytical  Geometry;  see  516. 
Deserlptlv  Geometry;  see  515. 
See  also  740,  Drawing. 

514  Trigonometry. 

Buchanan,    A.    H. — .     Plane   and    Spherical  Trigonometry. 

101  pp.     33  figs.     5%ix9^.     Cloth.     |1.00.     W,  CH,  R. 
Todhunter,    I. — .      Plane    Trigonometry    for    Colleges   and 

Schools.     Cloth.     11.30.     M. 
Todhunter  and  Leathern.     Spherical  Trigonometry.     Cloth. 

11.75.     M. 

515  DescrlptlTc  Geometry. 

Bartlett,  F.  W. — ,  and  Johnson,  Theodore — ^.  Engineering 
Descriptive  Geometry.  166  pp.  137  ills.  6x9%.  Cloth. 
S1.50.     W,  CH,  R. 

WlUson,  F.  N. — .  Descriptive  Geometry;  Pvre  and  Applied, 
and  Higher  Plane  Curves.    Hid.     4to.    Cloth.     13.00.    VN. 

See  also  740,  Drawing. 

516  Analytical  Oeometry. 

Bowser,  E.  A. — ,  An  Elementary  Treatise  on  Analytic 
Geometry.      5^x7%.      319    pp.      117    ills.     Cloth.      $1.75. 

Wentworth,  G.  A. — .  Analytical  Geometry.  301  pp.  12mo. 
Half  morocco.    $1.26.     G. 

617  Calenlns. 

Barker,  Arthur  H. — .  Graphical  Calculus.  197  pp.  61  Ills. 
8vo.     $1.50.     LG. 

Blaine,  Robert  Gordon — .  The  Calculus  and  its  Applica- 
tions.    330  pp.     79  ills.     4%x7H.     Cloth.     $1.50.     VN. 

Franklin.  William  S. — ;  MacNutt,  Barry — ;  and  Charles, 
Rollin  L.— .  Calculus.  294  pp.  122  flgs.  5%,  x  8.  Cloth. 
-,     -.       .   ,,         ,       Lehigh    Un*         *         


12.00.      F.     R.     Ashbaugh,    Lehigh    University     Supply  y 

Bureau.  Bethlehem,  Pa.  X  ^ 

Hurlburt,  Lorraln  S. — .    Differential  and  Integral  Calculus.  /  A 

499  pp.     Hid.     5V^x8%.     Cloth.     |2.25.     LG.  1^ 

Rice.  J.  M—  and  Johnson,  W,  W.— -.     Differential  and  In«  !■ 


tcgral  Calculus.    Several  different  editions  and  arrange* 
ments.     Small.  8vo.    Cloth.     |1.50  to  |3.00. 
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de  laplace,  Pierre  Simon  Marquis — .  A  Philosophical  EZs- 
say  on  Probabilities.  Translated  by  Frederick  W.  Trua- 
cott  and  Frederick  L.  Emory.  €th  French  ed.  200  pp. 
12mo.     Cloth.     12.00.     W,  CH.  R, 

Johnson,  W.  Woolsey — .  The  Theory  of  Errors  and  the 
Method  of  Least  Squares.  182  pp.  12mo.  Cloth.  $1.50. 
W,  CH,  R. 

Merriman,  Mansfield — ^.  The  Method  of  Least  Squares. 
238  pp.     8vo.     Cloth.     12.00.     W.  CH,  R. 

SaO  Astronomy. 

Doollttle,   C.   L. — .     A   Treatise   on   Practical   Astronomy. 

652  pp.     8vo.     Cloth.     |4.00.     W.  CH,  R. 
Hosmer,  Oeorsre  "U — .     Text- Book  on  Practical  Astronomy. 

Ist  ed.      214   pp.      78   ills.     7    tables.     5%  x9H.      Cloth. 

12.00.     W,  CH.  R. 
YounsT.  Charles  A. — .    A  Text-Book  of  General  Astronomy 

for   Colleeres   and    Scientific    Schools.      630    pp.      5%  x9. 

Half  morocco.     |2.76.     G. 

826  Gcodcs7« 

Cary,  Edward  R. — .     Ctoodetic  Sarvcylas.    290  pp.     100  ills. 

21  tables.     5%x8%.     Cloth.     S2.B0.^V.  CH,  R. 
Comstock.   George   C.     A  Text-Book   of  Field   Astroaoaiy 

for  Engineers.     2nd  Ed,  revised  and  enlarged.     230  pp. 

16  figs.     6  plates.     8vo.     Cloth.     |2.&0.     W.  CH,  R. 
Crandall,  Chas.  "U — ^.     A  Text  Book  on  Geodesy  and  I«cast 

Sqaarcs.      339    pp.      102    ills.      8vo.      Cloth.      |3.00.      W. 

CH.  R. 
Hayford,  John  F. — .     A  Text  Book  of  Geodetic  Astroaoaty. 

360  pp.     Hid.     8vo.     Cloth.     |3.00.     W,  CH.  R. 


Merriman,    Mansfield — .      Elements    of   Prcdsc   Sarvcrii 

and  Geodesy.    261  pp.    8vo.    Cloth.     $2.60.    W,  CH.  R. 
Least  S«aarcs«    See  619. 


826JI  SarrcyiBiT. 

Breed.  Charles  B. — ,  and  Hosmer,  George  L. — .  Principles 
and  Practice  of  Surveying. 

Vol  I.  Blemcntary  Surveying.  4th  ed.  thoroly  re- 
vised. 611  pp.  216  figs.  6x7%.  Morocco.  |3.00.  W. 
CH    R.  •  ^ 

Vol  n.  Higher  Surveying.  2nd  ed.  thoroly  revised. 
461  pp.     162  figs.     6x7H.     Morocco.     $2.60.     W.  CH.  R 

Clevenger,  S.  R. — .  A  Treatise  on  the  Method  of  Govcra- 
mcat  Surveying  as  prescribed  by  the  U.  S.  Congress  and 
Comm'r  of  the  Gen*l  Land  Office.  200  pp.  33  ills.  16mo. 
Morocco.     12.60.     VN. 

Durham,  Edward  B. — .  Mine  Surveying.  390  pp.  211  ills. 
6x7^.     Leather.     |3.60.     McG. 

Gillespie,  Wm.  M. — .  A  Treatise  on  Surveying.  New  Ed, 
revised  and  enlarged  by  Cady  Staley.  Vol  I,  PIsae 
Surveying.  Vol  II.  Higher  Surveying.  1044  pp.  587 
ills.     8vo.     Cloth.     12.60  each.     A. 

Hodgman.  F. — .  Manual  of  Land  Surveying.  514  pp.  Mo- 
rocco with  flap.     12.50.     F.  Hodgman.  Climax,  Mich. 

Ives.  Howard  Chapln — .  Surveying  Maanal.  Ist  Ed.  304 
pp.     66  ills.     4%x7.     Leather.     |2.26.     W,  CH.  R. 

Johnson.  J.  B. — .  The  Theory  and  Practice  of  Surveying. 
Revised  by  Leonard  S.  Smith.     17th  ed.  rewritten.    953 

?PcA  ^•4' *}J?i^   J   P'»*®s-      13    tables.      6Hx8>4.     Cloth. 
93.50.      W,  CH,  R. 
Merriman.  Mansfield — .  and  Brooks,  John  P. — .     Hasdbook 
for   Surveyors.      246    pp.      16mo.      Morocco.      $2.00.     W. 

CH,   R. 
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Pence,  William  D. — ,  and  Ketchum,  Mllo  B. — ^     fiurveylngr 

MannaL     4th   ed,   revised  and   enlarged.      38S   pp.     II Id. 

4)^x7.     Morocco.     |2.00.     McG. 
"Winslow,    Arthur — ,     Stadia   Surveying.      18mo.     Boards. 

$0.50.     VN. 
R«llroad  Surveylnfir;  see  also  625.1a. 
Tables;  see  also  510.8  and  526.97. 

SZeJU  Inatrvmenta* 

Baker.  Ira  O. — .  Engrlneers'  Surveying  Instruments:  Their 
Constmction,  Adjustment  and  Use.  400  pp.  86  ills. 
12mo.     Cloth.    >3.00.     W,  CH.  R. 

Plympton,  Geo.  W. — .  The  Aneroid  Baremeteri  Its  Con- 
struction and  Use.  16mo.  Boards.  $0.60.  Morocco. 
11.00.     VN. 

^Webb.  Walter  Lorlng — .  Problems  in  the  Use  and  Ad- 
justment of  Engineering  Instruments.  6th  ed,  revised 
and  enlarged.  168  pp.  l6mo.  Morocco.  11.26.  W,  CH, 
R. 

6a64»7  Computation.    Tables. 

Davis,  Arthur  P. — .     BleTatlon  and  Stadia  Tables.     6x9. 

Cloth.     11.00.     W.  CH,  R. 
Tables.    See  also  610.8. 

626.08  Topography. 

Flemer,  J.  A. — .    An  Elementary  Treatise  on  Photographle 

Methods  and  Instruments.     438  pp.    109  full  page  plates. 

8vo.     Cloth.     15.00.     W,  CH,  R. 
Haupt,    Lewis   M. — .     The   Topographer,    His   Instruments 

and  Methods.    247  pp.     Hid.     8vo.     Cloth.     S2.00.     B. 
Lea,    Samuel    Hill — .      Hydrographle    Surreylag.      200    pp. 

Hid.     6x9.     Cloth.     12.00.     McG. 
Turner,  D.  L. — .     Topographical  Record  and  Sketch  Book 

for  Use  with  Transit  and  Stadia.     96  pp.     6x7.     Boards, 

10.76;  full  leather.  $1.25.     McG. 
United  States  Coast  &  Geodetic  Survey.    The  Plane  TaMei 

Its  Use  in  Topographic  Surveying.     8vo.     Cloth.     $2.00. 

VN. 
Wilson,    Herbert   M.- 

Geodetlc  Si 

18  colored  . _ 

See  also  740,  Drawing. 


erbert   M. — .      Topographic,   Trigonometric   and 

Surveying.     3d  ed,  revised.     940  pp.     181  ills. 
>d  plates.     8yo.     Cloth.     $3.60.     W,  CH,  R. 


030  Physics. 

Carhart,  Henry  S. — .  Physics  for  University  Students. 
Part  I;  Mechanics,  Sound  and  Light.  Part  II;  Heat, 
ESlectrlclty  and  Magnetism.  Revised  ed'n.  802  pp.  384 
ills.     12mo.     Cloth.     $1.50  per  volume.     AB. 

Oanot.  Natural  Philosophy.  Translated  and  edited  by  EL 
Atkinson.  10th  ed,  revised.  772  pp.  631  ills.  7  colored 
plates.    Crown  8vo.     |2.50.     LG. 

Meteorology.    See  661.6. 

B31  Mechanics. 

Church,  Irving  P. — .  Mechanics  of  Engineering.  Revised, 
partly  rewritten.  880  pp.  661  ills.  6%  x9%.  Cloth. 
16.00.     W.  CH,  R. 

Church,  Irving  P. — .  Mechanics  of  Internal  Work  (or 
Work  of  Deformation)  in  Elastic  Bodies  and  Systems 
in  Eauilibrlum.  133  pp.  43  ills.  6x9%.  Cloth.  $1.60. 
W,  CH,  R. 

Church,  Irving  P. — .  Notes  and  Bxamplca  in  .Mechanics. 
167  pp.     178  figs.     8vo.     Cloth.     |1.80.     W.  CH,  R. 
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a  few  important  elementary  principles  which  the  savants  have 
enveloped  in  such  a  haze  of  mystery  as  to  render  pursuit  hopeless 
to  any  but  a  confirmed  mathematician." 

So  said  the  author,  John  C.  Trautwine,  in  187l» 
in  his  preface  to  the  first  edition. 
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to  the  average  civil  engineer  of  1871,  may  well  be  "plain 
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DuBois,   A.    Jay — .     The    Elementary    PrlBelple*    of    Me- 
chanics. 


Vol  I.     Klaenuitlcs.     240  pp.     S3.60. 
Vol  II.     Statics.     400  pp.     |4.00. 
Vol  III.     Klnetlea.     306  pp.     |3.60. 


8vo.     Cloth.     W,  CH.  R. 
DuBois,  A.  Jay —     The  Mechanics  of  BUafftBeerins.    Vol  I; 

669    pp.   17.50.      Vol   II;    629    pp.    $10.00.      Profusely   illd. 

Small  4to.     Cloth.     W.  CH,  R. 
Fuller,   Charles   E. — ,   and   Johnston,   Wm.   A, — .     Applied 

Mechanics.     Vol  L     Statles  and  Kiaetlea.     392  pp.     241 

ills.     6%x9H.     Cloth.     12.50.     W.  CH.  R. 
Goodman,    John —       Mechanics    Applied    to    Bnvlneerins. 

8th  ed.     605  pp.     741  ills.     Svo.     Cloth.     $2.50.     L6. 
Greene,   Chas.   EL —      Stmctaral   Mechanics.     Revised  and 


enlarged  by  A.  E.  Greene.  3d  ed'n.  256  pp.  99  figB. 
Svo.     Cloth.     12.60.     W,  CH,  R. 

Lanza,  Gaetano — .  Applied  Mechanics.  936  pp.  310  fig's. 
Svo.     Cloth.     $7.50.     W,  CH.  R. 

Maurer,  Edward  R. — .  Technical  Mechanics.  3d  Ed,  re- 
written. 356  pp.  547  flfiTS.  6x9.  Cloth.  |2.60.  W, 
CH,  R. 

Merriman.  Mansfield —  Elementa  of  Mechanics.  172  pp. 
142  flgrs.     12mo,    Cloth.     |1.00.     W,  CH,  R. 

Michie,  Peter  S. — .  Elements  of  ABaiytlcal  Mechanics. 
389  pp.     109  figrs.     Svo.     Cloth.     |4.00.     W.  CH,  R 

Spofford,  Charles  M. — .  The  Theory  of  Stroctares.  2d  ed, 
revised  and  enlar^red.  498  pp.  350  ills.  6x9.  Cloth. 
$4.00.     McG. 

^Waldram,  Percy  J. — .  The  Principles  of  Structural  Me- 
chanics.    395  pp.     203  ills.     5x8.     Cloth.     |3.00.     VN. 

Weisbach,  Julius — ^.  A  Manual  of  Theoretical  Mechanics. 
Translated  from  the  German  by  Eckley  B.  Coxe.     1100 

Wpp.     902  ills.     Svo.     Cloth.  16.00;  Sheep,  |7.50.     VN. 
ood,    DeVolson — ^.      The    Elements    of    Analytical    Me- 
chanics.     500    pp.      200    tiga.      Svo.      Cloth.      $3.00.      W, 
CH.  R. 

Wood.  DeVolson — ^.  Principles  of  Elementary  Mechanics. 
367  pp.     192  fifiTS.     12mo.     Cloth.     $1.26.     W,  CH,  R. 

Woodward.  Calvin  M. — .  Rational  and  Applied  Mechanics. 
625  pp.  486  ills.  6x9.  Cloth.  |4.00.  Nixon-Jones 
PrintinsT  Co.,  215  Pine  St..  St.  Louis,  Mo. 

Wrigrht,  T.  W. — .  Elements  of  Mechanics;  includingr  KInc-* 
matlem  Kinetics  and  Statics.  8th  ed,  revised.  Svo. 
Cloth.     12.50.     VN. 

Ziwet,  Alexander — .  Elements  of  Theoretical  Mechanics. 
Cloth.     14.00.     M. 

Ziwet,  Alexander — ,  and  Field.  Peter — .  Introduction  to 
Analytical  Mechanics.     378  pp.     7V^x5.     |1.60.     M. 

See  also,  532,  Hydromechanfcs;  620.1,  Strgth  of  Matls; 
621.8,  Transmission  Mechanism;  624.  Brid^res;  721.  Con- 
struction. 

0S1^  Statics. 

Johnson.    Lewis    Jerome — ^.      Statics    by    Alsebraie    and 

Graphic  Methods.     2d  ed,  revised  and  enlarsred.     180  pp. 

70  Ills.      13  plates.     5%x9%.     Cloth.     |2.00.     W,  CH,  R 
Lock.  J.  B.— .     Blcmentary  Statics.     Cloth.     |1.10.     M. 
Malcolm.  Charles  W. — .     A  Text  Book  on  Graphic  Statica 

330  pp.     155  ills.     6x9%.     Cloth.     |3.00. 
See  also  620.1,  Strgrth  of  Matls;  and  624,  Bridges. 

BSIJI  Dynamics. 

Ferry,   Ervin  S. — .     Elementary  Dynamics.     182   pp.     121 

ills.     5%xS9i.     Cloth.     11.25.     M. 
Lock.  J.  B. — .    Elementary  Dynamics.     Cloth.     |1.00;  Key, 

$2.26.     M. 
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mentarr   Treatise   on   Dynamics.      576    pp.     Crown   8iro. 
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R31.4  IVork.    Prietlonu 

Thurston,  Robt.  H. — .  Treatise  on  Friction  und  Lost 
Work  in  Machinery  and  Mill  Work.  7th  ed.  441  pi». 
Hid.     8vo.     Cloth.     13.00.     W,  CH,  R. 

531.7  Power. 

Flather.  J.  J. — .  Dynamometers,  and  the  Measurement  of 
Power.  New  ed,  revised  and  enlargred.  408  pp.  125  flffs. 
12mo.     Cloth.     $3.00.     W.  CH,  R. 

Saa  Hydromeehanlcs* 

Bovey,  Henry  T. — .  A  Treatise  on  Hydraulics.  2nd  ed, 
rewritten.  600  pp.  330  tLga.  8to.  Cloth.  |5.00.  W. 
CH,  R. 

Bowser,  E.  A. — .  An  Blementary  Treatise  on  Hydrome- 
chanics.    6th  ed.     12mo.     Cloth.     |2.60.     VN. 

Coffin,  Freeman  C. — ,  The  Graphleal  Solation  of  Hydraulic 
Problems.  2d  ed.  86  pp.  36  Diagrams.  16mo.  Mo- 
rocco.    12.50.     W,  CH.  R. 

Fidler,  T.  Claxton — .  CalealatloMs  in  Hydraulic  Elnsrlneer- 
Ingr.  Part  I.  Fluid  Presaare  and  the  Calculation  of  Its 
Effects  in  Engineerincr  Structures.  Hid.  8vo.  $2.50. 
LG. 

Oarrett,  A.  ff. — .  Hydraulic  Tables  and  DlairnuMi  for 
Practical  Ensrineers.  47  pp.  Hid.  24  plates.  54  tables. 
14%  X  9%.     Cloth.     15.00.    XG. 

Hosklns,  L.  M. — .  Text  Book  of  Hydraulics;  Including  an 
Outline  of  the  Theory  of  Turbines.  Fully  Hid.  Numer- 
ous tables.     8vo  demy.     10s  6d.    AC. 

Hushes.  Hector  J. — ,  and  Saftord,  Arthur  T. — .  A  Treat- 
l»e  on  Hydraulics.  521  pp.  6  plates,  177  tigs.  78  tables. 
6x9.     Cloth.     |3.75.     M. 

Merriman.  Mansneld — .  dements  of  Hydraulics.  162  pp. 
86  figs.     5x7%.     Cloth.     |1.00.     W,  CH,  R. 

Merriman,  Mansfield — .  With  the  assistance  of  Thaddeus 
Merriman.  Treatise  on  Hydraulics.  9th  ed,  revised  and 
reset.  37th  thousand.  575  pp.  224  ills.  6%  x9%.  Cloth. 
14.00.     W.  CH,  R. 

Molitor,  David  A. — .  Hydraulics  of  Rivera,  Welm  and 
Slnlces.  147  pp.  72  flgrs.  2  plates,  and  tables.  5%  x9%. 
Cloth.     12.00.     W,  CH,  R. 

'Russell.  George  E. — .  Textbook  of  Hydraulics.  190  pp. 
6x9.     12.50.     Henry  Holt  ft  Co..  New  York. 

Smith,    Frederick    A.—.      The   Primer   of   Hydraulica.      217 

gp.     105  figs.    Tables.     5x7.     Cloth.     |2.50.     Frederick  A. 
mlth.  Chicago.  111. 
Unwin.  William  Cawthorne —      A  Treatise  on  Hydraulics. 

327  pp.     149  ills.     5%x8%.     Cloth.     |5.00.     BC. 
Williams.   Gardner   S. — ,   and   Haxen.   Allen — .     Hydraulic 

Tables.      2d    ed.    revised    and    enlarged.      110    pp.      Hid. 

5%x9%.     Cloth.     $1.50.     W,  CH.  R, 
See  also  under  531,  Mechanics. 
Hydraulic  Bngineering.    See  626-7. 
Hydraulic  Motors.     See  621.2. 
i;%'aterworks.    See  628.1. 

SS2.5  Fluids  In  Motion. 

Baasin,  H.-—.  Experiments  upon  the  Contmetlon  •f  tbe 
Uonld  Vein  Issuing  from  an  Orifice.  Translated  by 
John  C.  Tnautwlne  Jr.     8vo.     Cloth.     $2.00.     W,  CH.  R. 

^ml"*l?ii'  ^T"-  A  11^  S!  Hydrodynamics.  186  pp.  48 
ills.     6Hx8%.    Cloth.    12.60.    SC. 
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'Flynn,  P.  J. — .  Hydraulic  Table*  for  the  Calculation  of 
m©  DischarKO  thru  Sewers.  Pipes  and  Conduits.  Based 
on  Katter'n  Formala.     18mo.     Boards.     |0.50.     VN. 

T*ranci8.  J.  B. — .  Lowell  Hydraalie  Experiments.  4th  ed. 
revised  and  enlarged.  23  engrravings.  4to.  Cloth. 
115.00.     VN. 

Herschel.  Clemens — .  115  Experiments  on  the  Carrying 
Capacity  of  LArge  Riveted  Metal  Coadults.  130  pp. 
Hid.     8vo.     Cloth.     $2.00. 

Hewes,  L.  I. — ,  and  Roe,  Joseph  W. — . 

A  Graphic  Solution  of  Katter*ii  Formnla.  2  pp.  Foldinsr 
Diagram.  Paper.  Am  Inst  Mining  Engineers.  29  w. 
39th  St..  New  York. 

Kutter,  W.  R. — ,  and  Gangulllet,  E. — .  A  General  Formula 
for  the  Uniform  Flow  of  "Water  in  Rivers  and  other 
Channels.  (Knttcr^ii  Formnla).  Translated  by  Rudolph 
Hering  and  John  C.  Trautwine  Jr.  263  pp.  8vo.  Cloth. 
14.00.     W,  CH,  R. 

Moore,  E.  C.  S. — .  New  Tablea  or  the  Complete  Solution 
of  Ganguillet  and  Knttcr'a  Formula  for  the  Flow  of 
Liquids  in  Open  Channels,  Pipes,  Sewers  &  Conduits. 
2    parts.      Large    folding   diagram.      8vo.      Cloth.      15.00. 

Smith,  Hamilton*,  Jr. — .  Hydraulics;  the  Flow  of  Water 
thru  Orlfleen,  over  Weir**  and  thru  open  Conduits  and 
Plpea.    362  pp.     9^x12^.     Cloth. 

Weston.  Edmund  B. — .     Tables  showing  Loaa  of  Head  due 

to    Friction    of   Water   in    Pipes.      171    pp.      4x6.      Flex 
leather.     |1.50.     VN. 
See  also  under  628.1,  Waterworks. 

533  Pnenmatlca. 

Blowem,  PunpM.     See  621.6. 
Meteorology.    See  551.5. 

See  also  under  531  and  532,  Mechanics  and  Hydrome- 
chanics. 

536  Heat. 

Ennis.  Wm.  D. — .    Applied  Thermodynamics  for  Engineers. 

438  pp.     316  ills.     6^x9%.     Cloth.     14.50.     VN. 
Shealy.  E.  M.— .     Heat.     262  pp.     110  ills.     6x9H.     Cloth. 

12.00.     McG. 
Heating  and  Ventilating.     See  697. 
Steam.    See  621.1. 

537-8  Blectrlelty  and  Magnetism. 

Gerard,  Eric — .     Electricity  and  Magnetism.     Chapters  by 

C.    P.    Steinmetz,   A.    E.    Kennel ly,   Cary   T.   Hutchinson. 

Translated  under  dir'n  of  Louis  Duncan.     392   pp.     112 

ills.     6x9.     12.50.     McG.  ^ 

Houston,  Edwin  J. — ,  and  Kennelly,  A.  E. — .     Magnetism. 

2d  ed.     314  pp.     97  ills.     5x6^.     11.00.     McG. 
Electrical  Machines  and  Instmments.     See  also  621.3. 

540  Chemistry. 

Benson.  Henry  K. — .  Indastrlal  Chemistry  for  Engineer- 
ing Students.     431pp.     5x8.     Cloth.     11.90.     M. 

Ostwald.  Wilhelm — .  The  Fundamental  Prinelples  of 
Chemistry.  Translated  by  Harry  W.  Morse.  349  pp. 
65  1118.     5Hx8%.     Cloth.     12.25.     LG. 

Phillips.  H.  J. — .  Engineering  Chemistry.  3d  ed.  revised 
and  enlarged.     8vo.     Cloth.     |4.50.    VN. 

Potahle  Waters.    See  628.1  and  628.16. 
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860  Oeolosjr. 

Dana — Ford.     Dana's  Manual  of  Mlneralosy    By  Wm.    S. 

Ford.     13th  ed,  entirely  revised  and  rewritten.     468  pp. 

3B7  ills.     10  plates.     5%x7%.     Cloth.     $2.00.    W,  CH.    R. 
Farrell.   J.    H. — .     Practical   Field    Geolofiry.      IncludinfiT     & 

Slide  to   120  common  or  important  minerali;   by   A.    J. 
OSes.      286    pp.      66   ills.      4    tables.      6x7%.      Leather. 

12.60.     McG. 
Kemp,   J.   F. — .     A  Handbook  of  Rocks.     3d  ed.   revised. 

Hid.     8vo.     Cloth.     11.50.     VN. 
Ries,  Heinrlch — ,  and  Watson.  Thomas  L. — .    EaclBCostssK 

Geolosry.     2d  ed.  enlarsped.     749  pp.     249  ills.     104  plates. 

6x9.     Cloth.     14.00.     W,  CH,  R. 
Tarr,   R.   S. — .     Bconomlc   Geolo&ry   of   the   United    States. 

8vo.     Cloth.     13.50.     M. 
Tillman,  S.  £. — .     A  Text-book  of  Important  BUiicrals  and 

Rocka.     2d  ed,   sevised.     185   pp.     88  flffs.     8vo.      Clotli. 

12.00.     W,  CH,  R. 
Bnlldlnv  Stoacs.     See  691.2. 
Minlnir-    See  622. 

651J(  Meteoroloffy. 

Russell,   Thomas — ,     MeteorolosT.     300   pp.      29   flgs.      22 

plates.     6x9.     Cloth.     |4.00.    If. 
Waldo,  Frank —      Blementary  Meteorologry*     873  pp.     121 

plates   and   ills.      5x7.     Cloth.     |1.50.     American   Book 

Co.,  Philadelphia,  Pa. 

•00         IJscfBl  Arts. 

Schlomann.   Alfred — .     Illustrated   Tccknlcal  DIetlonariea. 

in  EnETlish,  (German,  French.  Russian,  Italian  and  Span- 
ish. Contents  of  volumes; — I,  Elements  of  Machinery; 
II,  Electrical  Engineering;  III,  Steam  Boilers.  Engines 
and  Turbines;  ivT  Internal  Combustion  En^nes;  V,  Ry 
Construction  and  Operation;  VI,  Ry  Rolling  Stock:  VII. 
Hoisting:  and  Conveying  Machinery;  VIII,  Reinforced 
Concrete  in  Sub-  and  Superstructure;  IX,  Machine  Tools: 
X.  Motor  Cars,  Boats  and  Air  Ships;  XI,  Metallurgy: 
XII,  Hydraulics;  XIII,  Ironwork  Construction.  Further 
vols  in  prep'n.  Each  vol  averages  about  700  pp,  1500 
ills,  13.00.     Vol  II;  2100  pp,  4000  ills,  $7.00.     Cloth.     McO. 

•10  Mcdldac 

Dulles.    Charles    W. — .      Accidents    and    BoBcrgCBclea.      A 

Manual  of  the  Treatment  of  Surgical  and  Medical 
Emergencies  in  the  Absence  of  a  Physician.  154  pp. 
Hid.  4%x7%.  Cloth.  P.  Blakiston's  Son  &  Co.,  Phila. 
Rosenau,  Milton  J. — .  PrcTcntivc  Medicine  and  Hygiene. 
1074  pp.     157  ills.     Cloth.     |6.00.     A. 

nao  Bnginecring. 

American  School  of  Correspondence.  Standard  Cyclo- 
vedlas  for  Reference  and  Home  Study.  7  x  10.  Half 
Morocco.  $5.00  per  vol.  American  School  of  Corre- 
spondence, Chicago,  111. 
"    N.— .     fin    - 


Baker,   M.    N. — .     Maniclpal   Engineering  and   Sanitation. 

317  pp.     6x7%.     Cloth.     11.25.     M. 
Black.  W.  M.— .     The  United  States  Pmblic  Wovks.    284  pp. 
^  66  ills.     Oblong  4to.     Cloth.     |6.00.     W,  CH,  R. 
Fowler,  Charles  E. — .     Law  and  Bnslncss  of  Engineering 

and  Contracting.     162  pp.     6x9.     |2.60.     McQ, 
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HarinfiT,  Alexander — .     The  JLaw  of  Coatmet.    Engr^neerlns 

Law,  Vol  I.     510  pp.     6x9.     Cloth.     $4.00.     C. 

Haawell,  Charles  H. — .     Mechanic's  and  Bngrineer's  Pocket 

Book.    Hid.    Ldmp  leather  pocket-book  form.     |4.00.    SC. 

Haupt,  Lewis  M. — .     A  Manual  of  Engineering:  Spectflca- 

tlons  and  Contracts.    328  pp.     Hid.     8vo.     Cloth.  $2.00.   B. 

li^fltte,  Verein — .  Des  Insenlenrs  Taachenbach.  2l8t  ed. 
3  vols.  3334  pp.  4544  ills.  4%x7%.  Cloth.  |7.20; 
leather,  $8.40.     Wllhelm  Ernst  &  Sohn,  Berlin.  Germany. 

International  Textbook  Co.  International  Library  of 
Tedinoloary.  6x9.  %  morocco.  $6.00  per  voL  Interna- 
tional Textbook  Co.,  Scranton,  Pa. 

Johnson,  J.  B. — .  Engineering  Contractu  and  Spedflca- 
tlono.     3d  ed.     6x9.     Cloth.     $3.00.     McG. 

Kirby,  Richard  Shelton — .  The  Elements  of  Spcclflcatlon 
Writing.     132  pp.     6x9.     Cloth.     $1.25.     W,  CH,  R. 

Moles  worth.  Sir  Guilford  L. — ,  and  Moles  worth,  Henry 
Bridges — .  Pockct-Book  of  Useful  Formulae  and  Memo- 
randa for  Civil,  Mechanical  and  Electrical  Engineers. 
27th  ed,  revised  and  enlarged.  944  pp.  800  ills.  5x3%. 
Cloth.     $2.00.     SC.  ^   ^ 

Tucker,  James  Irwin — .  Contracts  In  Engineering.  Ist 
ed.     319  pp.     Hid.     6^x9%.     Cloth.     $3.00.     McG. 

United  States  War  Dept.  Engineer  Field  Manual.  Pre- 
pared under  direction  Chf  of  Engineers,  U.  S.  Army.  4th 
ed,  revised.  499  pp.  250  ills.  4^x6%.  Leather.  $1.00. 
U.  S.  War  Dept,  Washington,  D.  C. 

Waddell,  J.  A.  L.— ,  and  Wait,  John  C. — .  Spcdllcatlona 
and  Contract* s  with  Notes  on  Law  of  Contracts.  174 
pp.     6x9%.     Cfloth.     $1.00.     McG. 

Wait,  John  Cassan — .  Engineering  and  Architectural 
Jnrispmdcncc.  985  pp.  8vo.  Cloth,  $6.00;  Sheep,  $6.50. 
W,  CH.  R. 

See  also  620.e,  Efficiency  Engineering. 

620«e  Civil  Engineering. 

Anthony,   Charles  C. — .     Standard   Forms   of  Field  Notes 

for  Civil  Engineers.     55  pp.     17  plates.     4%x7.     Flex- 
ible.    $1.00.     McG. 
Foerster.    Max — .     Taachcnbnch   fttr  Baulngcnlcnrc.      1927 

pp.      2723    flgs.      4%,  x7%.      Cloth.      20    marks.      Julius 

Springer,  Berlin,  Germany. 
Frye.  Albert  I. — .     Civil  Engineer's  Pockctbook.     1658  pp. 

1200  ills.     600  tables.     4x7.     Flex  leather.     $5.00.     VN. 
Gillette,   Halbert   P.—.      Handbook   of   Coat   Data.     2d   ed, 

revised.     1900  pp.     Hid.     4%x7.     Morocco.     $5.00.     C. 
HUtte,   Verein — .     Des   Ingenieurs  Tasckcnbach.     Vol   III; 

HUtte   des    Banlngcnlcnm. .    21st   ed.      4%x7^.      Cloth. 

$3.60;    leather,    $4.00.      Wilhelm    Ernst    &   Sohn.    Berlin, 

Germany. 
Merriman,    Mansfield — ,    editor-in-chief.      American    Civil 

Engineers'    Pocket    B(N>k.      3d    ed,    enlarged.      1581    pp. 

1300   ills.      530   tables.      4^x7^.      Leather.      $5.00.     W, 

CH,  R. 
Moll  tor,  F.  A. — and  Beard,  E.  J. — .     Manual  for  Resident 

Einglnccr«»  containing  Genl  Information  on  Construction. 

122  pp.     16mo.     Cloth.     $1.00.     W,  CH,  R. 
Patton,  W.  M. — .    A  Trcatlac  on  Civil  Engineering.     2d  ed, 

corrected.     1672  pp.     468  flgs.     8vo.     Half  leather.     $7.50. 

W,  CH,  R. 
Rankine,   Wm.    John    Macquorm — .      Mannal    of   Civil    En- 
gineering.    Revised  by  W.  J.   Millar.     24th  ed,  thoroly 

revised.     822  pp.     800  ills  and  diagrams.     5^x8.     $6.50. 

VN. 
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TrautwinOt  John  C. — .  The  Civil  Engrineer's  Pockiet^Book. 
Revised  by  John  C.  Trautwine  Jr.  and  John  C.  Traut- 
wine  3d.  20th  ed.  140th  thousand.  About  1600  pp.  Hid. 
Flex,  bindinir.  Thum-indext.  |6.00.  Trautwine  Com- 
pany. 257  S.  4th  St..  Philadelphia,  Pa. 

Trautwine,  John  C. — .  Manval  del  iBsenlero.  Revisado 
por  John  C.  Trautwine  Jr.  y  John  C.  Trautwine  3d. 
Traducido  de  la  19a  ediclon  (1913)  y  convertido  al  Sis- 
tema  Metrico  por  Alberto  Smith,  I.  C.  1st  ed.  1273  pp. 
Hid.  5x7.  Flex  binding:.  16.26.  Dr.  Alberto  Smith. 
Central  San  Ignacio,  Agrramonte,  Cuba. 

Vernon-Harcourt,  Leveson  Francis — .  Civil  Enpineeringr 
as  Applied  to  Construction.  Revised  by  Henry  Fidler. 
2d  ed,  revised.  640  pp.  368  tlga.  6x9.  Cloth.  |5.00. 
LG. 

620.0  ElllclencT  BngrlBeeTlnir* 

Brandels,    Iiouis    D. — .       Scientific    ManavemoBt.      92    pp. 

6^x9^.     Cloth.     12.00.     Industrial   Managrement,   6   B. 

•    39th  St.,  New  York. 

Emerson,  Harringrton — .  Efficiency  as  a  Basis  for  Opera- 
tion and  Wagpcs.  172  pp.  12mo.  Cloth.  |2.00.  Indus- 
trial Management,  6  E.  39th  St.,  New  York. 

Emerson,  Harringrton — .  Twelve  Prlnclplca  of  Efficiency. 
448  pp.  7^x5.  Cloth.  |2.00.  Industrial  Managrement. 
6  E.  39th  St.,  New  York. 

Gllbreth,  P'rank  B. — .  Field  System.  With  prefatory  es- 
say by  J.  P.  Slack.  194  pp.  Hid.  4^x69^.  Leather. 
•3.00.     C. 

Gilbreth,  Frank  B. — .  Motion  Stvdy.  With  introduction 
by  Robert  Thurston  Kent.  139  pp.  44  ills.  6%x8. 
Cloth.     12.00.     VN. 

Taylor,  Frederick  Winslow — .  The  Prlndpleii  of  Scientific 
Managrement.  144  pp.  6x9.  Cloth.  |1.60.  Harper  & 
Bros.,  New  York. 

620.1  Indezcfl. 

The  Rngrineering:  Index. 

Vol  I.  1884-91  incl.  475  pp.  Edited  and  publisht  by 
Association  of  Engrineering  Societies,  81  Milk  St.,  Bos- 
ton, Mass.     15.00.     Out  of  print. 


Vol  ri.     1892-5   incl.     474  pp.     Edited  bv  Association  of 
Enffineeringr     Societies.        Publisht     by     Ej     " 
Macrazine,  New  York.     |6.00.     Out  of  print. 


Eng'ineering-     Societies.       Publisht     by     Enffineeringr 

Macrazine,  New  York.     |6.00.     Out  of  print. 
Vol  III.     1896-1900   incl.      1034   pp.      |7.50.     Engrineeringr 

Magazine,  New  York. 
Vol    IV.      1901-5    incl.      1234    pp.       |7.50.      Engrlneerlngf 

Mag^azine,  New  York. 
The  Engineering  Index  Annual.     Issued  1  vol  each  year, 
1906.  etc.     About   500   pp   per  year.      |2.00   to   13.00   per 
year.     Engineering  Magazine,  New  York. 

620.1  Strenctb  of  Material*. 

American  Society  for  Testlnflr  Material*.    Year  Booftu     500 

pp.  6x9.  Cloth.  Am  Soc  for  Testing  Materials.  Uni- 
versity of  Pennsylvania,  Philadelphia,  Fa. 

Bovey,  Henry  T. — .  Strength  of  Materials  and  Theory  of 
Structures.  4th  ed.  rewritten  and  enlarged.  981  pp. 
943  flgrs.     8vo.     Cloth.     |7.50.    W.  CH,  R. 

Burr,  William  H. — .  The  Elasticity  and  Resistance  of  the 
Materials  of  Engineering.  7th  ed,  revised.  947  pp. 
Hid.     6x9.     Cloth.     15.50.     W,  CH,  R. 

Hatt,  William  Kendrick — ,  and  Scofleld,  H.  H. — ,  labora- 
tory Mannal  of  Testlnv  Materials.  135  pp.  28  ills. 
7%x6%.     Cloth.     11.26.     McG. 
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Intemational  AMioclatlon  for  Testlas  MateHaUk 

Inira  of  the  Sixth  Congress,  New  York,   1912.      (Foreign 

fapers,  etc  translated  into  English.)     2  vols.     2200   pp. 
lid.     6x9.     Cloth,  18.00;  Paper.  17.00.     McG. 
Merriman,   Mansfield —       Strenerth    of   Materials      6th    ed. 

revised  and  enlargred.     16th  thousand.     179  pp.      54   Ills. 

5x7%.     Cloth.     11.00.     W.  CH.  R.    . 
Morley,  Arthur — ^.     Strength  of  Materials.     3d  ed.     506  pi.. 

244  ills.     6x9.     Cloth.     $2.50.     L.G. 
Murdock,  H.  E. — .     Strength  of  Materials.     2d  ed.   revised 

and  enlarged.     367  pp.     156  ills.     5x7%.     Cloth.      $2.00. 

W.  CH,  R. 
Unwin.  William  Cawthorne — ^.     The  TeatUig  of   Bfaterials 

of   Construction.      3d   ed.      490   pp.      206  Ills.      6    plates. 

5%x8%.     Cloth.     15.00.     L6. 
Wlnslow,  BenJ.  E. — .     Tables  and  Diagrams  for  CaJcatat- 

lag   the  Strength  of  Beams   and   Colnntns.     53    pp.      19 

full-page  plates.     12x9  oblong.     Cloth.     12.00.     McG. 
See  also  721.  Construction;   624.   Bridges;   691,  etc,    Matls; 

531,  Mechanics;  631.2,  Statics. 

621  Mechanical  Bnglnccrlng* 

Clark,  D.  Kinnear — .  The  Mechanical  Engineer's  Packet- 
Book  of  Tables,  Formulae.  Rules  and  Data.  6th  ed. 
700  pp.     Small  Svo.     Leather.     6s.     CU 

Greene,  Arthur  M. — .  Jr.  Heat  Engineering.  476  pp.  198 
ills.     6x9.     Cloth.     14.00.     McG. 

Kennedy,  R. — .  Modem  Engines  and  Power  Gcncrntorai 
Steam,  Electric,  Water  and  Hot  Air.  6  vols.  Tables. 
Hid.    8x10%.    Cloth.    115.00.    SS.OO  per  voL    VN. 

Kent,  William — .  Mechanical  Engineez's  Poclcct-Book. 
Revised  by  the  Author  and  Robert  Thurston  Kent.  9th 
ed,  rewritten  and  enlarged.  1567  pp.  250  Ills.  4%  x7. 
Leather.    $5.00.    W,  CH,  R. 

Marks,  Lionel  S. — ,  editor-in-chief.  Mechanical  Engi- 
neer's Handb<H>k.  1800  pp.  1000  Ills  and  diagrams. 
4%x7.     Leather,  gilt  edges,  thum-indext.     16.00.     McG. 

Perry,  J. — .  The  Steam  Engine  and  Gas  and  OU  Engines. 
325  pp.     6x9.     Cloth.     |3.25.     M. 

Suplee,  Henry  Harrison —  The  Mechanical  Engineer's 
Reference  Book.  4th  ed,  revised  and  enlarged.  964  pp. 
4x7.     Leather.     $5.00.     L. 

Unwin,  W.  Cawthorne — ^.  The  Elements  of  Machine  De- 
sign. Part  I.  New  ed,  revised  and  enlarged.  531  pp. 
387  figs.     54  tables.     5%x9.     Cloth.     $2.50.     LG. 

See  also  621.8,  Transmission  Mechanism. 

921.1  Steam  Engineering. 

Benjamin.  Charles  H. — .  The  Steam  Bnglne.  822  pp.  198 
ills.  6x9.  Cloth.  $3.00.  The  Technical  Press.  Brattle- 
boro,  Vt. 

Ewing,   J.   A. — .     The  Stenm-Enfrine  and  Other  Heat-En- 

fines.  3d  ed.  revised  and  enlarged.  604  pp.  275  flgs. 
%  x8%.  Cloth.  88.76.  G.  ^  Putnam's  Sons;  The  Uni- 
versity Press.  Cambridge,  England. 

Gebhardt.  G.  F. — .  Steam  Power  Plant  Engineering.  4th 
ed,  revised  and  enlarged.  1006  pp.  605  ilia  6%x9%. 
Cloth.     $4.00.     W.  CH,  R. 

Heck,  Robert  C.  H. — .  The  Steam  Engine  and  Tnrbine.  A 
Textbook  for  engineering  students.  Revised,  rewritten 
and  abridged.  631  pp.  402  ills.  Tables  and  curvea 
6x9.     Cloth.     $8.60.     \^. 

Heck.  Robert  C.  H. — .  Steam  Engine  and  Other  Steam 
Motors.  Vol  I;  The  Thermodynamics  and  the  Mechanics 
of  the  Engine;  $3.50.  Vol.  H,  Form,  Construction  and 
Working  of  the  Engine:  The  Steam  Turbine;  678  pp: 
15.00.     Both  vols  Hid,  Svo,  Cloth.     VN. 
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Holmes,  Oeorgre  C.  V. — .  The  Steam  finslne*  13th  im- 
pression.    212  ills.     Crown  8vo.    |2.00.     LQ. 

Hutton,  Frederic  Remsen — ,  The  Mechanical  Encrineerinfi: 
of  Steam  Power  Plants.  3d  ed,  rewritten.  86$  pp.  697 
ills.     6%x9%.     Cloth.     $5.00.     W,  CH,  R. 

K.ing,  William  R.— .  Steam  Ensineeringr.  A  Textbook. 
459  pp.     177  1118.     6%x9%.     Cloth.     |4.U0.     W.  CH.  R. 

Meyer.  Henry  C. — ,  Jr.  Steam  Power  Plants.  3d  ed,  fully 
revised.  219  pp.  67  ills.  21  folding  plates.  33  tables. 
6x9%.     Cloth.     12.00.     McG. 

Pray,  Thomas — ,  Jr.  Steam  Tables  and  Bnstne  Constants. 
Compiled  from  Regrnault,  Rankine  and  Dixon.  8vo. 
Cloth.     S2.00.     VN. 

Spangler,  H.  W. — ,  Greene  Jr.,  Arthur  M. — ,  and  Marshall, 
S.  M. — ,  Elements  of  Steam  Engrlneeringr.  2d  ed.  revised 
and  enlarsred.  302  pp.  290  flers.  8vo.  Cloth.  $3.00. 
W,  CH,  R. 

Thurston,  Robert  H. — .  Stationary  Steam  Engines.  7th 
ed,  revised  with  additions.  353  pp.  Profusely  illd  with 
flgrs  and  plates.     8vo.     Cloth.     $2.o0. 

Thurston,  Robert  H. — .  A  Blannal  of  the  Steam  Engrine. 
Part  I;  History,  Structure,  Theory;  6th  ed.  Part  II; 
Desiern,  Construction,  Operation;  4th  ed,  revised  and  en- 
larged. 1000  pp  each.  Very  fully  illustrated.  8vo. 
Cloth.     Elach,  S6.00;  Both.  $10.00.     W.  CH,  R. 

Whitham,  Jay  M. — .  Steam  Engine  Design*  402  pp.  210 
ills.    8vo.     15.00.     W. 

621.18  Locomotives. 

American  Ry  Master  Mechanics'  Ass'n.  Locomotive  Dic- 
tionary. Edited  by  Roy  V.  Wright.  901  pp.  2574  ills. 
9x12.     Morocco,  $6.00;  Cloth,  |4.00.     McO. 

Forney,  Matthias  W. — .  Catechism  of  the  Locomotive. 
See  Fowler,  George  L. — . 

Fowler,  George  L. — .  Forney's  Catechism  of  the  Locomo- 
tive. Part  I;  3d  ed,  revised  and  enlarged,  52nd  thousand, 
644  pp,  475  ills.  Part  II;  3d  ed,  revised  and  enlarged, 
293  pp,  199  ills.  Each  6x9,  Cloth,  13.00.  $5.00  per  set. 
McG. 

621.16  Stationary  Engines. 

621.165  Steam  Turbines. 

Martin,  Harold  Medway — .     The  Design  and  Construction 

of  Steam  Turbines.     A  Manual  for  the  Engineer.     380 

Ep.      499   ills.     24   folding  plates.     8x11.     Cloth.      $8.50. 
.G;  "Engineering,"  London. 
Roe,  Joseph  Wickham — .    Steam  Turbines.    A  Short  Treat- 
ise on  Theory,  Design  and  Field  of  Operation.     143  pp. 
72  figs.     6^x9%.     Cloth.     $2.00.     McG. 

J21.18  Steam  Generation. 

Brislee,  F.  J. — .  An  Introduction  to  the  Study  of  Fuel. 
291  pp.     61  figs.     5x9.     Cloth.     $3.00.     VN. 

Kent,  William — .  Steam  Boiler  Beonomy,  472  pp.  126 
figs.     8vo.     Cloth.     $4.00.     W,  CH,  R. 

Marks.  Lionel  S. — ,  and  Davis,  Harvey  N. — .  Tables  and 
Diagrams  of  the  Thermal  Properties  of  Saturated  and 
Superheated  Steam.  106  pp.  8  figs  and  2  folding  dia- 
grams.    6^x9%.     Cloth.     $1.00.     LG. 

Peabody,  Cecil  H. — .  Tables  of  the  Properties  ol  Steam 
and  Other  Vapors,  and  Temperature-Entropy.  Revised 
by  the  Author  and  Harold  A,  Everett.  8th  ed,  rewritten. 
138  pp.     2  figs.     6%  x9%.     Cloth.     $1.00.     W,  CH,  R. 

Snow,  Walter  B. — .  Steam  Boiler  Practice.  307  pp.  24 
figs.     8vo.     Cloth.     $3.00.     W,  CH,  R. 
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Thurston,  R.  H. — .  A  Manual  of  Steam  BoUen*  their  De- 
sign, Construction  and  Operation.  7th  ed,  revised.  899 
pp.     244  ngs.     8vo.     Cloth.     $6.00.     W.  CU,  R. 

Steam  Hcatinv.    See  697. 
62i:a  Water  Bsiriiies  and  Motors. 

Church,  IrvinflT  P-— •     Hydranlie  Motors.     289  pp.     130  fife^ 
8vo.     Cloth.     12.00.     W.  CH,  R. 

Wood,  DeVolson — ,  Tnrblaes.  2d  ed,  revised  and  en- 
largred.     149  pp.     62  flers.     Svo.    ^loth.    |2.&0.     W,  CH.  R. 

See  also  632,  Hydromechanics. 

~  See  621.6. 


921Ji  Blectrieal  BnffiiieeriBsr. 

Burch,  Edward  P. — .  Electric  Traction  for  Railway 
TraiMU     694  pp.     183  tigs,     6x9^.     Cloth.     |6.00.     McG. 

Christie,  Clarence  V. — .  Electrical  Engineering;  The 
Theory  and  Charaeterlstfcs  of  Electrical  Currents  ant* 
Machinery.     429  pp.    378  ills.     6x9.     Cloth.     $4.00.     McG. 

Foster,  Horatio  A. — .  Electrical  Engineer's  Pocketbook. 
7th  ed.  revised.  1636  pp.  1128  Ills.  718  tables.  4H  x7. 
Flexible  leather.    $6.00.    VN. 

Fowle,  Frank  F. — ,     See  McGraw-Hill  Book  Co.,  Inc 

Gray,  Alexander — ^.  Prlneiples  and  Pmctiee  of  Electrica* 
Engineering.  412  pp.  449  ills.  7x10.  Cloth.  |3.00. 
McG. 

Hitt,  Rodney — .  Electrical  Railway  DIetlonary.  Compila- 
tion supervised  by  Am  Electric  Ry  Assn.  1st  ed.  365 
pp.     1987  ills.     9  X 12.     Full  morocco.     |6.00.     McG. 

Hobart,  H.  M. — ,  editor.  A  DIetlonary  of  Electrical  En- 
gineering.  2  vols.  664  pp.  Hid.  7HxlO%.  Half  mo- 
rocco.    $10.00.     Lb 

Karapetoff,  V. — w  Experimental  Electrical  Engineering. 
2d  ed,  corrected.  Vol  1;  470  pp,  328  ills,  6x9^,  Cloth. 
$3.60.  Vol  II;  Manual  of  Electrical  Testing  for  En- 
gineers and  StudenU  in  Engineering  Labs,  347  pp.  209 
flls.  6x9%,  Cloth,  $2.60.     W,  CH,  R. 

Koester,   Frank — ,     Hydroeiectrle  Developments  and   En- 

fineering.     2d  ed.      475   pp.     600  ills.     45   tables.     1%  x 
0%.    Cloth.     16.00.     VNrAC. 

Lyndon,  Lamar — ^.  Development  and  Electrical  Distribu- 
tion of  ^Vater  Power.  323  pp.  168  figs.  8vo.  Cloth. 
13.00.     W,  CH,  R. 

McGraw-Hill  Book  Co.,  Inc.  Standard  Handbook  for  Elec- 
trical Engineers.  Edited  by  Frank  F.  Fowle.  4th  ed, 
revised  and  reset  1800  pp.  Hid.  Thum-indext.  4x7. 
Limp  leather.     |6.00.     McG. 

Pender,  Harold--,  editor-in-chief.  American  Handbook 
for  Electrical  Engineers.  2060  pp.  Hid.  4^x7.  Mo- 
rocco.    $6.00.     W,  CH,  R. 

Pender,  Harold —  Prinelples  of  Electrical  Engineering. 
Revised  ed'n.  438  pp.  138  figs.  6x9^.  Cloth.  |4.00. 
McG. 

Sheldon,  Samuel — ,  and  Hausmann,  Erich — ,  Electric 
Traction  and  Transmission  Engineering.  307  pp.  127 
figs.     5V4x8.     Cloth.     $2.50.     VNT 

Steinmetz,  Charles  P. — .  Tkeoretieal  Blements  of  Elec- 
trical Engineering.  4th  ed,  thoroly  revised,  reset  383 
>p.  194  ills.  6^x9%.  Cloth.  $3.00.  McG. 
jlson,  Ernest — ,  and  Lydall,  Francis — ^.  Electrical  'ftnc- 
tlon.  Vol  I.  Direct  Current;  Vol  II,  Alternating  Current. 
.803  pp.     456  111s.     6%x8%.     Cloth.     $8.00.     LG. 

See  also  637-8,  Electricity  and  Magnetism. 

621.4  Aln  Gas,  and  Other  Motors. 

Carpenter,  RoUa  C. — ,  and  Dlederichs,  H. — .  Interaal 
Combustion  Engines |  their  Theory,  Construction  and 
Operation.      610   pp.     379   ills.     Tables.     6x9%.     Cloth. 
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Davey,   Norman — ,     The  Gaa  Turbine.     262   pp.      100   ills. 

6%x9.     Cloth.     $4.00.     VN. 
Gtildner,    Hug^o — .      The    Deslgrn   and   Construction   of   In- 
ternal  Combustion   Bngrinea.     Translated    by   H.    Diede- 

richs.     2d  ed,  revised,   with  additions.     690  pp.     728  ills. 

36  plates.     151   tables.     8^x11^.     Cloth.     flO.OO.     VN. 
Hiscox»  Gardner  D. — .     Compressed  Air.     5th  ed,  revised. 

665  pp.     600  ills.     8vo.     Cloth.  $5.00;  Half  morocco,  $6.50. 

McG. 
Levin,  A.  M. — .     The  Modem  Gan-Bnrlne  and  tbe  Gas-Pro* 

dneer.      503   pp.      181   ills.      35   tables.      5%x9%.      Cloth. 

$4.00.     W,  CH,  R. 
Marshall,  W.  J. — ,  and  Sankey,  H.  Hiall — .     Gas  ESnslnes. 

293  pp.     127  ills.     6x8^.     Cloth.     $2.00.     VN. 
Peele,    Robert —      Compressed   Air  Plant.      2d    ed.   revised 

and  enlargred.     618  pp.     209  ills.     6x9^.     Cloth.     13.50. 

W,  CH.  R. 
Popplewell,  William  C. — .     Compressed  Air.     296  pp.     119 

ills.     $3.00. 
Richards,  Frank — .     Compressed  Air  Practice.     330  pp.     96 

ills.     6x9.     Cloth.     $3.00.     McG. 
Wolff,  Alfred  R.— .     The  Windmill  as  a  Prime  Mover,     174 

pp.     40  flgs.     8vo.     Cloth.     $3.00. 

021.6  BloMTlngr  and  Pomplngr  Bngrliies. 

Barr.  William  M. — .  Pumping:  Macblnery.  2d  ed.  revised. 
6%x9%.     483  pp.     289  1118.     Cloth.     $5.00.     I* 

Butler,  Edward — .  Modern  Pumpinar  and  HydrauUe  Ma- 
chinery. 489  pp.  846  ills.  6%x9U.  £;ioth.  $6.50. 
L,  CQ. 

Daug-herty.  R.  L. — .  Centrifuipal  Pumps.  202  pp.  Ill  ills. 
6x9.     Cloth.     $2.00.     McG. 

Davey,  Henry — .  The  Principles.  Construction  and  Appli- 
cation of  PumplniT  Maeblnery.  336  pp.  279  ills.  18 
plates.     Largre  8vo.    Cloth.     $6.00.     L. 

deLaval,  Carl  George — .  Centrlfngral  Pnmplngr  Machinery. 
184  pp.     170  ills.     6x9.     Cloth.     $3.00.     McG. 

Fleming.  Burton  P. — .  Practical  Irrigation  and  Pumplnsr. 
242  pp.  35  figrs.  27  diagrams.  19  tables.  $2.00.  W, 
CH.  R. 

Ivens,  Edmund  M. — .  Pun»nliiK  by  Compressed  Air.  250 
pp.     106  111a.     6i4x9Vi.     Cloth.     $3.00.     W,  CH.  R. 

Weisbach,  Julius — ,  and  Herrman,  Gustav — .  Bfeebanles 
of  Pumpinff  Machinery.     300  pp.     197  ills.     6x9.     Cloth. 


621.8  Transmission  Meebanlsm. 

Benjamin,  Charles  H. — ,  and  Hotfman,  James  D.— .  Ma- 
chine Deslsrn*  352  pp.  206  ills.  8  plates.  60  tables. 
6x9.     Cloth.     $3.00.     Henry  Holt  &  Co..  New  York. 

Flather,  J.  J.—.  Rope  Driving.  287  pp.  92  flgrs.  12mo. 
Cloth.     $2.00.     W,  CH.  R. 

Hess,  H.  D. — .  Machine  Design;  Hoists*  Derricks,  Cranes* 
374  pp.     318  flgs.     18  plates.     6x9%.     Cloth.     $5.00.     I* 

Horner,  Joseph —  An  Elementary  Treatise  on  Hoisting 
Maeblnery.     264  pp.     215  ills.     12mo.     Cloth.     $3.00.     L. 

McCulloch.  George--,  and  Futers,  T.  Campbell — ,  Wlndlnur 
Bnglnes  and  w^inding*  Appliances.  460  pp.  176  ills. 
6x9.     Cloth.     $6.00.     LG.  EA.  

Weisbach.  Julius — ,  and  Herrmcuui,  Oustav-^.  The  Me- 
chanics of  Hoisting  Machinery.  Translated  by  K.  P. 
Dahlstrom.     342  pp.     177  ills.     Demy  8vo.     $3.00. 

Principles  of  Mechanism.  See  also  631.  Mechanics;  621. 
Mechanical  Engineering:. 

Slectrioal  Transmission.     See  621.3.  Elect'l  Eng'fir. 
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Mbmbeb    Audit    Bubeau    of    Circulations 

BiBMBEB  AS80CIATBD   BUSINESS   PAPEBS,    INC. 

ENGINEEfONG 
GONlKACnNG 


HALBEBT  P.  GILLETTE,  PreMent  and  Editor 
LEfWIS  S.  LOUER,  Vice-President  and  General  Manoffer 

The  Four  Rotated 
Special  Monthly  Issues 

and  4  quarterly  issues  of  E.  &  C.  (52  in  all)  entirely 
cover  the  civil  engineering  and  contracting  field  if  sub- 
scribed for  as  a  weekly  at  $4.00  a  year;  but  any  one  of 
the  four  special  monthly  issues  may  be  subscribed  for 
as  a  monthly  at  $1.00  a  year  and  the  4  special  quarterly 
issues  will  *  be  sent  without  extra  charge.  The  four 
special  quarterly  issues  relate  entirely  to  foreign  engi- 
neering and  construction  practice.  The  first  two  issues 
of  each  month  (1st  and  2nd  Wednesdays)  completely 
cover  the  municipal  engineering  field. 

Roads  and  Streets— Ist  Wednesday 

(a)  Roads,    (b)  Streets,    (c)  Street  Qeaning.    (<i)  MunidpiJ  Misceflsnies. 

Waterworks  and  Hydraulics— 2d  Wednesday 
(a)  Waterworks,     (b)  Sewers  and  Santtatioa.    (c)  Irri^tion  and  Dninace. 
.     (d)  Power. 

Railways  and  Excavation— 3d  Wednesday 

(a)  Excavation  and  Dredg ins.    (b)  Rivers  and  Canals,    (c)  Harbors  and  Do^s. 
(d)  Railway  Construction. 

Bulldlnde  and  Structures— 4th  Wednesday 

(a)  Buildings,  (b)  Bridges,  (c)  Ship  Construction,  (d)  MisccOaneous  Structucs. 
Special  Quarterly— Sth  Wednesday  of  4  Months 

ALL  ISSUES,  $4.00  A  YEAR 

CONTRACT  NEWS  APPEARS  IN  ALL  ISSUES 

Address,  9  SO.  CLINTON  STREET,  CHICAGO,  ILL 
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922JM  Pmetleal  Mlnlngr* 

Ihlsener,  M.  C. — ,  and  Wilson,  Eugrene  B. — ,    A  Manual  of 

BflnlniT.     4th  ed.  rewritten  and  enlarg-ed.     789  pp.     337 

flgrs.     8vo.     Cloth.     15.00.     W.  CH,  R. 
Ketchum,  Milo  S. — .     The  Deslg^n  of  Mine  Stmetnrea*     475 

pp.      265    ills.      7    folding    plates.      65    tables.      6^x9. 

Cloth.     14.00.     McO. 
Lock.  C.  G.— .     Miner's  Poeket-Boolu    424  pp.     Hid.     Ump 

leather.     $4.00.     B. 
LiUpton.  Arnold — .     Miningr.     571  pp.     596  flgrs.     23  tables. 

8vo,  larg-e  crown.     $3.00.    LG. 
HolBtinflTi  see  621.8. 
Mine  Surveylnffi  see  526.9. 
RetalniuiT  Walls,  etc;  see  721.1. 
SSxploslvesi  see  also  662.2. 

622.21  ESxeaTatlon* 

Gillette,  Halbert  P. — .  Handbook  of  Rock  BxeaTatlon, 
Metbods  and  Cost.     Abt  800  pp.     Hid.     $5.00.     C. 

McDaniel,  Allen  Boyer — .  Excavatlngr  Maehlneir.  339  pp. 
134  ills.     30  tables.     6^x9^.     Cloth.     $3.00.     McG. 

Prelini,  Charles — .  Bartli  and  Roek  Excavations.  2d  ed, 
revised.     363  pp.     167  ills.     6V^x9^.     Cloth.     $3.00.     VN. 

Bartkworkt  see  also  625.1ae. 

<l22id6  Tnnnellns. 

Drinker,    Henry    S. — .      Tunnelingr.    E^xploslve    Componnds 

and   Rock  Drills.     1185   pp.      Over  1000   ills.      4to.     Half 

morocco.     $25.00.     W,  CH,  R. 
Lauchli,  Eugrene — .     Tunneling-.     Short  and  Lonflr  Tunnels 

of  Small  and  I^argre  Section,  Driven  Thru  Hard  and  Soft 

Materials.     238  pp.     197  ills.     6x9.     Cloth.     $3.00.     McG. 
Prelinl,    Charles — .     Tunneling-.      6th   ed,   entirely   revised 

and  enlarged.     370  pp.     160  1118.     6^x9%.     Cloth.     3.00. 

VN. 
Stauffer,    David    McN. — .      Modern    Tunnel    Practice.      Abt 

800  pp.     185  ills  and  plates.     6^  x9^.     Buckram.     $3.50. 

McG. 

622JI2  HydranUe  Mining. 

Bowie,  Aug.  J. — .  Jr.  A  Practleal  Treatise  on  Hydraulic 
Mining  in  California.  9th  ed.  Hid.  Small  4to.  Cloth. 
$5.00.    VN. 

VanWagenen,  T.  P. — .  Manual  of  Hydraulic  Mining.  Re- 
vised and  enlarged.     18mo.    Cloth.     $1.00.    VN. 

Wilson,  Eugene  B. — .  Hydraulic  and  Placer  Mining-  New 
ed,  rewritten  and  enlarged.  861  pp.  Illd.  12mo.  Cloth. 
W.  CH,  R. 

Railroad  Earthwork;  see  625. lae. 

Retaining  Walls;  see  721.1. 

River  Embankments;  see  626-7. 

624  Bridges  and  Roofs. 

Berg.  Walter  G.~.    American  Railway  Bridges  and  Bnild- 

in«8.     706  pp.     244  ills.     Cloth.     $8.60.     McG. 
Burr,  Wm.  H. — ,  and  Palk,  Myron  S. — .     The  Design  and 


Constmetlon  of  Metallic  Bridges.  3d  ed,  corrected.  545 
pp.  Many  flgs.  8vo.  Cloth.  $5.00.  W,  CH,  R. 
Burr,  Wm.  H. — ,  and  Falk.  Myron  S. — .  Graphic  Method 
by  Inllnenee  Lines  for  Bridge  and  Roof  Computations. 
2d  ed.  286  no.  158  flgs.  4  folding  plates.  8vo.  Cloth. 
$3.00.     W,  CH.  R 
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sr,  T.  e. — ,     A  practical  Treatise  on  Bridge 

•n*     4th  ed,   revised   and  enlargred.     480   pp.      240   ills. 

0.  Cloth.     17.00.    If. 

3on,  Clarence  W. — ,     Deflections  and  Statically  Inde- 

rminate  Stresses.     271   pp.      74  ills.      4   folding   plates. 

ibles.     8x11%.     Cloth.     |3.B0.     W,  CH.  R. 

ison,  J.  B. — ,  Bryan,  C.  W. — ,  and  Tumeaure.  P.  E. — 

ie  Theory  and  Practice  of  Modern  Framed  Stmctnres. 

.rt  I;  Stresses  in  Simple  Structures;   340  pp,   270   ills. 

.00.     Part   II;    Statically   Indetermine   Structures    and 

condary   Stresses;    688    pp.    313    figs,    |4.00.      Part    III; 

isig-n;  Rewritten  by  F.  E.  Turneaure  and  W.  S.  Kinne; 

8  pp;  figa  and  plates.  $4.00.    All  Parts;  9th  ed,  rewrit- 
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Cloth.    _S5.00.     McG. 

Thomas,  B.  F. — ,  and  Watt  D.  A. — .  The  ImproTement  of 
Rivera.  2d  ed,  rewritten  and  enlargred.  2  vols.  785  pp. 
247  1118.     80  plates.     9%xl2.     Cloth.     $7.50.     W,  CH.  R. 

Turneaure,  Frederick  E. — ,  and  Black,  Adolph — .  Hy- 
draulic Engineeriner.  Part  I;  Hydraulics.  Part  II; 
l¥ater  Power  DeTOlopment.  366  pp.  231  ills.  8vo. 
$3.00. 

IT.  S.  Geological  Survey.  Water  Supply  and  Irrlsratlon 
Papers.  6x9.  Numerous  pamphlets.  Gov't  Printing 
Oillce.  Washingrton,  D.  C. 

VanOrnum,  J.  L. — ^.  Revnlatloii  of  Rlrers.  404  pp.  99 
ills.     6x9.     Cloth.     $400.     McG. 

Hydro-Bleetrle  Engineering;  see  also  under  621.3,  Elec'l 
Eng'g.  • 

Mmilelpal  Engineeringr.     See  620,  620.C. 

See  also  632,  Hydraulics. 

C2^S  Irrigation. 

Bellasis,   E.    S. — .      Irrigation   Workat   The    Principles   on 

which  their  Design  and  Working  Should  be  Based,  etc. 

195  pp.     37  ills.     6x9.     Cloth.     $2.50.     SC. 
Bowie,   August   J. — ,    Jr.     Praotlcal   Irrigation;    Its   Value 

and  Cost.     262  pp.     58  Ills.     100  tables.     6x9^.     Cloth. 

83.00.     McG. 
Elliott.  C.  G. — .     Engineering  for  Land  Drainage.     2d  ed, 

rewritten    and    enlarged.      356    pp.      60    ills.      5^x7)^. 

Cloth.     12.00.     W,  CH,  R. 
Etcheverry,   Bernard   A. — .      Irrigation    Practice   and    Bn- 

fineering.     Vol  I;  Use  of  Irrigation  Water  and  Irriga- 
ion  Practice.  226  pp.  103  ills,  12.00.     Vol  II;  Conveyance 
of   Water,    382    pp,    100    ills,    $3.50.      Vol    III;    Irrigation 
Structures   and    Distribution   Systems,    463    pp,    200    ills, 
$4.00.     All  volumes.  6x9;  Cloth.     McG. 
Fortier.  Samuel — .     Use  of  Water  in   Irrigation.     278   pp. 

71  ills.     Table.**     6%x8.     Cloth.     $2.00.     McG. 
Moritz,  E.  A. — ^.     W^orklng  Data  for  Irrigation  Engineers. 
408  pp.     46   diagram^.     65   tables.     6  >.  9.     Cloth.     $4.00. 

Newell,  FrederlV:.  Haynes — ,  *.nd  Murphy,  Daniel  Willian? 
— .  Prlndplen  .if  Irrigation.  Engineering.  306  pp.  64 
ills.     52  drawin.},.^.     16  plates.     6x9.     Cloth.     $3.00.     McG. 

Parker,  Philip  A.  Morley — .  The  Control  of  Water  as  Ap- 
plied to  Irrigation,  Power  and  Town  Water  Supply  Pur- 
poses. 1062  pp.  273  figs.  12  diagrams.  6x9.  Cloth. 
$5.00,     VN. 

Wilson,  Herbert  M. — .  Irrigation  Engineering.  6th  ed* 
thoroly  revised.  654  pp.  195  flgs.  38  plates.  6x9. 
Cloth.     $4.00.     W,  CH,  R. 

627.8  Dants. 

Bassell,    Burr—.      Barth    Danuu      68    pp.      31    ills.      6x9. 

Cloth.     $1.00.     McG. 
Morrison,  Charles  E. — ,  and  Brodie,  Orrin  L. — .     Masonry 

Dam    Design;    including   High    Manonry   Dams.      2d    ed. 

revised   and   enlarged.     285   pp.     47   flgs.     6x9.     Cloth. 

$2.50.     W,  CH,  R. 
Smith.    Chester    W. — .      Construction    of    lfaBonr>    Dams. 

290  pp.     68  flgs.     16  plates.     6x9.     Cloth.      $3.00.     McG. 
Wegmann,    Edward —      The    Design    and    Construction    of 

Dams.     6th  ed,  revised  and  enlarged.     546  pp.     199  ilia. 

157  plates.     24  tables.     4to.     Cloth.     $6.00.     W;  CH,  It, 
See  also  628.13,  Reservoirs. 
Retaining  Walls,  etc;  see  721.1. 
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Baker,  M.  N. — .    Seweraire  and  Sewas«  Paiifleatt«B.   ISmo. 

Boards.     10.50.     VN. 
Daniels,  Francis  E. — .     The  Operation  of  Sewage  Dispaaal 

Plants.    136  pp.     40  ills.     5x8.    Cloth.     $1.50.    Municipal 

Journal*  50  Union  Sa.»  New  York, 
Folwell.  A.  Prescott — .     The  Desisrninff,  Construction  and 

Maintenance  of  Seweraare  Systems.     6th  ed,  revised  and 

enlarged.      516    pp.      46    figa.      12    plates.      6x9.      Cloth. 

$2.75.     W,  CH.  R. 
Fuller,  George  W. — .     Sewagie  DIspasaL     782  pp.     SO  Ills. 

6x9.     CloUl.     $6.00.     McG. 
Gerhard,  Wm.  Paul — ^.     Sanitation  and  Sanitary  Bn^neer- 

insT.    New  ed'n.    fl.&O.    Publisht  by  the  Author. 
Gerhard,  Wm.  Paul — .     The  Sanitation,  Water  Supply  and 

Sewagre    Disposal   of   Country   Houses.     2d   ed,    revised. 

348  pp.     414  ills.     5^x7%.     Cloth.     S2.00.     VN. 
Kershaw,  G.  Bertram — .    Modem  Methods  of  Sewase  Puri- 

fleationi  A  Guide  for  the  Desis^ningr  and  Maintenance  of 

Sewage   Purification   Works.     369    pp.     Hid.      36    plates. 

13  fiers.     123  tables.     6%x9.     Cloth.     $7.50.     CG,   U 
Kershaw,    G.    Bertram —       Sewnce    Pnrlfleatlon    aMd    DIs- 

posaL     350    pp.      56    ills.      5^x9.      Cloth.      |3.75.      Uni- 
versity   Press,    Cambridge,    England.      G.    P.    Putnam's 

Sons,  New  York. 
Kiersted,  Wynkoop — .     Sewagre  DIsposaL     196  pp.      12mo. 

Cloth.     $1.25.     W.  CH.  R. 
Kinnlcutt,   Leonard   P — .   Winslow.   Charles-Edward    A. — , 

and    Pratt.    R.    Winthrop —      Sewaae  DlspoaaL      Ist   ed. 

462  pp.     113  flgrs.     8vo.     Cloth.     $3.00.     W,  CH.  R. 
Merriman,   Mansfield —      BIcments  of  Sanitary   Engineer- 

ing.      3d   ed.   enlarged.     252   pp.      46   figs.     8vo.      Cloth. 

$2.00.     W.  CH,  R. 
Metcalf,  LfConard — ,  and   Eddy.   Harrison  P. — ,     American 

Sewage  Practice.    Vol  I;  Design  of  Sewers.  757  pp.  328 

ills,   172  tables,   $5.00.     Vol  II;  Construction  of  Sewers. 

574   pp,    181    ills.    81   tables.    $4.00.     Vol   III;   Disposal   of 

Sewage,  864  pp,  230  ills.  186  tables,  $6.00.    All  volumes; 

9x9.  Cloth.     McG. 
Ogden,    Henry    N. — .      Server    Constmctlon.      347    pp.      192 

figs.     5%x9%.     Cloth.     $3.00.     W.  CH,  R, 
Ogden,   Henry  N. — .      Sewer  Design.     2d   ed.   revised   and 

corrected.      260   pp.     71   figs.     6x9.     Cloth.      $2.00.     W. 

CH.  R. 
Ogden,   Henry  N. — ,  and   Cleveland,   H.  Burdett — ,     Prac- 
tical   Methods    of    Sewage    Disposal.      188    pp.      52    figs. 

6x9%.     Cloth.     $1.50.     W,  CH,  R. 
Rafter,  G.  W. — ,  and  Baker.  M.  N. — .     Sewage  Disposal  In 

the   United   States.     3d   ed,   revised   and   enlarged.      626 

pp.     116  ills.     8vo.     Cloth.     $6.00.     VN. 
Rideal.  Samuel — .     Sewage  and  th«  Bacterial  Parlfleation 

of   Sewage.      3d   ed.    enlarged.     367    pp.      58    figs.      8vo. 

Cloth.     $4.00.     W,  CH.  R. 
Schmeitzner.   Rudolf —      Clarllleation  of  Sewage.     Trans- 
lated  by  A.    Elliott   Kimberly.      130   pp.      46   ills.      6x9. 

Cloth.     $1.50.     McG. 
Sedgwick,  Wm.  T. — .     Principles  of  Sanitary  Selenee  and 

the    Public    Health.      368    pp.       Plates.       6x9.       Cloth. 

$3.00.     M. 


Vemon-Harcourt.  L.  F. — .    Sanitary  Engineering  with  Re- 
spect to  Water  Supply  and  Sewage  DIsposstL     440   pp. 

287  ills.     8vo.     $4.50.     LG. 


Waring.  G.  E. — .  Jr.  Modem  Methods  of  Sewage  Dispoiial 
for  Towns.  3d  ed.  revised  and  enlarged.  253  pp.  22 
ills.     5%x7%.     Cloth.     $2.00.     VN. 
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Waiingr.  G.   E.— :>  Jr.     Sewemse  and  Land  Dralnaae.     4th 

ed.     406  pp.     75  ills.     30  plates.     Lar^e  4to.     $6^00.     VN. 
Municipal  Engrineeriner;  see  620»  620.c. 
Ventilation  and  Heating  i  see  697. 

8a8a  Water  Works. 

Flinn»  Alfred  D. — ,  Weston,  Robert  S. — ,  and  Bogrert,  C.  I* 

— L      Waterworks    Handbook.      824    pp.      411    Ills.      311 

tables.     6x9.     Flex  leather.     $6.00.     McG. 
Folwell,    A.    Prescott — ^.      Water   Sopply   Bnalneerlna.      2d 

ed.     584  pp.     95  tigs.     19  plates.     8vo.     Cloth.     13.50.     W. 

CfH.  R. 
Fuertes,  James  H. — .     Water  and  Pnblle  Healtk.     85   pp. 

70  ills.     12mo.     Cloth.     |1.50.     W,  CH.  R. 
Goodell.   John   M. — .      Water- Works   for  Small  Cities  and 

Towna.     286  pp.     53  Ills.     6x9.     |2.00.     McG. 
Hubbard,  Winfred  D. — ,  and  Klersted,  Wynkoop — ,   Water- 
Works  Bfanagrement  and  Maintenance.    435  pp.     114  fig's. 

18  plates.     8vo.     Cloth.     $3.50.     W,  CH.  R. 
Mason*  Wm.  P. — .     W^ater  Supply.     3d  ed.  rewritten.     455 

pp.     40  figrs.     26  plates.     8vo.     Cloth.     $4.00.     W.  CH,  R. 
McGraw  Publishing  Co.     McQraw   Waterworks  Dlreetory. 

Ist  ed.     616  pp.     6%x9.     $15.00.     McG. 
Turneaure.   F.   B. — ,   and   Russell,   H.   L. — .     Publle  Water 

SnppUesi  Requirements.  Resources  and  the  Construction 

of  Works.     2d   ed.   revised  and  enlarg'ed.     823   pp.     282 

ills.     102  tables.     5%x9%.     Cloth.     $5.00.     W,  CH,  R. 
Wegmann.  EXdward — .     The  Water  Supply  of  the  City  of 

New  York  from  1658-1895.     332  pp.     73  flffs.     148  plates. 

4to.     Cloth.     $10.00.     W,  CH,  R. 
Whipple,    Georg-e    C. — .      Typboltf    Fever?    its    Causation, 

Transmission,  and  Prevention.     448  pp.     50  figs.     12mo. 

Cloth.     $3.00.    W,  CH,  R. 
Damsi  see  627.8. 

Flow  in  Pipes,  Channels,  etc;  see  582.6. 
Hydranlle  Eagrlneerlnsi  see  626-7. 
Pnmpsf  see  621.6. 

62&12.18  Stand-pipes.     Tanks.     Reserrolrs. 

Hazelhurst,  J.  N. — .    Towers  and  Tanks  for  Water  Works. 

2d   ed,    revised   and    enlarged.      336    pp.      61    figs.      8vo. 

Cloth.     $2.50.     W,  CH,  R. 
Pence,  W.   D. — .     Standpipe  Accidents  and  Failures.     195 


pp.     $1.00.     EN. 
cni     ■        ~ 


Schuyler.  James  Dix — .  Reservoir*  for  Irrigation.  Water- 
Power  and  Domestic  Water-Supply.  2a  ed.  Revised 
and  enlarged.  599  pp.  381  ills.  6  folding  plates.  6^  x 
10%.     Cloth.     $6.00.     W.  CH.  R. 

Retallilna  Walls,  etc;  see  721.1. 

See  also  627.8,  Dams. 

4128.19  Pipes. 

American  W.  W.  Assn.  Standard  Spedfleatlons  for  Cast- 
iron  Water  Pipe  and  Special  Castings.  33  pp.  Paper. 
Am.  W.  W.  AsBTii 

New  England  W.  W.  Assn.  Standard  Specifications  for 
Cast  Iron  Pipe  and  Special  Castings.  7  pp.  17  tables. 
6x9.     Paper.     $0.10.  ^      ^, 

Wynne-Roberts.  R.  O. — .  Hydranlle  Calculator  for  Circular 
Pipes.  4%x6%.  Cloth.  $2.00.  The  St.  Bride's  Press. 
London. 

Flow  in  Pipes;  see  632.5. 
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Baker,  M.  N.— .     Potable  Water  and  Methods  of  Detectiac 

Imparities.     97  pp.     4x6.     Boards.     $0.50.     VN. 
Don,  John — ,  and  Chisholm,  John — .     Modern  Methods  of 

Water  Purification.     384  pp.     98  ills.     11   tables.      6x9 

Cloth.     S4.20.     LG. 
Fuertes,   James  H. — .     Water-Flltratlon  W^orlu.     301   pp. 

46  ngs.     20  plates.     12mo.     Cloth.     $2.50.     W.  CH.  R. 
Hazen,  Allen — .     The  FUtratlon  of  Public  Water  Supplies. 

3d  ed.    333  pp.     36  ills,  tables  and  plates.     6x9.     Cloth. 

13.00.     WjCH,  R. 
Hill.  John  W.— .     The  Pnrifleatloa  of  Public  Water  Sup- 
plies.    804  pp.     32  aga.     Tables.     6x9^.     Cloth.      $3.00. 

Rideal.  Samuel — ,  and  Rideal.  Eric  K. — .     Water  Supplies: 

Their  PuHflcation.  Filtration  and  Sterilisation.     286  pp. 

10  ills.     24  plates.     8^x6.     Cloth.     $2.60.     A. 
Stein,   Milton   F. — .     Water-Purification  Planta  and   Their 

Operation.     266  pp.     96  ills.     11  charts.     6x9.     Clotb. 

12.60.    W.  CH,  R. 

e28.1T  Vae  and  Waste.     Hetera. 

Meyer,  Henry  G. — .  Water  Waate  PreTentlon;  Its  Impor- 
tance, and  the  Evils  due  to  its  Neglect.  Liar^e  8vo. 
Cloth.     $1.00.    McG. 

•80  Adrrlenltnre.    Forestry. 

Britton,  Nathaniel  Lord — .  Assisted  by  John  Adolph 
Shafer.  North  AineHean  Trees.  894  pp.  781  ills.  8vo. 
Cloth.     $7.00.     AC. 

Elliott,  S.  B.— .  Important  Timber  Tvees  of  the  United 
States.     402  pp.     60  ills.     5%x8%.    Cloth.     S2.60. 

Gifford,  John — .  Practical  Forestry.  284  pp.  llld.  Plates. 
6x8.     Cloth.     $1.20.     A. 

Green,  Samuel  B. — .  Principles  of  American  Forestry. 
347  pp.  73  Aga  and  plates.  12mo.  Cloth.  $1.50.  W. 
CH,  R. 

Houg-h,  Romeyn  Beck —  Handbook  of  the  Trees  of  the 
Northern  States  and  Canada,  East  of  the  Rocky  Moun- 
tains. 881  pp.  Buckram,  $8.00:  Half  morocco.  110.00. 
Romeyn  B.  Houjgh,  Lowvllle,  N.  Y. 

Moon,  Frederick  Franklin — .  Blements  of  Forestry.  409 
pp.     65  ills.     5x8.     Cloth.     |2.00.     W,  CH.  R. 

Sargent,  Charles  S. — .  A  Manual  of  the  Trees  of  North 
America.     644  ills.     Demy  8vo.     AC. 

See  also  691.1,  Wood. 

660  Chemical  Teehnoloffy. 

663.2  Explosives. 

Brunswigr.  H. — .  Explosives.  Translated  and  annotated 
by  Charles  E.  Munroe  and  Alton  L.  Kibler.  A  Synop- 
tical and  Critical  Treatment  of  the  Literature  of  the 
Subject.  365  pp.  46  figs.  5^x8%.  Cloth.  13.00.  W, 
CH,  R. 

Eissler,  M. — .  A  Handhook  on  Modern  Explosives.  2d  ed, 
enlarged.     150  ills.     12mo.     Cloth.     15.00.     VN. 

See  also  622.2,  Mining:. 

660  Metallnriry. 

Fulton,  Charles  Herman — .     Principles  of  Metallnrcy.     644 

pp.     188  ills.     6x9^.     Cloth.     $5.00.     McG. 
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Harbord.  P.  W. — .  and  Hall,  J.  W. — .  The  Metallurgry  of 
Steel.  Edited  by  W.  Roberts-Austen.  5th  ed,  revised 
and  enlarged.  2  vols.  996  pp.  580  ills.  54  foldingr 
plates.     122  tables.     6x9.     Cloth.     $12.50.     L.  CG. 

Hofman,  H.  O. — .  General  Metallurgry.  922  pp.  836  ills. 
6x9.     Cloth.     $6.00.     McG. 

Langr,  Herbert — .  Metallurgy.  Vol  I;  Introductory.  255 
pp.     24  1118.     6^x9%.    Cloth.     $3.00.    McG. 

Sexton,  A.  Humbolt — .  An  Elcmentair  Text-Book  of 
Metallurgy.  3d  ed,  revised  and  enlarged.  278  pp.  71 
ills.     Crown  8vo.     Cloth.     $2.25.     L. 

Stoughton,  Bradley — .  The  Metallurgy  of  Iron  and  Steel. 
2d  ed.  thoroly  revised.  637  pp.  370  ills.  37  tables. 
6x9.     Cloth.     $3.00.     McG. 

See  also  670,  Mfrs;  691.  Buildg  Mtls. 

670  Manofnctnres.    Iron  and  StecL 

Bolland,   Simpson — .     The  Bncyclopedla  of  Fonndins  and 

Dictionary  of  Foundry  Terms  used  in  the  Practice  of 
Moulding.     539  pp.     12mo.     Cloth.     $3.00.     W,  CH,  R. 

Forsythe,  Robert — .  The  Blast  Furnace  and  the  Blano- 
faeture  of  Pig  Ironi  An  Elementary  Treatise  for  the 
Use  of  the  Metallurgical  Student  and  the  Furnaceman. 
2d  ed.  368  pp.  Hid.  6x9%.  Cloth.  $3.00.  David 
Williams  Co.,  231-241  W.  39th  St.,  New  York. 

Hall,  John  Howe — .  The  Steel  Foundry.  280  pp.  87  ills. 
6x9.     Cloth.     $3.00.     McG. 

Tiemann.  Hugh  P. — .  Iron  and  Steel  (A  Pocket  Bncyelo- 
pedia).  With  Introduction  by  Henry  Marion  Howe.  362 
pp.     43  ills.     4x7.     Flex  morocco.     $3.00.     McG. 

West,  Thomas  D. — .  American  Foundry  Practice.  10th 
ed.  revised.  417  pp.  Fully  illd.  12mo.  Cloth.  $2.50. 
W.  CH,  R. 

Iron  and  Steel;  see  also  691.7. 

990  Building. 

See  also  624,  Bridges  and  Roofs. 
Sec  721*  Construction. 

eoi  Materials  and  PrcserrattTca. 

Byrne,  Austin  T. — .  Innpectlon  of  the  Materials  and 
Workmanship  Employed  in  Construction.  3d  ed,  thoroly 
revised.     609  pp.     4^x7%.     Cloth.     $3.00.     W,  CH,  R. 

Holley,  Clifford  Dyer — .  The  Lead  and  Zinc  Pigments. 
359  pp.     85  ills.     5^x8%.     Cloth.     $3.00.     W,  CH,  R. 

Johnson,  J.  B. — .  The  Materials  of  Construction.  3d  ed. 
810  pp.     650  ills.     11  plates.     Cloth.     $5.50.     W.  CH.  R. 

Lowe,  Houston —  Points  for  Steel  Structures.  5th  ed, 
revised.     115  pp.     5x7%.     Cloth.     $1.00.     W,  CH,  R. 

Maire,  Frederick — .  Modern  Pigments  and  Tbeir  Veblclesf 
Their  Properties  and  Uses.  277  pp.  12mo.  Cloth. 
$2.00.     W.  CH,  R. 

Thurston,  Robert  H. — .  The  Materials  of  Engineering. 
5th  ed,  revised.  3  vols.  Part  I;  The  Non-mctalUc  Ma- 
terials of  Engineering  and  Metallurgy.  376  pp.  78  figs. 
8vo.     Cloth.     $2.00.     W.  CH,  R. 

Wood,  M.  P. — .  Rustless  Coatings.  442  pp.  Illd.  Svo. 
$4.00.     W.  CH,  R. 

See  also  620.1,  Strength  of  Materials. 

eOl.l  Wood. 

Baterden.  J.  R.— .  Timber.  360  pp.  54  ills.  6^6x8%. 
Cloth.     $2.00.     VN.  AC. 

Snow,  Charles  Henry — .  The  Principal  Species  of  Wood; 
Their  Characteristic  Properties.  2d  ed,  revised  and  en- 
larged. 219  pp.  Illd.  37  plates.  6^x10^.  Cloth. 
$3.50.     W,  CH,  R. 
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The  niunbem  refer  to  the  padres. 

In  the  alphabetical  arranfrement,  minor  vrords,  as  "and," 
"between,"  ^'in,"  "or,"  "through,"  etc.  are  nesleeted. 


'  See  also  Table  of  Contents,  pp  xxii,  etc. 


Abrasion— -Air. 


Abrasion, 

of  concrete  and  mortar,  1804-6. 
by  streams,  577,  582. 
Absolute-permlssiYe  signaling,  991. 
Absorption, 

by  bricks,  1219. 
by  concrete,   1305,  1874. 
by  earth,  etc,  329. 
Abutment,  Abutments, 
of  arch,  617-627. 
batter  of,  619. 
courses   in — ^   inclination  of — , 

620. 
of  dams,  645. 
foundations  for — ,  582. 
masonry  in — ,  617-627. 
•piers,  619. 

to  proportion — ,  617,  618. 
Accelerated     tests     for     concrete, 

1230,  1237. 
Acceleration,   334. 

effect    of — on    train    resistance, 

1059,  1063-4. 
-grade,  1076. 
gravity—,  250,  335-8,  848-350, 

530. 
train—,  1059,  1063,  1064. 
measurement  of — ,  1068. 
units  of — ,  conversion  of,  250. 
Accelerometer,  1068. 
Accounting,  railroad — ,  prescribed 
by  I.  a  C,  1096. 
d,  Acids, 


Aci(  . 

fumes,    effect    of — ,    on    roofs, 

1381. 
in  mortar,  1303,  1304. 
Acre,  Acres,   222,   283. 

-foot,  equivalents  of — ,   235. 
required  for  railroads,  254. 
Adhesion, 

of  concrete,   1245,   1249,   1258, 
1274,  1279,  1294,  1296.  1297, 
1307,  1364. 
of   glue,   1214. 
of   locomotives,    413. 
of  mortar.  1218. 
of  spikes.  801,  802. 
-unit,    1294. 
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Adjustment.    Adjustments, 
of  aneroid,  313. 
of  builders'  plumb  level,  811. 
of  clinometer.   811. 
of  compass,   298. 
of  level.   307. 
of  pocket   level.    310. 
of  pocket  sextant,  298. 
of  slope  instrument,   811. 
of  theodolite,  296. 
of  transit.   294. 
Adjutage,  Adjutages. 

now  through — .  540. 
Admiralty   knot,    220. 
'Aggregate.  Aggregates,  1304. 1354. 
See    also  below.      See   also   the 
kind  in  question, 
analysis  of — ,   1238. 
cinder — ,     1252,     1271.     1305, 

1355.    1365. 
Cyclopean — .   1253,   1258,   1355. 
effect  of —  on  concrete.  1271. 
grading  of—,   1256,   1257. 
quartering  of — ,   1238. 
in  reinforced  concrete.   1278. 
washing   of — ,    1259. 
Agonic  line.  801. 
Air.  820. 

brakes,   1041. 
buoyancy  of — ,   513. 
-chambers,    663. 
compressed — .  820.  597.  681. 
breathing  of — ,  320,  597. 
in  diving  bells,   821. 
in  foundations,   596. 
in  rock  drills,   681. 
compressors,    681. 
density  of — ,   320. 
-locks,    597. 
in  pipes,  662. 
pressure.   820,   502. 

barometer,  leveling  by — ,  812. 
of  compressed — ,  320,  597. 
resistance,  1057. 
signal    (on  trains),  1042. 
in   siphons.    521. 
slacking,   1217. 
valves,  662. 

ventilation,    quantity    of — ,    re- 
q^wd  f^^^.by|2j(^Ogle 
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Air— Apothecaries. 


Air, — continued. 

vesself  663.  ,  .  a.      * 

volumes  oX  unit  weights  of — . 
'242 

weight  of—.  820. 

weights  o£  unit  volumes  of — , 
•>42. 

wind,  321.     See  also  Wind. 
Alarm.  Alarms, 

highway  crossing — ,  w«»^« 
Alcohol,  weight  of—,  212. 
Alioth,  28.5. 

Allardyce  process,  1135. 
Alllgution,  40. 
Alphabet.  Greek—.  34. 
Alternating  stresses,  465.   761. 
Alternation  of  ratios,  d». 
Altitude,  284. 

^\Tmortar.  1303,  1839. 

and   soap,  for  waterproofing, 
1220,  1273,  1305. 
Alumina,         ^^^^ 
In  cement.  1222. 
Aluminum, 

weight  of—.  212. 
American, 

locomotive,  lOol. 
locomotive  Co..  ^^.^„,„ 

train     resistance     formula, 
1059,  1063. 
Railway  Association, 

rails,    specifications    for — , 

rail  Joints.  798. 

Railway  Bridge  &  Building  As- 
sociation, 
turntables.  998. 

Railway  Engineering  Associa- 
tion, ,    ^  Q^. 

curve  nomenclature,  oij*. 

curves,  gauge  on—,  81-i. 

curve,  spiral — ,  967. 

cut  list,  1004. 

frog  number,  practice,  848. 

frog  specifications.  834. 

crauge  on  curves,  812. 

hump  yards,  10^2. 

illumination,  1006. 

rail  specifications,  794. 

spiral  curve,  967. 

switch  dimensions,  838,  864. 

switch-tie  specifications,  843. 

tie  dimensions,  786. 

track  specFncatlons,  780. 

turnout  dimensions,  864. 

yards,  hump — .1002. 

yard  switches.  1004. 
Society  of  Civil  Engineers 

cement  specifications,  1234. 

rail  specifications,  794. 
Society  for  Testing  Materials, 

rail  specifications,  794. 
Amortization.  43. 


Analysis.  Analyses, 
of  sand,  etc.,  1238. 

Anchor  plates,  in  reinforced  con- 
crete, 1297. 

Anchorage.  Anchorages, 

of  suspension  bridges,  770. 
wind—  In  bridges,  759. 

Angle.  Angles.  92. 

cSL'SiU'^lts.  Seeal«>8we*p. 
circular  measure  of — ,  d4,  w«. 
complement  of — ,  97. 
crossing— ,845. 
In  curves.  8<6.  880. 
deflection—.  875.  921.  971. 

in  spiral  curves,  9*1. 
degrees  in—,  decimals  of — .9o. 
of  direction,  765. 
explement  of-—,  97. 
of  friction,  409,  432.  433 
?JogLf.  826,  848.  85i.  860 
as  function  of  ratio.  9i  5. 
functions  of  small — .  880. 
houiv-,  285. 
-Iron,  353  b. 

of  maximum  pressure,  007. 
to  measure — ^    ^     ^      t^ 

with  the  hand,  etc.,  96. 

with  the  sextant  152^ 

with  the  tape  line,  lo2. 

with  the  two-foot  rule,  etc.. 
96. 
peripheral—,  875,  921. 
-plate  joints.  807.     ^^^    ^^^ 
in  railroad  curves.  875,  880. 
-sections,    353  5,    1178,    1180. 

1190. 
of  slope,  255-257. 
small—  and   their   functions. 

stel?^,  3535,1178,1180,1190 
test  of—,  753. 

subtended  by  arc,  181. 

supplement  of  — j  97. 

switch—,  836,  8^3,  860. 
Angular, 

functions,  97-98, 

velocity,  351.^^^ 
Animal  power,  685. 
Annuity,  Annuities,  43-46. 
Antecedent,  38. 
Anfhracite, 

heat  from-;.  317. 

space  occupied  by— .215. 

weight  of— ,212    215. 
Anti-component,  362. 
Antl-frlction  rollers.  417.  725.  i51 
Antllogarlthms,  71. 

weight  of—.  il2. 
Anti-resultant,  362. 
Aperture.  Aperturej, 

flow  through—.  641.  642 
Apothecaries'^  weights  and  n 

urcs.  220.  223. 
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Apparent 

Apparent  solar  time,  265. 
Approach,  Approaches, 

velocity  of — ,   556. 
Aqueduct,    Aqueducts, 
flow  in — ,  560,  563. 

Kutter's  formula  for — ,   563. 
Arc,  Arcs, 

and  chord,  ratio  of — ,  902. 
circular — ,  179. 

center  of  gravity  of — ,  391. 
chords   of — ,    179. 

large — ,  to  draw — ,  181. 

length  of — ,  184. 

ordinates   to — ,    180. 

radii  of—,  180. 

ratio  of —  to  radius,  97. 

rectification  of — ,  184. 

rise  of — ,   180. 

tables  of — ,   183,   185. 

time    equivalents    of — ,    265, 
290. 
elliptic — ,   190. 
graduated — ,   292. 
parabolic — ,   192. 
semi-elliptic — ,    190. 
Arch.  Arches,  424,  430,  etc,  618, 
740. 

abutments   of — ,    617. 
brick — ,  629,  682. 
bridges,   613. 
centers  for — ,  631. 
concrete — ,  cost  of — ,  1378. 
elliptic—,  616. 

joint  in — ,  to  draw — ,  189. 
keystone  of — ,  613,  615. 
lines  of  pressure  in — ,  etc,  430. 
mechanics  of — ,  424,   430,  432. 
moments  in — ,  424. 
pressure  in — ,  430,  614. 
pressure  in — ,  line  of — ,  4nO. 
radius  of — ,  to  find — ,  614. 
resistance  in — ,  line  of — ,  430. 
roofs,    740,    742. 
rubble — ,  616. 
settlement    of — ,    432. 
statics  of — ,  430,  432. 
-stones,   613. 

chamfering  of — ,  634. 

pressure  in — ,   430,  etc,   614. 

pressure  of —  on  centers,  633. 
theory  of — ,  430,  432. 
thrust  line  in — ,  430,  432. 
Archimedes   screw,    687. 
Area,  Areas, 
of  a  circle, 

to  find — ,   161. 

tables  of—.   163-178. 
contraction  of —  in  tensile  tests, 

752,  754,  1158. 
crippling —  of  rivet,  775. 
of  pipes,  52 d. 
reduction   of — ,   456,    752,    754, 

11.53. 
section — ,  456. 


ilhuit. 

Area,  Areas, — continued. 

of  sections  of  beams,  1174,  etc. 

of    surfaces.       See    surface     in 
question. 

unit — ,  equivalents  of — ,  288. 
Arithmetic,  35. 
Arithmetical, 

complement,  71. 

progression,  39. 
Arm,  Arms,  lever — ,  860. 
Arroba,  227. 
Artesian  wells,   671. 
Articulated  locomotives,  1049. 
Artificial. 

horison,   298. 

stone  (concrete),  1252.  1861. 
Ash  pits,  cost  of — ,  1117. 
Ashlar   masonry,    cost   of — ,    601. 

602. 
Asphalt, 

cost  of — ,  1403. 

paving,  cost  of — ,  1412. 

waterproofing,    1220,   1278. 

weight  of —    212,   755. 
Assorting  yard,   994. 
Atlantic  type  locomotive,  1051. 
Atlas  powder,   1397. 
Atmosphere,  320.     See  also  Air. 

buoyancy  of — ,  513. 

unit  of  pressure,   240. 

weight  of — ,  212,  320. 
Augers  for  earth  and  sand,  670. 
Aune,  226. 
Automatic 

air  brake,  1041. 

signals,   990. 

stop,    991. 

switch,   841. 
Avoirdupois  weight.  220. 
Axis,  Axes.   See  also  the  given  sur- 
face or  solid. 

of  buoyancy,  514. 

of  equilibrium,   514. 

of  flotation,   514. 

neutral — ,  466. 

of  symmetry,  514. 
Axle.    Axles, 

friction  of — ,  416,  417. 

inertia  of — ,   1065. 
Azimuth,  Azimuths,  284-290. 


Back-in  station,   1010. 
Backwater,  575. 
Bag,  Bags, 

cement — ,  1227,  1232,  1354 
Baldwin  Locomotive  Works, 

Irain-resistance  formula,  1059. 
Ballast,  783.     See  also  below. 

cars,  819. 
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Ballast, — continued, 
cleaning  of — ,  820. 
cost  of—.   819,   1112. 
cubic  yards  of —  per  mile,  784. 
function  of — ,  780. 
oiling  of—,  820. 

;^nJSld-!'780.  781.  783.  819. 

cost  of—,  819,  1112. 

renewal  of—,  820. 

for  steel  ties,  790. 

tamping  of — .  819. 

ties  in — ,   784. 

volume  of —  per  mile,  784. 
Ballasting.  819. 
Balloon,  Balloons, 

principle  of — ,  513. 
Balls,    weight    of—,    1156,    1159. 

1161,  1210. 
Baltimore  truss.  694. 
Banjo  signals,  983. 

^*So^'weight  of—   1159,  1160. 
lattice — ,  weight  of — ,  1190. 
reinforcement — ,  1296. 

deformed—,  1278, 1297,  1307, 

1362, 
plain—,    1297. 
supports  foi^-.   1299. 
See     also    under    Reinforced 
Concrete.  ,        t>  -i 

gplice — ,    798.      See    also    Bail 

Joints.  .  ,  ^      - 

wrought    iron — ,    weight    oi — , 
1159,  1160. 
Bark, 

on  ties,  788. 
on  timber,  788. 
Barnacles,  327. 
Barometer,    312,    320. 
Barrel,   Barrels, 

contenU  of — ,  223,  224. 

cement—     223,    1227,    1232, 
1354. 
Barrow,  Barrows, 

^  Mrthwork  by—,   1027.   1034. 
Barschall   process,   1135. 
Bnscttle  bridges,  697. 
Base,  Bases, 

wheel—,  1047,  1062. 
Batten  plates,  724,  1190. 
Bazin  formula,  552.  563. 
Beam,  Beams, 

axis,  neutral — ,  466. 
channel—,  853  h,  1176. 
concrete—,    1264,    1274,    1288, 
etc. 

See  also  Concrete,  beams;  and 

Reinforced  concrete,  beams. 

continuous — ,  489,  494  g,  1294, 

1295,  1868. 
deck — .    gyration    radius    of — , 
853  &. 


Beam,  Beams, — continued. 

deflections     of—,     481.      113». 
1369. 

loads  for  given — ,  480. 
permissible — ^  485. 
diagonal    stresses    m — ,    494  o. 

494  e,   1293. 
end  reactions  in — ,  439. 
equilibrium  of — ,  437. 
flooi^-,    720,    749.    1366.       See 

also  under  Floors, 
forces  acting  upon—.  437. 
horizontal     shear    in — ,     494  c, 

494  e. 
I — ,  1174,  etc. 

as  columns,  353  h. 
in  fireproof  floors,  1176. 
gyration  radius  of — ,  353  h. 
separators  for — ,   1182. 
Ubles  of—.  1174.  etc. 
inclined — ,  445. 
iron  and  sieel — ,  1174.  etc. 
loads  for — ,  437,  etc.  466.   etc, 
476,  760,  762,  1174.  etc. 
within  elastic  Umit.  482. 
for  given  deflection.  480. 
suddenly       applied — ,       461, 
1139. 
maximum   stresses   in — ,   494  a, 

494  e. 
momenU  in — ,  440,  443,  445. 
maximum  bending*—,  474. 
neutral  axis  in — ,  466. 
plates  as—,  493. 
principal    stresses    in — ,    494  c, 

494  jr. 
reactions    in — ,   439. 
of  rectangular  section,  468. 
reinforced  concrete — .  1283.  etc. 
See  also  Reinforced  Concrete, 
beams.  _ 

rolled — .    1174.    etc.      See    aho 
Beams.    I — ;    Beams,    d^n- 
nel — ,  etc. 
shear   in — ,   446,   494  c,    494  0. 
1291. 

horizontal — ,  494  c,  494  e. 
Bimila]^— .  484. 
steel—,  476.   1174.  etc. 
stiffness  of — .  480-486,   1139. 
stone—.  416.   1216. 
strength   of — ,    466.    473,    476. 

478,  485,   1174.   1283. 
stresses  in — ,  474. 

diagonal — ,       494  a,       494  f 

1293. 
maximum — ,      494  a,      494  f. 

1298. 
principal — ,  494  c.  494  9. 
suddenly  loaded — ,  461,  1189. 
timber — ,    760,   762,  764,   1139. 

etc.  1142. 
and    trusses,    comparison    of — . 

689. 
of   unifonn   strengtli,   486. 
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Beam,  Beams, — continued. 

vertical  shear  in — ,  494  c,  494  e, 
wooden — ,  760,  762,  764;  1139, 
etc,  1142. 
Bearing,    Bearings, 

and  reverse  bearings,  277. 
stresses      in — ,      permissible — , 

762. 
in  trusses,   721,   725,   750,   751, 
762. 
Beaiim6   hydrometer,    211. 
Bed  plates,  721,  750. 
Beech   wood,   strength  of — ,    476, 

1137,    1138. 
Bell,   Bells, 

diving — ,    pressure    in — ,    321, 

597. 
-joints  for  pipes,   660. 
Belting,   cost  of — ,    1409. 
Belt,  BelU, 

leather — ,   strength  of — ,   1214. 
Bending, 

and    compression,    494,    724. 
moments,   453,   466,   etc. 

maximum — ^  table  of — ,  474. 
stresses,   permissible — ,   762. 
tests,  752,   754,  1151,  1153. 
Bents  in  trestles,   1038. 
Beton,   1252,   etc.     See  also  Con- 
crete. 
Bibliography,   1429. 
Binding,    cross — ,    809. 
Biquadratic   units,    468. 
Birch,   strength  of—,   476,    1137, 

1138. 
Birmingham   gauges,    1169,    1172. 
Bismuth,   212,    1212. 
Bitumen,    weight    of — ,    212. 
Bituminous   coal,    212,    215. 
Black-line  prints,    1393.   1422. 
Blasting,   600,   1398,   1399. 

machinery,   cost  of — ,   1414. 
Bled  Umber,   strength  of—,   1137. 
Block,   Blocks, 
angle — ,   736. 
concrete — ,    1371,    1872. 
head — ,   843. 
heel—.   830. 
scotch — ,  989. 
stop — ,   837. 
system,   986. 
Blocking,    permissive — ,    987. 
Bloom  ton,  216. 
Blue-line   prints,   1393,   1422. 
Blue  prints,  1390,  1422. 
Board  measure, 

table  of—,  269. 
Boat,  canal — ,  684. 
Body,   Bodies, 
defined,  330. 
falling — .   348,   539. 
floating — ,    513. 
rigid — ,  force  in — ,  330,  858. 
Boiler,   Boilers, 
cost   of — ,    1412. 
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Boiler,  Boilers, — continued, 
incrustation  of — ^  827. 
iron,    1152. 
locomotive — ,   1044. 
thickness  of  shell  of — ,  511. 
tubes,   1164. 
Boiling, 
point,   326. 

leveling  by — ,    314. 
tests  for  cement,  1230,  1237. 
BoUnian   truss,    695. 
Bolt,  Bolts,  1165,  etc. 
cost   of — ,    1406. 
expansion — ,    1166. 
iron — ,   table  of — ,   1168. 
stresses      in — ,      permissible — , 

762. 
track—,    809. 
Bond,    Bonds, 

in   concrete,    1245,    1249,    1258. 
1274,      1279,      1294,      1296, 
1297.    1307,    1364. 
Book,   Books,   1429. 
Boring.   Borings, 

augers  for  earth,  670,  671. 
test — ,   682,   670. 
wells,  671. 
Borrow  pit,  195,  196. 
Bowstring, 

centers,  637,  638. 
truss,    695,    699. 
Box,  Boxes, 
-drains,    627. 
fire — ,  1044. 
journal — ,    1039. 
•sextant.  297. 
Boxed  timber,  strength  of — ,  1187. 
Brace,   Braces, 
raU— ,    806. 
Bracing, 

in  bridges,  691,  710,  748,  749. 
counter — ,   690,   705,   712.   721, 

738,  746. 
for  dams,   502. 
Bracket,      Brackets      (see     Canti- 
lever),  696. 
Brake,   Brakes,   1040. 
air — ,    1041. 
electric — ,    1041. 
-friction,   412. 
vacuum — ,  1042. 
Brakeman,    Brakemen,    1005. 
Branches  in   pipes,   661. 
Brass, 

cost   of — ,    1409. 
ductility,  etc,  of — ,  460. 
effect  of  mortar,  etc,  on — ,  1304. 
effect  of  water  on — ,  327. 
expansion  of —  by  heat,  317. 
friction  of — ,  411,  415. 
strength  of — ,  476,  1212,  1213. 
tubes,   seamless — ,   1211. 
weight   of — ,    212,    1156,    1160, 

1169,    1210. 
wire,    1169. 
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Breathin;, 

«ir  consumed  in — ,  820. 
Brick,  Bricks.  1218.  1219. 
arches,  629,   632. 
cost  of — ,    1408. 
flinders,  sinking  of — ,  599. 
-dust,   1217. 
friction  of — ,  411. 
incnisUtion    of — ,    1221,    1249. 
-laying,  1219. 

strength  of—,  476,  1214.  1215. 
weight  of—,  212,  213,  755. 
-work, 

mortar  required  for — ,   1243 

wei^t  of — ,  218. 
Bridge,  Bridges, 

See    also   Arch,    Beam,    Girder, 

Trestle,  Truss,  etc. 
arch — ,  618.     See  also  Arch, 
brick—.  629,  682. 
camber  of — ,  726,  746. 
cantilever — ,  696. 
centers  for — ,  681. 
clearance   for — ,    746. 
combination — ,   768. 
connections  for — ,   774. 
cost  of — ,  1108,  1111. 
crobs-section  of — ,   746. 
design  of—.  720,  745. 
electric  railway — .  745. 
erection   of — ,   748,   768. 
fricUon  rollers  for—,  725,  751. 
gauge  on — ,  746. 
headway  on — ,  746. 
highway — , 

specifications,   745. 
Jointe,    774. 
long-span — ,   782. 
painting  of—,  768,  764. 
•pier, 

head  due  to — ,  575. 
protection,  768.  764. 
Quebec — ,  column  failure,  1195. 
railroad — , 

cost    1108,  1111. 

specifications  for — ,  745. 
roadways,  drainage  of — .  628. 
specifications,   745. 
stone — ,  618.     See  also  Arch. 

centers  for — ,    681. 
suspension — ,   765. 
test  of  completed — ,   753. 
trusses,  689. 

weighU  of — ,  731,  738. 
weight  of  steel  in — ,  1109. 
wooden — ,    specifications    for — , 

768. 
Bridle  rods,   887. 
Briggs  logarithms,  70,  78,  80,  etc. 
Briquet,  Briquets, 

cement — ,  1283,   1236. 
British, 

Imperial  measure,  224,  234. 
rod  of  brickwork.  222,   1220. 


Broken. 

bubble-tube,  to  replace — ,    296. 

cross-hairs,  to  replace — ,  296. 

stone.    683.    1252.    1253,    1256, 
1305,  1375.     See  also  Rubble, 
and  Aggregate, 
foundations,    583. 
voids  in — .   688.   1235. 
Bronze. 

elastic  limit  of,  etc,  460. 

phosphor —  wire,  strength  of-- 
1212. 

weight  of — ,  212. 
Bubble-tube,  to  replace — ,  296. 
Buckle-plates,  750,  1167. 
Builders'  level,  to  adjust — ,  311. 
Buidlng,   Buildings, 

concrete—,  cost  of — .  1378. 

railroad — ,     cost     of — ,      1115, 
1118. 

specifications  for — ,  764. 
Buoyancy, 

of  air,  513. 

of  liquids,  210.  513,  515. 
Burkli-Ziegler  formula.  575. 
Burned  clay,  1217. 

ballast.   783. 
Burnetizmg,  1135. 
Burr  truss,  695. 
Burrowing  animals,  651. 
Bushel,  223,  224.  284. 
Butt  joint,  778. 
Buttresses,  612. 


C.  O.  S.  System.  841. 
Cable,  Cables,  etc, 

•stays.  766. 

xvire  rope — ,  1173,  1887,  1388. 
Caisson,  Caissons,  585. 

work  In—,  321. 
Calcium     chloride.      1246,      1275, 

1808. 
Calking,  660. 
Camber.    696,   726,    746. 
Canal.  Canals, 

boata.  684. 

flow  in—,   523,   560.   563.   564. 

leakage  from—.   829,   561. 

traction  on — ,  683. 
CanUra,  227. 
Cantilever,  Cantilevers.  437.  696. 

moments    in — ,    440.    442.    445. 
474. 
maximum — .  474. 

reactions  in — .  489. 

stresses  in — ,  474. 

of  uniform  strength.  486. 
Caps  for  blasting,  1398.   1402. 
CapiUlization,  41.  44. 

of  railroad  operation  cost.  1092 
Car.  Cars,  1052. 

axles,  inertia  of — ,  1065. 
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Car,    Cars, — continued. 

Bnilden,  Master — ,  gange,  812. 

classification  of — ,  1004. 

cost  of—,  1119. 

couplers,   1042. 

derrick — ,    1032. 

droppers,  1005. 

dimensions  of — ,  1058. 

dynamometer — ,   1067. 

earthwork  by — ,  1081. 

friction  of— »,  417. 

gaufce   of — ,   812. 

Master —  Builders'  ?auge,  812. 

poling  of — ,  1002. 

recording — ,  821. 

resistance  of — ,  417. 

riders,   1005. 

shifting  of — ,  1002. 

track-recording — ,  821. 

weight  of — ,  1053. 

effect    of —    upon    reaiatance, 
1060. 

wheels,  1040. 

coning  of — ,  1061, 
inertia  of—.  1064. 

wrecking — ,  1082. 
Carat,  219,  220. 
Carbon, 

dioxide,  in  cement.  1222,  1806. 

in  steel,  754,  1152. 
Carbonic   acid,  effect  on   concrete, 

1222.  1306. 
Carnegie, 

beams,  channela,  etc,  1174,  etc. 

steel  ties,  790. 
Cart,  Carts, 

earthwork    by — ,     1024,     1026, 
1029. 

excavating —      (wheeled     scrap- 
ers), 1029. 

-road,  repairs  of — ,  1025. 

rock,  removing  by — ,  1084. 

traction  of — ,  688. 
Cartridge,  Cartridges, 

dynamite — ,  1896. 

rack-a-rock,  1897. 
Cassiopeia,  285. 
Cast   iron,   754.     See  also  under 

the  article  in  question,  and  un- 
der Castings. 

columns,     498  d,     1189,     1190, 
1195,  etc. 

corrosion  of — ,  827,  828. 

elastic  limit  of — ,  460. 

elastic  modulus  of — ,   460. 

expansion  of —  by  heat,  817. 

friction  of — ,  411. 

modulus,  elastic —  of — ,  460. 

pillars.  498  d,  1189,  1190.  1195, 
etc. 

pipes,    658,    662,    1158. 

requirements  of — ,  1156. 

salt  water,  effect  of —  on — ,  827, 
594. 


Cast  iron, — continued, 
strength  of — , 

compressive — ,  1156,  1218. 

shearing — ,  499. 

tensile — ,  1156,  1212. 

torsional — ,  500. 

transverse — ,  476,   1156. 
weight  ot  218,   1157,  1210. 
Cast  steel,  754,  1152,  1218. 
Castellano,  227. 
Castelli's  quadrant,  561. 
Casting,  Castings. 

steel — ,  requirements  for — ,  764, 

1152. 
weight  of —  by  site  of  pattern, 

1157. 
Catch  sidings,   827. 
Cattle  guards,  cost  of — ,  1115. 
Cedar, 

strength  of—,  476,  1187,  1188, 

1145. 
weight  of—,  755. 
Cement,  CemenU,  1222-1287,  1254, 
1803,   1354. 

For   strength,   setting,   etc,   per- 
taining   to   mortar,    see    also 

under  Mortar, 
accelerated    tests    for — ,    1280, 

1237. 
adulterants  of — ,  1226. 
age  of—,   1227,  1308. 
analyses  of — ,   1225,   1284. 
bags,  1227,  1282,  1354. 
barrels,   1227,   1282,   1854. 
boiling  test  foi--   1230,  1287. 
brand,   specifications,   1354. 
brick-dust-,    1217,    1228. 
briquet,  1288,  1286. 
in  bulk,  1227. 
calcium     choride     in — ,     1240, 

1275,  1803. 
cementation  Index  of — ,  1220. 
chemistry     of—,     1222,     1225, 

1228,  1234.  1308. 
clay  in—,  1222,  1803. 
color  of — ,   1226. 
composition  of — ,  1225,  1284. 
cost  of—,  1375,  1403. 
deterioration  of — ,  1228. 
effects  of —  on — .     See  the  ma- 
terial or  agency  in  question, 

under  Cement, 
elements  of — ,  1222,  1225,  1284. 
Era — ,  1225. 
exposure  of — ,  effect  of — ,  1228. 

1247,    1308,    1354. 
factor,  lime —  of — ,   1226. 
fineness  of — ,  1226,  1282,  1238, 

1235,    1308. 
flashing  of—,  1228,  1247. 
grout,   1270,   1273. 
gypsum  in—,  1246,  1247.  1808. 
hardening     of—,     1222.     1245. 

1247,  1248. 
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Cement, — continned. 
hydraulic 

index  of — ,  1225. 

lime,  1225. 

modulus  of — ,  1225. 
index  of — , 

cementation — ,  1226. 

hydraulic  — ,  1225. 
inffredienU    of—,     1222,    1225, 

1234. 
iron  ore — ^  1225. 
•and-iron  pipe,  057. 
for  leaks,  1382,  1884. 
lime, 

effect  of —  on — ,  1222,  1234, 
1244,  1245,  1304. 

-factor,    1220. 

hydraulic—.    1225. 

-sulphate    in — ,    1246,    1247, 
1803. 
loam  in — ;,  1308. 
magnesia  m — ,  1282,  1284. 
manufacture  of — ,  1223. 
-mix,   typical — ,   1803. 
modulus      of — ,      hydraulic — , 

1225. 
•mortar.  1222    1248,  1804.     See 

also  under  Mortar. 
in  mortar,   1243. 
natural—,     1224,     1803,    1354, 

1403. 

in  concrete,   1254. 
needle,  Vicat— -,    1246. 
packages     of — ,     1227,     1232, 

1854. 
Portland — , 

manufacture  of — ,  1228. 

price  of — ,  1403. 

where  required,   1854. 

uses  of — ,  1224. 

white—,   1225. 
properties     of — ,     1226,     1282. 

See  also  the  property  in  ques- 
tion. 
Puzzolan— ,   1222,   1224. 
quantities    of —    required    and 

used,  1254,  1808. 
requirements  of — ,   1229,   1282, 

1284. 
restoration  of — ,  1228. 
•rock,   1222. 
Roman — ,    1223. 
Rosendale — ,    1223. 
samples  of — .   1232,   1234. 
sand,  effect  of —  upon — ,  1249. 
Betting    of — ,    1222,    etc.      See 

also    Concrete,    setting    of — i 

and  Mortar,  setting  of — . 
shipment     of — ,      1227,      123^ 

1854. 
BiUca— ,    1224,    1808. 
slae^,    1222,    1224.   1245. 
soundness    of — .      See    Mortax, 

soundness  of — . 


Cement, — continued. 

specific     grarity     of — ,      1226. 

1232,  1234. 
specifications  for — .  1229,  1232, 
1234,  1352.  1354. 
American     Society     of     Civil 

Engineers,    1231. 
American  Society  for  Teatlnff 

Materials,   1232. 
Engineering   Standards    Com- 
mittee   of    Great    Britain, 
1232 
tJ.  8.  Engineer  Officers,  1229. 
storage  of—,  1228,  1247.  1354. 
strength     of — .       See     Mortar. 

strength  of — . 
sulphuric      acid      In — ,      1232. 

1234,    1303,    1304. 
testing  machines  for — ,  1230. 
tesU    of—,    1228.    1229.     1232. 

1284.   1248.  1254.    1854. 
typical  mix  of — ,  1303. 
Vicat  needle  foi-— .  1246. 
weight  of—.  212.  1226,  ete. 
white—,   1225. 
Cementation 

index.  1226. 
Center,   Centers, 
for  arches,  631. 
of  buoyancy,  514. 
of  circle,  to  find — -,  168. 
of  force.  899. 
of  grarity,  886. 
of  gyration,  496. 
of  moments,  861. 
of  oscillation,  851. 
of  percussion,  351. 
of  pressure,  399,  501.  506,  514. 
for  turntables,  1000. 
Centigrade  thermometer,  818. 
Centigram.  226,  286. 
Centileter.  225,  235. 
Centimeter,   225,  231.   288. 
cubic — t  weights.  212. 
-gram-second   system,    841. 
Centistere,  225. 
Central 

angle,  in  railroad  currea.     See 

Sweep, 
forces.  854. 
Centre,  Centres.     See  Centar,  Cen- 
ters. 
Centrifugal  force,  854,   711,  758. 
Centripetal  force,  854. 
Chain.  Chains, 
cost  of — .  1409. 
in  curves.  875. 

diminished—.  878. 
equivalents  of — ^  282. 
Ounter's — ,   220. 
iron — ,    1207. 
-pump,   687. 
in  railroad  curvea,  875. 
diminished—,    878. 
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Ch»in.  Chain8,-~eontinued. 

-riveting,  774. 

strength  of — ,  1207. 

sub — ,   879,   910,   911. 

surveying — ,  274,  282. 

weight  of — ,  1207. 
Chaining,    151,    282. 
Chalk.  212,  1215. 
Channel,   Channels, 

flow  in—,   523,   527.  529.   660, 
568.    564. 

frog — .   829. 

-and-plate  columns,  1191. 

-section,  1176,  1177. 

gyration  radius  of — .  853  b, 

steel—,  1176,   1177. 

-switch,   837. 

-Ues.  792. 
Ciianneling  In  rock,  681. 
Characteristic,  70-79. 
Charcoal,  weight  of — ,  212. 
Chart,  Charts, 

isogonic — ,  U.  S. — ,  800. 

logarithmic — ,  73. 
ChaU.  for  ballast,  783. 
Cherry  wood,  weight  of — .  212. 
Cherts,  for  ballast,    783. 
Chezy  formula.  528. 
Chloride. 

calcium—.  1246,  1275,  1808. 

sine —     treatment    for     timber, 
787. 
Chord.  Chords. 

of  angle.  97  a. 

and  arc,  ratio  of — .  902. 

of  arcs,  to  find — ,  179. 

in  circles.  162,  179. 

in  curves.  875. 

-increments,   701. 

long—,     875,     891,     894,     914. 
915. 

in  one-degree  curve,  904,  905. 
table  of—,  894. 

stresses  in — ,  701,  709. 

of  trusses,  689,  701,  709. 
Chronometer,  266. 
Churn  drilling,  600. 
Cinder,   Cinders, 

•ballast.  783. 

•concrete,     1252,     1271,     1805, 
1355,  1365. 
Cippolettf  trapezoidal  notch,  559. 
Circle,  Circles,  161.  etc.     See  also 

Circular. 

angles  in — ,  94. 

areas  of — ,  tables  of — ,  168-178. 

chords  oi—,  162.  179. 

circumferences  of — ,  tables  of — , 
163-178. 
ratio  to  diameter,   161. 

great — ,  220,  284. 

gyration  radius  of — ,  353  a. 

and  polygon,  relation  between — 
161. 


Circle.  Circles, — continued, 
problems  in — ,  162. 
radius  of—,  161,  180. 
radius  of  gyration  of — ,  858  a, 
and  square,  relation  between — , 

161. 
tables    of     circumferences    and 

areas  of — ,  163-178. 
tangenU  to — ,  162. 
and    triangle,    relation    between 

— ,  161. 
vertical — ,   284. 
-wall,  for  turntable,   1000. 
Circuit,   CircuiU, 

track — ,  989. 
Circular, 

arc,   179,  etc.     See  alao  under 
Arc,   Arcs,  circular — . 
tables  of—,  183,  185. 
inch,  222,  1171. 
lune,  186. 
measure,   222. 

of  angles,   84,   97. 
of  wires,  etc,   1171. 
motion,   851. 

plates,   strength  of — ,  498. 
ring,    186,  209. 
sector,   186,    393. 
segment,  186,  187,  394. 
spindle,   208. 
xone,  180. 
Circulating  decimals,  88. 
Circumference,         Circumferences. 
161,  171,  178. 
and   diameter,   ratio  between — , 

161. 
of  ellipse,  190. 
Cistern,  Cisterns,  512,  1011. 
Civil  day,  month,  time,  year,  266. 
Civil  Engineers,  Am.  Soc.  of — , 
cement  specifications,  1234. 
rail  specifications,  794. 
Classification,    Classifications, 
of  cars,  1004. 

of  investments,  I.  C.  C,  1096. 
of  railroad  accounts,    I.   C.   C, 

1096. 
of  tracks,  781. 
•tracks,    1005. 
•yard,  994,  1002,  1005. 
Clay, 

and     alum,     in    mortar,     1808, 

1339. 
ballast,   783. 
in  cement,  1222,  1303. 
in  concrete,  1252,  1303,  1354. 
in  foundations,  583. 
loosening  of — ,  1024. 
in    mortar,    1217,    1218,    1245. 

1303. 
in  sand,  1242,  1308,  1354. 
specific  gravity  of — ,  1216. 
swelling     of —     by     absorption. 
583. 
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Clearance,  Clearances, 
in   bridges,   720,   746. 
of  cars,  1055. 
on  cnrves,  1048. 
-point,  825. 
•post,  825. 

in  reinforced  concrete,  1864. 
track — ,  825. 
in  tunnels,  1042. 
Clearing  and  grubbing, 

cost  of—,  1104,  1409. 
Climate, 

effect  of —  on  rain-faH,  822. 
Clinometer,   256,   311. 
Clinton  welded  wire,  1800. 
Clips,   for  cement  briquets,   1288, 

1236. 
Clock,  Clocks, 

to  regulate —  by  star,  266. 
time,  266. 
>wi8e,  360,  442. 
Close  piles,  590. 
Closet,  moist—,  1287. 
Closures,    in    turnouts,    822,    864, 

868,  878. 
Cloth,  tracing — ,  1389. 
Coal,  Coals, 

corrosive   fumes   from — ,    1162, 

1208. 
■oil,  weight  of — ,  214. 
•pockets,   cost  of — ,   1117. 
space  occupied  by  ton  of — ,  215. 
tar,  327,  328. 

creosote,  787. 
weight  of—,  212,  215. 
Coaling  stations,  cost  of — ,   1116, 

1118. 
Cock,  corporation — ,  664. 
Coefficient,  Coefficients, 

See  also  the  subject  in  question, 
contraction — ,      in      hydraulics, 

542. 
deflection — ,  483. 
expansion — ,     317,     806,     810, 
1278,    1306. 

in  reinforced  concrete,   1218, 
1306. 
friction—,  408.  409. 
roughness — ,  523,  564,  565. 
safety — .     See  the  construction 

or  material  in  question, 
stability — ,    423. 
uniformity — ,    1239,    1308. 
Coffer-dam,  585,  686. 
Coins,  values  of — ,  218,  219. 
Coke,   weight  of—,   212. 
Cold, 

effect  of — , 

on      concrete,      1262,      1270, 

1275,    1306,    1359. 
on  explosives,  1894,  1896. 
on  iron,  1156. 
on  mortar,  1220. 
on     train     resistance,     1058. 
1060. 


Cold, — continued. 
-roUed  iron,  1212. 
•twisted  lug  bar.  1299. 
-working  of  iron  and  steel,  1297. 
Colinear  forces,  861,  363. 
Collision    (impact),  847. 

-posts,  695. 
Cologarithm,  71. 
Column,  Columns,  495,  etc. 
axial  loading  of—,  497. 
axis  of — ,  495. 
braced — ,  498  d. 

capitals  of — ,  shapes  of — ,  1190. 
Carnegie  Z-bar — ,  1183-1185. 
cast  iron — .  498  d,  1189,   1190, 

1195,  1197,   1198,   1200. 
concrete — ,    1280,    1281,    1306, 

1365. 

footings  for — ,  1282. 

forms  for — ,   1263. 

hooped — ,  1281,   1866. 

reinforced — .  1263.  1280, 
1281,  1282.  1302,  1365. 
1366. 

strength  of — ,  1306. 
connections  in — ,   1191. 
deflections  in — ,  495. 
eccentric     loading     of — ,     495. 

498  c,  1366. 
elastic  limit  of — ,  496. 
ends    of — ,    arrangement    of — ^ 

496. 
factor    of    safety    for — ,    1193, 

1194. 
failure,  Quebec  bridge,  1202. 
fatigue  of — ,  496. 
footings,    1192,    1282. 
formulas  for — ,  497,  etc,   1143. 

etc,  1193,  etc,  1281. 
Gray—,  1187. 
gyration     radius     of — ,     853  a, 

353  h,  496. 
H— ,  1193. 

with  hinged  ends,  496. 
hooped — ,  1281,  1366. 
iron — ,     cast — ,     498  d,     1189. 

1190,  1195,  1197, 1198,  1200. 
iron    and    steel — ,    498,     498  a. 

760,   1183-1188,   1189. 

factors  of  safety  for — ,  1193, 
1194. 

formulas  for — ,  1198.  etc. 

rivet-slip  in — ,  1205. 

slendemess  of — ,  1190. 

teste  of—.  1199-1202. 
latticing     of — ,     stresses     in — . 

1204. 
loading  of — 

axial — ,  491. 

eccentric — ,  495,  498  c. 
masonry — ,  strength  of — ,  1215. 
neutral  axis  In — ,  496. 
Phoenix  segment — ,  353  b,  1186 
pin     connections     for — ^     496, 

1205. 
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Column,  Columns, — continued, 
radius  of  gyration  in — ,   358  a, 

358  b,  496. 
reinforced      concrete — ,      1280, 
1302,   1365. 
footings  for — ,  1282. 
forms  for — ,  1263. 
formulas  for — ,  1281. 
hooped — ,  1281,  1366. 
reinforcement  of — .  1302,  1365. 
rivet-slip  in — ,  1205. 
round-end — ,  498  d. 
safety  factors  for — ,  496,  1193, 

1194. 
segment — ,  358  h,  1186. 
slenderness  of — ,  1190. 
steel    and    iron — ,    498,    498  a, 

760,  1183-1188,  1189. 
strengths   of — ,    495,   etc,    1143, 

etc,  1189,  etc. 
and  tension  members,  1205. 
tests  of — .  498  a,  1199-1202. 
water — ,  1012. 
wooden — ,   761,   764,   1143,  etc, 

1147. 
Z-bai-— ,   1183-1185. 
Combination,  Combinations, 
bridges.  738,   763. 
crossings,  846. 
and  permutation,  40. 
Combined 

stresses,  494,   724. 
Commercial  weight,   220. 
Common, 

denominator,  35,  36. 
divisor,  85. 
factor,  35. 
fraction,  36,  37. 
logarithms.   70*91. 
measure,  35. 
multiple,   35. 
Compass,  Compasses, 
to  adjust — ,  298. 
declination   of — ,   301. 
variation  of — ,  301. 
Compensating  reseni'^oir,  653. 
Compensation,  Compensations, 
for  curvature.  1078. 

in  yards,  1005. 
water,  653. 
Compensator,  Compensators, 

in  signaling,   986. 
Complement,  97,  97  6. 
Component,  Components, 
force — .  362.  365,  369,  870. 
stress — ,  371,  ,454. 
summation  of — .  466. 
tangential — ,  369. 
Composition, 

chemical—-.     See  the  material  in 

question, 
of  couples,  405. 
of  forces,  862,  etc. 
of  ratios,  88. 


Compound, 
curves,  912. 

problems  in — ,  946. 
interest.  42,  43,  44. 
levers,  420. 
locomotives,  1047. 
pipes,  flow  in — ,  531. 
stresses,  494,  762. 
Compressed, 

air,  320,  597,  681. 
gun-cotton,  1397. 
Compressibility.     See  the  material 

in  question. 
Compression,  359,  454. 

and    bending,     combined,     494, 

724. 
members,    721,    722,    723,    747, 
760.    See  also  under  Columns, 
and  tension,  359. 
Compressive  strength,  454,    1188, 
1213,   1215. 

See  also  under  the  material   in 
question. 
Compressor.  Compressors, 

ail—,  681. 
Computing  instruments,  cost  of — , 

1421. 
Concentrated  loads,  444,  446.  484, 

705. 
Concrete,  1252. 

For  adhesion,  setting  and  other 
properties  pertaining  to  mor- 
tar,  see    also   under   Mortar. 
See  also  under  the  structure 
in   question.      For   reinforced 
concrete,  see  Reinforced  Con- 
crete, 
abrasion  of — ,  1304. 
absorption  by — ,  1305,  1374. 
acids,    effect   of —    on — ,    1276, 

1306. 
adhesion      of — .      1245,      1249. 
1258,      1274,      1279.      1294, 
1296.   1297.  1807,  1364. 
age     of — ,     effect     of —     on — , 

1248.    1305. 
tkggregSLte    for — ,     1252,     1804, 
1305.   1354.     See  also  under 
Aggregates, 
air,  effect  of —  on — ,  1306. 
alkali,  effect  of —  on — ,  1276. 
arches,   cost  of — ,   1378. 
asphalt,     for     waterproofing — , 

1273. 
beam,   beams, 

continuous — ,      1294,      1295, 

1368. 
diagonal  stresses  In — ,   1293. 
forms  for — ,    1262-1268. 
maximum  stresses  in — ,  1293. 
reinforced—-,      1283,       1366. 
See  also  Beams,  reinforced 
concrete — . 
shear  in—,    1291. 
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Concrete, — eontinned. 
beam,  beams, — continued. 

shear     reinforcement     for — , 
1202,   1294.    1206. 

specifications    for — ,    1366. 

strength  of — ,  1283. 

stresses  in — ,  1283.  1203. 
diagonal—,    1203. 
mazimnm — ,  1203. 
behayior    of — ,    1305. 
blocks,    1371,   1372. 
bond   in—,    1258,    1270,    1307. 
broken  stone  for — ,  1252,  1253, 

1256,    1305,    1375. 

Bee  also  nnder  Aggregate, 
building  blocks.  1371.  1372. 
buildings,  cost  of — ,   1878. 
burning  of — ,  effect  on — ,  1276, 

1306. 
carbonic  acid,  effect  of —  on — , 

1306. 
cement  for — ,   1222,   1254.    See 

also  under  Cement, 
chemical  properties  of — ,   1276. 
churning  of — .    1357. 
cinder—,     1252,     1271,     1305, 

1355,  1365. 
day    in—,    1222,    1245,    1252, 

1808,  1354. 
coefficient,     expansion —     of — , 

1278,    1806. 
cold,    effect    of —    on — ,    1262, 

1270,  1275,  1806,   1850. 
coloring   of — ,    1271. 
columns,      1280,      1281.    1806, 

1865.       See     also     Columns, 

concrete — ,  and  Columns,   re- 

inforced    concrete — . 
compacting    of — .    1268,    1805, 

1357,  1358,  1378. 
compressive        strength        of — , 

1274,    1361. 
conductiyity     of — ,     thermal — , 

1306. 
consistency    of — ,    1258,    1262, 

1355. 
continuous    beams    of — ,    1204, 

1205,  1368. 
contraction  of — ,  1247. 
coping,       specifications      for — , 

1360. 
cost  of—,   1875,   1412. 
cracks  in — ,  1276. 
crusher  dust,    as  aggregate  for 

— ,  1244,  1354. 
Cyclopean — ,   1253,   1258,  1355. 
dehydration  of — ,  1276. 
density  of—,  1256,  1257,  1305. 
depositing     of—,     1261.     1305, 

1857,    1858.      See    also    Con- 
crete,  placing  of — . 
dry — ,    1258,    1262,    1355. 

cost   of — ,    1378. 
ductility   of — ,    1270,   1306. 


Concrete, — continued. 

dumping  of — ,  1261.     See  also 

under  Concrete,  placing  of — . 
durabiUty  of—,  1305  . 
elastic  limit  of — ,  1306. 
elastic     modulus     of — ,      1274, 

1278,   1270,   1306.   1362. 
electrolysis    of — ,    1276.     1306. 

1307. 
expanded  metal  for — ,  1300. 
expansion     of — ,     1247,     1276. 

1278,   1305.    1306. 
expansion  coefficient  of — ,  1278, 

1806. 
experiments  on — ,  1303. 
fatigue  of — ,  1306. 
finish  of—,    1270,    1305,    1360, 

1378. 

cost  of—,  1878. 
fire,    effect    of —    on — ,     1276. 

1806,  1807. 
floors,  1264,  1266,  1366. 
flow  of — f   1305. 
forms  foi^— ,   1262,  1305.   1357 

See    also   Forms,    concrete — . 
foundations,        leveling        of — . 

1254. 
freezing  of—.  1262,  1270,  1375. 

1806,    1850. 

calcium    chloride,    to    prerent 
— ,  1275. 

forms,  remoral  of — ,  1359. 

protection  against — ,  1275. 
friction  of—,  1807. 
frost,  effect  of —  on.     See  Con- 
crete, freezing  of — . 
froxen — ,    removal    of — ,    1359. 
gases,  effect  of —  on — ,  1276. 
girders,  1264.     See  also  Floors. 

concrete — ;    Beams,    cone. — . 
grading  of— ^,   1256,   1257. 
grave]  for—,  1252,  1304.  1305. 
grouting  of—,  1270.  1273. 
handling      and     mixing     of — , 

.1258. 
heat,    effect    of —    on — ,    1274. 

1276.  1276,  1306. 
impermeabUity       of—,        1256. 

1271,      1804,      1306.      1360, 

1361. 
ingredients    of — ,     1258.       Set 

also    below    and    under    the 

material  in  question. 

handUng  of— ^,  1258. 

heating  of—,   1275. 

measurement       of — ,       1859 
1261,  1355. 

required,   1255. 

storage  of — ,   1259. 
inspection  of — ,  coat  of — ,  1378.         i 
in   iron   cyindera,   expansion  of 

— ,   1276. 
JoinU  in—.   1267,   1273,   1276, 

1858. 
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Concrete* — continued. 

laitanee,  1245,  1250.  1305. 

large  stones  in — ,  1253,  1258. 
1355. 

law  of  powers  in — .  1306. 

layers  in — ,  1262.  1358. 

for   leveling  foundations.    1254. 

lifUng— .  1260. 

limit  of—,  elastic—.  1306. 

loads  on — ,  allowable — ,  speci- 
fications. 1361. 

loam  in — .  1252. 

manipulation  of — ,  specifications 
for — .  1357.  See  also  Con- 
crete, placing  of — ;  Concrete, 
mixing  of — ;  Concrete,  han- 
dling of—. 

and  masonry  in  combination, 
1254. 

mass — .  cost  of — ,  1378. 

materials  for — .  1252.  etc.  See 
also  Aggregates.  Cement. 
Sand,  and  Concrete,  ingredi- 
ents of — . 

meUl   in — ,   1304. 

mica  in — ,  1303.  1354. 

mix  for — ,  natural — ,  1255. 

mixers  for — ,  1260,  1269,  1376. 
See     also     Concrete,     mixing 
of — . 
cost   of—,    1376,    1416. 

mixing  of — ,  1260.  1805.  1356. 
batch — .   1356. 
cost  of — ,   1376. 
hand — .   1260.   1356. 
machine — ,  1260.  1269.  1356. 
measurement   of    ingredients, 

1355. 
mixers,    1260,    1269. 
for  sidewalks,  specfns,   1370. 
water     for—,     1258.      1304, 

1355. 
weather,     effect     of —    on — , 

1260. 
wind,    effect    of —    during — - 
1260. 

modulus  of — , 

elasUc — ,    1274,    1278,    1279, 

1306,  1862. 
rupture—.    1274. 

moistening  of — ,   1358,  1359. 

mortar  for — ,  1222.  See  also 
under   Mortar. 

moulded — ,  1372. 

moulds  for — ,  1262,  1305,  1357. 

natural  cement — ,   1354. 

freezing  of — ,   specfns,   1359. 
uses  of — ,  1254.  1354. 

natural   misL    1255. 

night  work  in — ,  specfns,  1357. 

oU.  effect  of —  on,   1276,   1306. 

painting  of—,  1271.  1305. 

paving,  1369. 

percolation      through — .         See 

Concrete.  permeabiUty,  below. 


Concrete. — continued. 

permeability  of — ,    1256.    1271, 

1804.    1306,    1360,    1361. 
permit     for —     work,     specfns. 

1364. 
picking  of —  surface.  1270. 
in   piles,    1269,   1276. 
placing  of—,  1261,  1268,  1269, 

1305,      1357.      1358,      1370, 

1376.  1377. 

cost  of — .  1376,  1377. 

for  sidewalks,  specfns,   1370. 

under     water,     1268,     1269. 
1358. 
plain — ,   1254.      See  also  other 

sub-heads  of  Concrete. 
planU,  1258.  1269. 
plastering  of — ,   1360. 
plastering  with — .    1270.    1361. 
plasticity   of — ,    1305. 
plums  in — ,  1253,  1258,  1355 
Potenzgesetz,    1306. 
powers,  law  of — ,   1306. 
practice  in — ,  1303. 
pressure   of   water   on — ,    effect 

of—,   1306. 
proportions    of — .    1254,    1256. 

1257,  1355. 
protection  of — .   1275. 

for  sidewalks,  specfns,   1370. 
1871. 
railroad  ties^   792. 
rain,  work  in — ,  specfns,  1359. 
rammers  for — ,  1357. 
ramming     of — ,     1268,      1305, 

1357.  1358. 

cost  of — ,  1378. 
rehandling  of — ,  specfns,   1357. 
rehydration   of — ,    1276. 
reinforced — .     See  under  Rein- 
forced    concrete     and     Rein- 
forcement, 
requirements      for — ,      specfns. 

1861. 
resistance    of —    to    fire,    1276. 

1306. 
retaining  walls,  cost  of — ,  1378. 
retempering  of — ,  1305.  1357. 
salt,    effect    of —    on — ,     1275. 

1276. 
sand   in —  mortar,    1244.      See 

also  under  Sand, 
sea    water,     effect    of —    on — , 

1250,   1276,   1304,   1306. 
setting  of — ,   1258,  1274,   1305. 

See    also   under   Mortar,    set- 
ting of — . 
sewage,  effect  of —  on — ,  1306. 
shear  in — ,  1291. 
shearing    strength    of — ,    1274, 

1806,  1341,  1361. 
shrinkage  of — ,  1247,  1305. 
sidewalks,   specfns  for — ,   1369. 
soap-and-alum    treatment   for — . 

1273,  1305.  , 
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Con  Crete, — contixmed. 

soundness     of—,     1329,     1230, 

1282,      1284,      1237,      1247, 

1305. 
specifications  for — ,  1852,  1354. 
spreading  of — ,  cost  of — ,  1378. 
steam,  effect  of —  on — ,  1806. 
-steel.     See  Reinforced  Concrete, 
stirmps,      1292,      1296,      1307. 

1367. 
stone  for — .   1252,   1253,   1256, 

1305,  1375.     See  also  under 
Aggregate. 

storage  of — ,  cost  of — ,  1376. 
strength      of—,      1274,      1305, 

1306,  1341,  1361. 
compressive — ,  1274,  1861. 
shearings,  1274,  1306,  1341, 

1361. 
tensile—,  1274,  1306. 
torsional—,   1306,   1341. 
transverse — ,   1274,   1306. 
stress  and  stretch  of — ,  1306. 
stresses        in — ,        allowable — , 

specfns,   1361. 
stretch  of — ,  1279. 
subaqueous  use  of — ,  1268. 
sunshine,  effect  of —  on — ,  1306. 
superintendence  of —  work,  cost 

of—,  1378. 
surface  finish  for — ,  1270,  1305. 
1360. 

cost  of — ,  1378. 
temperature,     effect     of —     on, 
1262,      1274,      1275,      1276, 
1306. 
tensile     strength     of — ,      1274, 

1306. 
tests  of—,  1277,  1368. 
thawing  of — ,  1275. 
thermal  conductivity  of — .  1306. 
ties  for  railroads,  792. 
tooling  of — ,  1270. 
torsional  strength  of — ,  1270. 
transportation    of — ,    cost   of — , 

1376. 
transverse  strength  of — ,   1274. 
tremie,  depositing  by — ,  1268. 
voids  in—,  1256,  1805. 
volume  of — ,  1256,  1305. 

excess  of —  required,  1256. 
walls,  forms  for — ,  1264. 

retaining — ,  cost  of — ,  1878. 
washing  of — ,   cost  of — .   1376, 

1378. 
in  water.   1250,   1268,   1858. 
water,  effect  of —  on — ,  1306. 
mixing — ,    1258,   1304,    1355. 
pressure  of —  on — ,  effect  of 

— ,  1306. 
salt — ,  effect  of —  on — ,  1276. 
sea — t  effect  of —  on — .  1250, 
1276,    1304,    1806. 


Concrete, — continued. 

waterproofing  of — .  1272,  1800, 
1861.     See  also  Concrete,  per- 
meability of — . 
watertightness  of — ,  1256,  1271, 

1306,  1860,  1361. 
weather,  effect  of —  on — .  1359. 
weight  of—,  755,  1271. 
wet — ,  cost  of — ,  1378. 
wetness  of — ,  1258,  1262,  1355. 
See  also  Concrete,  consistency, 
wind,  effect  of —  during  mixing 
of—,  1260. 
Concretions  in  pipes,  655. 
Concurrent  forces,  861,  864.  880. 
Conductivity,      therflud — ,      1306. 

1307. 
Conduit,     Conduits.       See     Pipe. 

Pipes. 
Cone,  Cones,  200,  208. 

center    of    gravity    of — ,    395. 

897 
frustum  of — ,  201,  395,  397. 
Coning  of  car  wheels,  1040.  1062. 
Connecting   curve,    866. 
Conoid,  Conoids, 
frustum  of — .  209. 
parabolic — ,   209. 
Consequent.  38. 

Considdre  hooped  columns,  1281. 
Consistency,     1235,     1245.     1246. 
1304. 

normal—,  1235,  1246. 
"Consolidation"  locomotives,  1048. 

1050,  1051. 
Constant,    Constants.      See    Coeffi- 
cient, Coefficients. 
Construction, 
railroad — , 

cost  of — ,  1094,  etc. 
statistics  of—,  in  U.  8.,  1180- 
1133. 
train,  814. 
Contactor,  in   signaling.  992. 
Continued  proportion.  38. 
Continuous 

beams.  489.  494^.   1294.  1295. 

1368. 
frogs,  883. 
•rail  crossings,  847. 
rails,  810. 
Contour  lines,  302. 
Contracted  vein,  541. 
Contraction,  Contractions. 

of  area  under  tensile  stress.  752, 

754,  1153. 
coefficient 

in   hydraulics,   542. 
by    cold,    317,    806.    810,    818, 

1278,   1806. 
force   of — ,   817. 
incomplete — .  541,  544. 
of  rails,  818. 
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Contraction, — continued. 

of  waterway,  628. 

work  of — ,  817. 
Contractor's  profit.  1025. 
Controlled   manual   eignal   eystem, 

988. 
Conversion     tables     of     units     of 

weights,  measures,  etc,  228-258. 
Conveying   machinery,    cost    of — , 

1414. 
Cooper's  standard  loadings,  755. 
Coping,  concrete — ,   1360. 
Coplanar  forces,  361. 
Copper, 

compressibility,  etc,  of — ,  460. 

cost  of—,  1211,  1409. 

effect  of  cement,  mortar,  etc,  on 
— ,  1218,   1304. 

effect  of  water  on — ,   327. 

elastic  limit,  etc,  of — ,  460. 

expansion  of —  by  heat,  317. 

pipes,   seamless — ,   1211. 

roofs,   1210. 

sheets,   1210. 

strength  of — ,   499,   500,   1212, 
1218. 

-sulphate,  for  wood,  1135. 

tubes,  seamless — ,  1211. 

weight   of—,    212,    1156,    1160. 
1168,  1169,  1210. 
Cord,  Cords, 

loaded — ,  428. 

mechanics  of  th©^,  425. 

•polygon,  877,  428. 

of  wood,   234. 
Cork,   weight  of — ,   212. 
Corporation  cocks  or  stops,  664. 
Corrosion.     See  agent  or  material 

in  question. 
Corrugated, 

bars,  for  reinforcement,  1299. 

flooring,    1206. 

sheet  iron,    1162. 
Corrugation  in  rails,  798. 
Cosecant,  Cosecants,   97. 
Cosine,  Cosines,  97,  97  a,  97  b,  98. 

logarithmic—,   72,  143  a-146  &. 

table  of—,  98. 
Cost,    Costs.      See    the    article    in 

question. 

DaU,  Gillette's — ,  1098. 

price-list,   1400. 
Cotangent,    Cotangents,    97,    97  h 

98. 

tables  of—,  98-142,  143  cl46  h. 
Counterbracing,     634,     690,     705, 

712,  721,  738,  746. 
Counterforts,  612. 
Couplers,  car — ,  1042. 
Couple,   Couples,  404. 

moments  of — ,  406  a. 
Couplings  for  pipes  and  tubes,  657 

1164. 


Cover  plate,  728. 
Coversed  sine,  97  a. 
Crane,  Cranes, 

-cars,  1054. 
Creeping,   809. 

in  frogs,  838. 

of  rails,  809. 

steel  ties  reduce — ,  790. 

in  turnouts,   845. 
Creo-resinate  process,  1135. 
Creosote,  787,  788,  1134,  1401. 

for  ties,  cost  of—,  1112. 
Crescent  truss,  695. 
Crib,  Cribs, 

coffer  dam,  645. 

dams,  cost  of — ,  645. 

foundations,  584,  585. 
Critical  velocity,  415. 
Cross,  Crosses, 

•binding,  809. 

•bracing,   691,  710,  748. 

-hairs,  296,  306. 

-section  area,  456. 

•section  paper,  73,  1889. 
logarithmic — ,  73. 

-shaped  beam,  492. 

ties,    780,    784,   815,   etc.     See 
also  Ties,   railroad — . 
Crossing,  Crossings,  845. 

combination — ,  846. 

cost  of — ,    1115. 

grade — ,   cost  of  eliminating — , 
1124. 

highway — ,  alarms  for — ,  992. 

railroad — ,  845. 

specifications  for — ,  847. 

ties  for—,  847. 
Crossover,    Crossovers,   827,    844, 
868.     • 

ties  foiv- ,  timber  bill,  844. 
Crotch  frog,   823. 
Crowd 

weight  of—,   726. 
Crown,  Crowns, 

coin,  218. 

of  roadbed.  782. 
Crusher,    Crushers, 

-dust,  in  mortar,  1244,  1854. 

stone — ,    1416. 
Cube,  Cubes,  55,  194,  195. 

roots,   54,  etc.   66,   67. 
Cubic  measure,  222,  225,  234-235. 
Culmination.  284,  287.  288. 
Culvert,  Culverts,   613.   622,   627. 

cost  of—,  1111. 
Cup  bars,  1299. 
Curb,  Curbs, 

in  highway  bridges,  750. 
Current  meters,  562,  1421. 
Curvature, 

For    Railroad    Curvature,     see 
Curve,  Curves,  railroad — . 

of  the  earth,  153. 
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Chirre,  Curves.  ^.    , 

See  Arc,  p.  179;  Circle,  p.  161; 
Ellipse,  p.  189;   Parabola,  p. 
192,  etc. 
For  Rairoad  Curves,  see  Curve, 

Curves,  railroad — ,  below, 
elastic — ,  483. 

large—,  to  draw—.  181,  937. 
railroad—,  874-981. 

arc    measurement   of — ,    878, 

etc. 
on  bridges,  712,  756. 
clearance  on — ,  1043. 
compensation      for — ,      1005, 

1078. 
compound — .   912,   etc. 

problems  in — ,  946,  etc. 
connecting — ,   866. 
degree  of—,  875,  876. 
effect  of —  on  distribution  of 

live  load,  712,  756. 
equations  for — ,   890.  etc. 
gauge   on — ,   811,   812. 
geometry  of — ,   890,  etc. 
graphic    representation    of — , 

876-877. 
inner   and   outer   rails   on — , 

811. 
lead—  823. 

limiting—,  1084,  1085. 
location  of — ,   875,  etc,   921, 
etc,  977. 

changes  in — ,  940. 
problems    in — ,    938,    etc, 
937,  etc. 
maintenance  on — ,  821. 
measurement    of —    on     arc, 

878 
non-limiting—,   1084-1089. 
one-degree—,  functions  of — , 

904-908. 
ordinates  to—,  854,  875,  892, 
893,    930,    933,    954,    964. 
for    bending    rails    for — , 

816,    817. 
location     of     curve     by — , 

930,   933.   954. 
in    turnouts,    854. 
problems   in — ,    937. 
graphic  methods  foi 
rails  on — , 

bending  of—,   815-817. 
inner  and  outer — ,  811. 
laying  of—,  821. 
wear  of —  on — ,  813. 
resistance    on—,     1061-1062, 

1077-1078. 
resurvey  of — ,  958. 
reverse — ,   918. 
rolling  stock  on — ,   1043. 
sharpness     of — ,     876,     877, 
878,    881,    888,    909,    958- 
956,    968,    970. 


.  937 


Curve.  Curve8,-t-contlniied. 
shurpness  of — ^,— continued.. 

masdmum     and     miuimiim 
permissible—,   1079.    1080. 
in  spiral  curves,  968,  970. 
spiral — ,  966,  etc. 
superelevation  on — ,  968. 
tangent  to — ,  to  draw — ,  987. 
transition — ,  966.  etc. 
in  tunnels.  1036. 
in  tumouta,  860,  868. 
turnouts    from — ,     854,    859, 

873 
work  done  on — ,  1077-1078. 
tangent  to — ,  to  draw — ,  987. 
in  water  pipes,  587. 
Curvilinear  motion,   851. 
Cut,  Cuts, 

cost   of—,    1024-1035. 
grades  in — ,  1077. 
-list,  1004. 

measurement  of — ,   1014-1023. 
Cut-off,  in  locomotives,   1046. 
Cuttings,  level — ,  Uble  of — ,  1014. 
Cycloid,  194,  394. 
Cydopean    concrete,    1258,    1258, 

1355. 
Cylinder,  Cylinders,  196-198,  208, 
223,    525.    526. 
iron — ,  concrete  in — ,  1276. 
locomotive — ,   1046. 
pressure  in — ,  511. 

strengths  of — ,  511.  

volume  of—.  197-198,  208,  223. 
525,   526. 
Cylindrical. 

ungula,  199,  897. 
Cyma,  to  draw—,   191. 


Dam.    Dams.    400,    etc,   430,   etc. 

488,  etc,  502.  576.   642. 

backwater  on — ^   575. 

cautions   respecting — ,    486. 

center    of    pressure    against — , 
400. 

coffer — ,  585-586. 

construction  of — ,  585,  643. 

deflection  of — ,  436. 

discharge  over — ,  547. 

head  on — ,  575. 

masonry — ,  400,   etc,   430,  etc, 
488,  etc. 

sUbility  of — ,  438,  508. 

stone,    400,   etc,   480,   etc,   433, 
etc. 

Umber—,   642. 

trembling  in — ,  648. 

walls  of—,   508.   611. 

wooden — ,  642. 
Dating  nails,  788. 
Day,  Days,  286.  265.  266. 
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Dead  load.  Dead  loads, 

for  bridges,   690,  755. 

in   roof   trusses,    713. 

stresses      due      to — ,      graphic 
method,  703. 
Dead  rails,  1003. 
Decagon,   148. 
Decagram,  226,  231,  286. 
Decaliter,   225.   285. 
Decameter,  225,  233. 
Decastere,  225,  235. 
Decay  of  timber,    1134. 
Decigram,  226,  231.  286. 
Deciliter.    225.  235. 
Decimal,  Decimals,  37. 

of  a  degree,  mins  and  sees  in — , 
95. 

of  a  foot,  inches  expressed  in — , 
221. 

fractions.  87. 

logarithms,  70. 

roots  of — .  67. 
Decimeter.  225,  288. 
Decistere,  225. 
Deck  trusses,  692. 
Declination.   Declinations, 

magnetic — ,   301. 

of  a  star,  etc.  284,  290. 
Deflection,    Deflections, 

anele,  875,  921,  etc,  971. 
m  spiral  curves.  971,  977. 

of  arch,  436. 

of  beams,  480,  483.  486,  492. 
of  uniform  strength,  486. 

of  cantilevers,  480,  483.  486. 
of  uniform  strength,  486. 

coefficient.   483. 

of  cross-shaped  beams,  492. 

of  dams.  436. 

and  fiber  stress,  481. 

of  trusses,  718. 
Deformed  bars  in  reinforced  con- 
crete,   1278,    1297,    1307,    1362. 
Degree,   Degrees, 

of  curvature,    875,   876. 

of  latitude,  length  of — ,  220. 

of  longitude,  length  of. — ,  221. 

mins  and  sees  in  decimals  of — , 
95. 
Dehydration,    1276. 
Dekagram,  226,  231,  236. 
Dekaliter,   225,   235. 
Dekametor,  225,  233. 
Dekastere.  225,  235. 
Delivcr>'  yards,    1007. 
Delta  Cassiopeia,  285. 
Demagnetization  of  compass  needle 

302. 
Demi-revetment,  612. 
Denominator,   35. 
Density.  338. 

of  air,  320. 

relaUve— ,  210. 


Departures     and    latitudes,     274, 

960-961. 
Departure  tracks,  994. 
Depositing     concrete.       See    Con- 
crete, placing  of — . 
Depreciation,  48. 
Depth,  Depths, 

of  beams  for  a  given  deflection, 
488. 

conversion  table  of — ,  239. 

on  dams,  554. 

effective — ,  759. 

equivalent  of — ,  in  volumes  per 
surface.   250. 

flow  at  different — ,  560. 

for  a  given  deflection.  483. 

hydraulic  mean — ,  564. 

of  keystone,   613. 

for  permissible  deflection,  486. 

pressures    at    different — ,    601, 
648. 
Derailing,  825-826,  988. 
Derrick  car,  1032. 
Detector  bar,  989. 
Detrusion,  499. 
Dew-point,  321. 
Diagonal,  Diagonals, 

counterbraces,    712. 

of  parallelogram.  95,  157. 

stresses  in  beams,  494  o-a,  1293. 

of  trapezoid,  etc,  158. 

in  trusses.  689. 
Diagram.  Diagrams, 

of  curvature.  876-877. 

for  dead-load  stresses,  708. 

influence — , 

for  beams,  449. 

for  pressure  distribution,  408. 

for  Kutter's  formula,  570. 

for  live-load  stresses.  706. 

moment  and  shear — ,  449. 

of    reactions,    shears    and    mo- 
mente,  458. 

for  shear  in  trusses,  702. 

truss — ,   707. 

wheel — ,  706. 

for   Williams-Hazen   formula, 
529  ab. 
Dialing,  268. 
Diameter,  Diameters, 

of  bolte,  1165. 

of  car  wheels,  1040. 

of  circle, 

ratio  to  circumference,  161. 

of  pipes.  524,  1164,  1210. 
actual    and    nominal — ,    526, 
1164. 

square  roote  of — .  526. 

of  wire.   1169-1173. 
Diamond, 

bar,  1299. 

drill,  675. 

turnout.   825,  867. 
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Dimensiont.     See    the    article    in 

question. 
Diminished  chaine.   878. 
Dipper   ( constellation ),  285. 
Direction,  angle  of — ,  766. 
Dirt  baUast,  788. 
Disc  signals,  988. 
Discard,  in  steel  rails,  795. 
Discharge,    Discharges.      See   al.*;o 

Plow. 

through  adjutages,   540. 

throngh  channels,  560. 

through  compound  pipes,  581. 

through     contiguous     openings 
542. 

oyer  dams,  547. 

through  notches,   559. 

through  orifices,  539,  646. 

through  pipes,  516,  ete,  581. 

through  sewers,  574. 

through  short  tubes,  540. 

tables  of—.  261-265. 

through  thin  partition,  541. 

units  of  rates  of — ,  conyersion 
of—,  243. 

over  weirs,  547,  etc. 
Distance.  Distances, 

external—,  875,  891,  892,  904- 
908. 
in  spiral  curres,  968. 

frog—.  823,  852,  858,  854,  856, 
860,   868,   878. 

polar—,  284. 

records  of — ,  on  trains,  1068. 

by  sound,  816. 

tangent—,  875,  927-928. 
Distant  signals,  988. 
Distributing  reservoirs,    658. 
Distribution  of  pressure,  400. 
Ditch,   Ditches,  782. 
Diurnal  magnetic  variations,  801. 
Diving, 

apparatus,  cost  of — ,  1416. 

•beU,  321. 
Division,  Divisions, 

of  decimals,  37. 

of  fractions,  86. 

by    logarithmic    chart    or    slide 
rule,  75. 

by  logarithms,  71. 

of  a  modified  logarithm,  72. 

of  ratios,  88. 
Divisor,  common — ,  85. 
Dodecagon,  148. 
Dodecahedron,   194. 
Dollar,  Dollars, 

value  of — ,  218. 

weight,  etc,  of — ,  219. 
Dome,  pneumatic — .  666. 
Double, 

float,   561. 

•intersection  truss,   694. 

reinforcement,  1295,   1867. 


-Dapllcste. 

Double, — continued. 

riveting,  772. 

rule  of  three,  89. 

shear,  499,  774. 
Dowels,    for    screw    splices,     808, 

804 
Draft,'  Drafts, 

gear,  1042. 

of  horses,  683,  685. 

of  vessels,  515. 
Drag  scrapers,   1029,   1414. 
Drag    of    train    on    bridge.    711. 

758. 
Drain,  Drains, 

area  drained  by — ,   676. 

box—,    627. 

under  ditches,   782. 

foundations  of — ,  627. 

-pipe,    575. 
Drainage 

of  roadways  of  bridges,   628. 

sewers,    574. 

of  tunnels,  1086. 

of  turntables,  1000. 
Draw-bar    pull,    measurement    of 

— ,   1067. 
Draw-bridges,    696. 

cost   of—,   1111. 
Drawing, 

instruments,  cost  of — ,   1421. 

materials,    1389. 
Drawn  pipes  and  tubes,   1211. 
Dredge,   Dredges,    580. 

Und— ,    1032. 
Dredging.    580,   1409. 
Dress,    diving — ,    1416. 
Dressing,   stone — ,   601. 
Drifting  test,    752. 
Drill,    Drills,  cost  Of—,   141S. 

rock—,   600,   675. 
DriUing. 

artesian  weU— ,  671. 

rock—,  600,  670,  675. 

tunnel — ,    1036. 
Driving     wheels,     weights     on — , 

705,  etc,  755,  etc. 
Drop  tests,  1151. 
Drop  timbers,  644. 
Drowned  weirs,  554. 
Dry, 

drains,  627. 

measure,  228. 

rot,  1134. 
Dualin,    1898. 
Dubuat's  formula,    5^9. 
Ducat,   value  of — ,  218. 
Dump-cars,    1053. 
Dumping   of   concrete.      See   Con- 
crete, placing  of — . 
Duodecimals,  47. 
Duodenal  or  duodenary   notation, 

47. 
Duplicate  ratio,  88. 
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In     concrete, 


I>u8t»     crushei 

1244.   1354. 
Dwarf  signals,  084. 
Dynamics,  330. 

train — ,  1070,  etc. 
Dynamite,  1395,  1402. 
Dynamometer  cars,  1007. 
Dyne,  337,  341. 
Dyne-centimeter,  341. 


E 

E.  and  W,  line,  to  run — ,  277. 
E^arnings.    railroad —   in    U.    S., 

statistics  of — ,   1130-1133. 
Eartli, 

augers  for — .  670. 

bearing  power  of — ,  583. 

blasting  of—,  1396. 

boring  of — ,  670. 

curvature    of — ,     table    of — , 
153. 

friction  of—,  612,  683. 

great  circle  of — ,  220,  284. 

hauling  of — ,  1025. 

heat  of—.  320. 

leakage  through — ,  329,  651. 

leveling  of — ,  1025. 

loosening  of — ,  1024. 

natural  slope  of — ,  419,  607, 
610. 

pressure  of — ,  607. 

radius  of — ,  220. 

resistance  of — ,  583. 

sboTeling  of — ,  1024. 

shrinkage  of—,  1023. 

slope  of — ,  natural — ,  607.  610. 

supporting  power  of — ,  583. 

temperature  of — ,  320. 

weight  of — ,  212. 

-work,  1014-10.^5. 

cost  of—,  1024,  1105.  1106, 

1409. 
in  tunnels.  1036. 
volume  of — ,  1014.  etc. 
Easement  railroad  curves,  966. 
Easer  rail,  830,  846. 
East-and-west  line,  to  run — ,277. 
Eastern  elongation,  284. 
Easting,  274. 
Eccentric  loads,  484,  712. 
Effective  size,  1239. 
Efflorescence,  1221,  1249. 
Effort,  tractive—,  1047,  1050. 
Elastic, 

curve,  483. 

deflection  of  trusses,  718. 

limit,  459. 

modulus.  456,  458,  460. 

ratio.  459. 

resilience,  460. 


Electric 

blasting  machines,  1398. 

brakes,  1041. 

interlocking,  990. 

motors,  Inertia  of — ,  1065. 

railroad, 

bridges,  loads  for — ,  757. 
cost  of — ,  1129. 
signals  for — ,  991. 
Electricity  in  compass  box.  .302 
Electrolysis, 

in  concrete  and  reinforcement, 
1276,  1306,   1307. 
Elevated    railroads,    cost    of — . 

1124. 
Elevation,    track — ,    cost    of — . 

1124. 
Ellipse,   188-191. 

false — ,  to  draw — ,  191. 

ordlnates  to^,  189. 

tangent  to — ,  to  draw — .  189. 
Ellipsoid,  209. 
Elliptic, 

arc,  189,  190. 

arch,  616. 

Joints  in — .  to  draw — ,  189. 
Elm  wood, 

strength  of—,  476, 1137, 1138. 

weight  of—,  212. 
Elongation,  Elongations, 

in  bridge  steel.  752. 

by  heat.  317. 

polar   dists   and    azimuths   of 
Polaris  at—.  290. 

of  Polaris. 

location   of  meridian   by — . 

286. 
times  of — ,  288. 

of  a  star,  etc,  284. 

in     steel,     required — ,     1153. 
1154,   1155. 

of  truss  members,  718. 
Embankment.  1014-1036. 

cost    of—,    1024.    1105,    1106, 
1409. 

shrinkage  of—.  1023. 

sod  line  on — .  782. 
End.  Ends. 

post,  design  of — ,  723. 

reactions.  360,  439,  699,  702, 
714. 
Energy,  343. 

kinetic—.  343,  345. 

potential — .  346. 

and  speed.  1070. 

of  trains.  1070. 
Engine.  Engines. 

cost  of — ,  1414. 

-houses,  cost  of — ,  1116,  1118. 

pumping — .  1012. 

wheol  loads  of — ,  705. 
Engineers'  instruments,  291-311. 
Entry  head,  616. 
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Equal, 

altitudes,    location    of    meridian 
by  any  star  at — ,  287. 

shadows  from  the  sun,  location 
of   meridian   by — ,    288. 
Equality  of  ratios,   38. 
Equation,  Equations, 

of  payments,  42. 

of  time,  265. 
Equilateral  turnout,   825,  867. 
Equilibrium,  858. 

in  beams  and  trusses,  437,  466, 
698. 

of  couples,   405. 

of    floating    bodies,    axis    of — , 
514. 

indilFerent — ,  387,  514. 

in  levers,  360,  419. 

of  moments,    360,   419. 

-polygon    in   trusses,   707. 

stable — ,  887.  614^ 

unstable—,   387,   514. 

vertical  of — ,  514. 
Equipment, 

railroad — , 

cost  of — ,  1119. 
statistics    of — ,    1180-1138. 
Equivalence    of   work    in    trusses, 

718. 
Equivalents     (conversion    tables), 

230,  etc. 
Erection  of  bridges,  748,   768. 
Erg,   341. 
Erx-cement,  1225. 
Establishment  of  a  port,  828. 
Euler's      column      formula,      497, 

498  a,  498  b. 
Evaporation,  829,  561. 

from  mortar,   1304. 
Evolution  by  logarithms,  71. 
Excavation,      Excavations,      1014- 

1085. 

cost  of—,  1024,  1409. 

grades  in — ,    1077. 

railroad — ,     cost     of — ,     1105, 
1106. 

in  tunnels,   1086. 

volume  of — ,  1014. 
Excavators,   steam — ,    1032. 
Excess  loads,  concentrated — ,  705. 
Expanded  metal,  1300. 
Expansion,    Expansions, 

bearings,  721,  725.  751. 

bolts,    1166. 

coefficient,    317,    806,    810. 

of   concrete,    1247,   1276,   1^05. 

force  of — ,  817. 

by  heat.  317. 

of  rails,   818. 

•shims,   818. 
Expense,    ExT>enses,    of   railroads, 

1095,    1130-1133. 
Explement,   97. 


Exploder,  Exploders,  1898. 
Explosive,    Explosives,    1894. 

cost  of—,    1402. 
Exponential  formulas.  529. 
External,     Externals,     875,     891 

892,   904-908. 

distance.     See  External,   above, 
in     one-degree    curves,     004. 

905. 
in  spiral  curves,  968. 

secant,  97  a. 
Extrados,  613. 
Extreme    fiber    stress,    permissible 

— ,  759. 
Extremes,  in  ratio  and  proportion. 

88. 
Eye-bars,  721,   747. 

design  of — ,  722. 

full-sise — ,  tests  of — ^  758. 


Factor,  Factors, 

common — ,  85. 

friction — ,  631. 

Ume — ,    1226. 

and  multiples,  85. 

roughness — ,  528. 

safety — .     See  the  eonatruetion 
or  material  in  question. 
Fahrenheit  thermometer,  318. 
FaUing, 

bodies,  348,   539. 

water    (horse-power),  678. 
False, 

ellipse,  to  draw^—,  101. 

flanges,  880,  832. 

-works,  748. 
Fanega,    227. 
Fascines,   599. 
Fastening,  Fastenings, 

rail — ,  cost  of — ,  lllS, 

for  ties,  789. 
Fathom,  220,  232. 
Fatigue  of  materials,  465. 
Faucet  in  ^pe  joint,  660. 
Feet.     See  root,  Feet 
Felling  season,  788. 
Fence,  Fences, 

cost  of—,  1115.  1118.  1403. 

■now< — ,  cost  oi — ,  1115. 
Fencing,  cost  of — ,  1403. 
Feret,  R. — ,  sand  analysis,   1239. 
Ferris-Pitot  meter,   586. 
Ferrule  for  water  pipe,  664. 
Fiber,  Fibers, 

reactions,  466. 

stress,  466,  467.  etc,  481,  759. 
and  beam  deflection,  481. 
permissible — ^    759. 
Fifth  powers  and  roota,  67-6SI 
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Figure,  Figures,   148. 

areas  of — ,   160. 

to  enlarge — ,  IftO. 

irregular — ,  to  find  area  of — , 
160. 

similai^-,  484. 
Filler  (paint),  cost  of — ,  140. 
Filler  in  pin  Joints,  725. 
Filling,  spandrel — ,  613. 
Filtration,    rate    of — ,    equivalents 

of—,  229,  252. 
Fineness.     See  Cement,  Sand,  etc. 
Finish,  hard—,   1379. 
Fink  truss,  695. 

Fir  wood,  strength  of — ,  1137,  etc. 
Fire,  Fires, 

•box,  1044. 

effect   of —   on    concrete,    1276, 
1306. 

heat  of—,  317. 

-hydrant,  669. 
.  prevention   of — ,   788. 

-proof  floors,   1176. 

-proof  work;  reinforced  concrete 
in—,  1364. 

•proofing,  cost  of — ,   1412. 

•protection,  water  for — ,  650. 

temperature  of — ,  317. 

-tubes,  1044. 
Firing  of  blasts,  1398. 
Fish  plates,  798. 
Fittings,  pipe — ,  656.  1164. 
Flagging,  strength  of — ,  476. 
Flange,  Flanges,  1040,  1046. 

false — ,   830,   832. 

locomotive— J  1046. 
Flangers,    1055. 

Flangeways,  822,  829,  831,  884. 
Flashing  of  cement,  1228,  1247. 
Flat  shifting,   1002. 
Flexible  joints  for  pipes,  661. 
Floating, 

bodies,  518. 

mills,  578. 
Float,   Floats,   560,   561. 
Floor,   Floors, 

beams,   720,  749. 

connections  for — ,  780. 

bridge—,   720,   749. 

concrete—,   1366. 

forms  for — ,  1264,  1266. 
reinforced — ,    1366. 

corrugated — ,   1206. 

fire-proof — ,   1176. 

glass-,   1385. 

loads  on — ,  726. 

reinforced  concrete — ,  1366. 

sections,   rolled — ,    1206. 

systems  of  bridges.  720,  749. 

trough — ,    750,    1206. 

for  turntables,  1000. 

wooden —  in  bridges,  750. 

Z-bar — ,  1206. 


Florin,  218. 
FloUtion,  518. 
Flow, 

through  adjutages,  540. 

in  channels,  560. 

in  compound  pipes,  531. 

through     contiguous     openings, 

542. 
fuU— ,  540. 
Kutter's    formula    for — ,    623, 

563.   564. 
obstructions     to — ,     637,     576, 

578. 
through  orifices,   539,  546. 
in  pipes,  516.  • 

in  sewers.  574. 
through  snort  tubes,  540. 
steady — ,  527. 
in  streams,  560. 
in  syphon,  520. 
theory  of — ,  527. 
through  thin  partition,  641. 
in  trough,  544. 
over  weirs,  549. 
Fluid,  Fluids.     See  also  Liquid, 
friction    of—,    415,    523,    524, 

527. 

factor  of — ,  530,  531. 
Fly-wheels,  centrifugal  force  In — , 

355. 
FoUower,  in  pile-driving,  594. 
Foot,  Feet, 

cubic — ,  equivalents  of — .   222, 

284. 

of    substances,    weight    of — , 
212. 
equivalents  of — ,  282. 
-guards,  830,  834. 
inches  in  decimals  of — ,  221. 
of     mercury,      pressure      of — , 

equivalents  of — ,  241. 
per  mile,  equivalents  of — ,  237. 
per    second,    equivalents    of — , 

242. 
•pound,  237,  341. 
Footings  for  columns.  1192,  1282. 
Force,  Forces,  330,  882,  858. 
acting  upon  beams  and  trusses, 

487. 
acting  upon  trains,  1056. 
application    of — ,     point    of — , 

833. 
applied  and  imparted — ,  872. 
center  of—,  399,  506,  514. 
centrifugal — ,    354. 

on  bridges,  758. 
centripetal — ,  354. 
classification    of — ,    861. 
colinear — ,  863. 
component — ,   362. 
composition  of — ,  362,  364. 
concurrent — ,  864. 
coplanar — ,  864. 
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Forcet    Popcea, — continued, 
definition  of—.  332. 
of  expansion.  317. 
on  Inclined  planes,  340. 
internal —     In     beams,     4G6, 

494  a. 
lateral —   In  trains,   measure- 
ment of — ,  1068. 
as  linear  rate  of  work,  341. 
living—,  343. 
measure  of — ,  338. 
parallel—,  382. 

couples.  404. 

resultant  of — ,  399. 
parallelogram  of — ,  364. 
paralleloplped  of — ,  380. 
point  of  application  of — ,  333. 
polygon  of — ,  374,  377. 
resolution  of—,  362,  364. 
resultant  of — ,  362. 
In  rl^d  bodies,  330,  358. 
tractive — ,     1070.       See    also 

Traction. 

and  grade  length,  1076. 

measurement  of — ,  1067. 
on  trains,  1056. 
transmission  of — ,  358. 
triangle  of — ,  367. 
units  of — ,  358. 

conversion  of — ,  235. 
and  work,  relation  between — , 

341. 
Porclte,  1398. 
Foreign  coins,  218. 
Forestry,  788. 
Forglngs,    steel — ,    requirements 

of—,  1152. 
Form,  Forms, 

for  concrete,  1262,  1305,  1357. 

See  also  below. 

adhesion  of — ,  1267. 

for  beams,  1264. 

for  blocks,  1371. 

for  columns,  1263. 

cost  of—,  1377. 

depreciation  of — ,  1377. 

for  floors,  1264. 

for  girders,  1264. 

lagging  for — ,  1264,  1357 

lumber  for — ,  1265. 

reinforced — ,  1263. 

removal    of — ,    1267,    1359, 
1360. 

shifting     of — ,     cost     of — , 
1377. 

for  sidewalks,  1370. 

for  slabs,  1264. 

strength  of — ,  1266. 

tie-rods  in—.  1357. 

for  walls,  1264. 
Formula,     Formulas.      Sec     the 

given  problem  or  author. 
Forwarding   yard,    994,    1005. 
Foundation,  Foundations, 582,  etc, 
for  arches,  613. 


•FrIctloB. 

Foundation,    Foundations— cent. 

for  centers,  631. 

for  culverts,  627. 

cylinders  in — ,  594,  696,  597, 
599,  600. 

for  drains,  627. 

of  fascines,  599. 

leveling    of —    with    concrete, 
1254. 

for  retaining  walls,  612. 

for  trestles,  1038. 

for  turntables,  1000. 
Four-way  stop- valve,  667. 
Fourth  proportional.  38. 
Fraction,  Fractions,  35. 

logarithms  of — ,  71. 
Frame,  Frames, 

locomotive — ,  1046. 

unit—,  1301. 
Framing,  timber — ,  734. 
Franc,  value  of — ,  218. 
Francis's  weir  formula,  550. 
Franklin  Institute  standard  di- 
mensions of  bolts,  etc,  1165. 
Freeztng.  326,  etc. 

of    concrete.      See    Concrete, 
freezing  of — . 

of  dynamite,  1396. 

of  explosives,  1394. 

of  mercury,  318. 

of  nltro-glycerine,  1394. 

in  pipes,  656,  665. 

behind  retaining  walls,  604. 

in  stand-pipes.  663. 

in  track-tanks,  prevention  of — , 
1013. 

in  turnouts.  845. 

of  water,  326. 
Freight, 

cars,  life,  etc,  of — ,  1053. 

locomotives,  types  of — ,  1051. 

stations,  1006,  1115. 
cost  of — ,  1115. 

yards,  993,  1006. 
cost  of—,  1117. 
Friction,  407. 

angle  of—,  409,  432.  433. 
In  arch,  432. 
in  dam,  433. 

axle—,  410. 

of  cars,  417.  1057. 

coefficient  or — ,  408. 

of  earth,  612. 

-factor,  530,  531. 

fluid—.  415.  523.  524.  627.  etc. 

-head,  516.  628. 

on  inclined  planes.  350. 

internal —    of    rolling    stock. 
417.  1057. 

of  iron  cylinders.  593. 

Journal—,  416,  1057. 

kinetic—,  409. 
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Friction, — continued. 

loneitndinal- —       of       revolring 
shafts.  419. 

of  masonry,  411,  612. 

Morin's  laws,  410. 

of  piles,  598. 

of  revolving  shafts,  longitudinal 
—,  419. 

of  rivets,  1205. 

•rollers,  417,  725,  751. 

of  rolling  stock,  1057. 

train — ,  1057. 

in  walls,  608. 
Frictional  stability,  409. 
Prog,  Frogs,   822,   828,   880,   831, 
834. 

-angle,  829,  848,  853,  860. 

continuous — ,    833. 

cost  of—,  1113. 

crotch — ,  823. 

dimensions  of — ,  834,  864. 
American  Railway  Ass'n,  864 

•distance     ("lead"),     823,     852, 
853,  854,    856,  860,   868,  873. 

fastenings  for — ,   829. 

flangeways  in — ,   831. 

guard  rails  for — ,  834. 

left  and  right  hand — .  829,  833. 

movable-point      center — ,      846, 
847. 

-number,   829,   848,   871. 

•point,    823,    828. 

right  and  left  hand — ,  829,  833. 

■Uding  wing-rail — ,  833. 

specifications  for — ,  833. 

spring-rail — ,  831,  883. 

wear  of — ,   830. 

wing  rails  of — ,   829. 
Prost, 

in  concrete,   1359,   1360. 

in  turnouts,  845. 
Frustum, 

of  cone.  201. 

of  paranoia,  192. 

of  paraboloid,  209. 

of  prism,  195. 

of  pyramid,  201. 
Fteley  and  Stearns's  formula,  552. 
Fuel,  Fuels, 

locomotive — ,   1050. 

•stations,  cost  of — ,  1116,  1118. 
Fulcrum,  419. 
Full  flow,   540. 
Fumes, 

acid — ,    effect    of —    on    roofs, 
1381. 

coal — ,  efTect  of —  on  iron,  1162 
Inunction,  Functions, 

angular — ,   97,   97  a,  97  h. 

of  one-degree  curve,  904,  905. 

01  railroad  curves,  875,  etc,  904 
905. 


Function,  Functions, — continued. 

trigonometric — ,  97,  97  a,  97  h. 
Funded  debt  of  railroads,  1121. 
Fund,  sinking — ,  43. 
Funicular  machine,  427. 
Furlong,  220,  232. 
Furnace,   Furnaces, 

locomotive — ,   1044, 
Fusees,   as  signals,   982. 
Fusing  points,  817. 


G.  C.  D.,  35. 

Oage,  Gages.    See  Gauge,  Gauges. 
Gallon,  Gallons,  223,  224,  284. 
Galvanism,  effect  of —  on  metals, 

327,  656. 
Galvanized 

iron,   1162,  1404. 

pipes,  664. 
Galvanizing,  827.  1162,  1409. 
Gard,  Gards.    See  Guard,  Guards. 
Gas,  weight  of — ,  211. 
Gasket,   660,  661. 
Gate  valves,   666. 

cost  of—,  1426. 
Gauge,  Gauges, 

Birmingham  wire — ^,1169,1172 

hook—,  548. 

railroad — , 

on  bridges,  746. 
on  curves,  811,  812. 
in   turnouts,  828,  852. 

rain — ,  324. 

Stubs—,  1172. 

-stuff,    1379. 

wire — ,   1169-1173. 
Gauging  of  streams,  560. 
Gauntlet,  824. 

Gauthey's  pressure  plate,  561. 
Gear,  Gears, 

draft — ,    1042. 

locomotive    valve—,    1046. 
Gearing,  ratio  between  power  and 

weight,  420. 
Gelatine,   explosive — .    1898. 
Geographical   mile,    220. 
Geometrical, 

progression,  89. 

similarity,  92. 
Geometry,  92. 
Giant  powder,  1397. 
Gillette,  H.  P.—,  "Cost  Data,"  by 

— ,  1098. 
Gin.  686. 
Girder,  Girders.     See  also  Beams. 

details  of — ,  728. 

erection  of — ,  743. 

plate — ,  731,  747,  749. 
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Glass,  1384. 

cost  of—,  1385.  1408. 

expansion  of —  by  heat,  817. 

friction  of—,  411. 

strength  of—,  476.  1214,  1215, 
1385. 

weight  of — ,  212. 

window — ,    dimensions,    etc,    of 
— ,    1884. 
Glazing,   1384. 
Globe,  Globes,  204,  205. 
Glne,  adhesion  of — ,  1214. 
Glycerine,  nitro — ,  1394. 
Gneiss,  weight  of — ,  2^. 
Gold. 

strength  of — ,  1212. 

ralne  of — ,   219. 

weight  of—,  218,  219. 
Gordon's  column  formula,  497.. 
Grade,  Grades,  255-257. 

acceleration — ,  1076. 

comxwnsation — ,  1078. 

conversion   of — ,   237. 

cost  of  operation  of — ,  1076. 

crossings,  cost  of  eliminating — , 
1124. 

in  cuts,    1077. 

defined,   255,   256. 

effect  of —  on  horses.  683. 

equivalent — ,   1061. 

equivalents  of — ,  237. 

functions  of — ,  254. 

humps  and  sags,  1076. 

hydraulic—.   519,   521. 

length  of — ,  effect  of —  on  trac- 
tive force,  1076. 

limitations,   1077. 

Hmiting— ,   1078,  1084. 

momentum — ,   1076. 

non-limltin^p— .  1084, 1087-1088, 

and  operation  cost.  1076. 

as   percentage,   255. 

pusher — ,  1087. 

reduction  of —  on  curves,  1005, 
1078. 

resistance  of — ,  683,  1060. 

of  roads,  255,  683. 

sags  and  humps,  1076. 

of   sewers,    574. 

on  sidings,   1077. 

tobies  of—,  255-257. 

traction  on — ,  683. 

trains     on — ,     behavior     of — , 
1074. 

in  tunnels,  1036. 

on  turnpikes,  255. 

and  velocity,  1071. 

virtual — ,    1071. 

of  water  pipes,  668. 

work  on — ,  1076. 
Gradient,  hydraulic-—,  519,  521. 


Grading, 

of  aggregate  for  concrete,  1256, 

1257. 
cost  of—,  1024,  1104.  1105. 
railroad — ,  cost  of — ,  1024.  etc, 

1104,  1105. 
of  sand  for  concrete,  1238. 
Grain   (a  weight),  220,  226.  235. 
Gram  or  Gramme,  217.  226. 

equivalents  of — ,  236. 
Granite, 

as  aggregate,  1305. 
beams,  1216. 
blocks,  cost  of — f  601. 
expansion  of —  by  heat,  817. 
rubble,  cost  of — ,  602. 
strength  of — ,  476,   1216.  1216 
weight  of — ,  212,  765. 
Granulated  slag,  783. 
Granulometric    analysis    of    Band 

1288. 
Graphic,  Graphics, 
method,  applied  to 
couples,  405. 
curvature,    876-877. 
curve  problems,   937. 
stresses  In  trusses,   703,  706. 
statics,  428-431,  435. 
Gravel, 

as  aggregate,  1304,  1305. 
as  ballast,  788. 
boring  in — ,  670. 
concrete,  cost  of — ,  1378. 
in  concrete,  1252,  1304.  1305. 
cost  of—.  1375,  1378,  1402. 
dredging  in — ,  580. 
effective  size  of — ,  1239. 
for  foundations,  582. 
natural  slope  of — ,  610. 
quartering  of — ,  1238. 
screenings,  1238.  1245,  1305. 
uniformity  coeff.  of — ,  1239. 
weight  of—,  213. 
Gravity, 

acceleration  of — ,  250,  335-388. 

348-350,  539. 
center  of — ,  886,  etc. 
classification  yard,  1002. 
on  inclined  planes,  349. 
line  of—,  389. 
plane  of — ^  889. 
specific — ,  210. 
Gray  column,   1187. 
Great  Bear,  constellation,  285. 
Great  circle,  220,  284. 
Greatest  common  divisor,   85. 
Grillage,  590. 
Gros,  226. 
Gross  ton,  216. 
Grouping  yards,  1005.  , 

Grout.   1218,   1270,  1278. 
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Gmbbiner  and  clearing,  cost  of — , 

1104. 
Guard,  Guards, 

foot—,   830.  834. 

•rails,  750,  822,  823,  833,   834, 
1080. 

wheel — ,  750. 
Gudgeon,    416. 
Gumbo  as  ballast,  788. 
Gun,  Guns, 

-cotton,  compressed — ,  1397. 

-metal,  strength  of — ,   1212. 

-powder,  1399. 
cost  of — ,  1402. 
pile-driver,  591, 
weight  of —  (under  Powder), 
214. 
Gunter's  chain,  220,  282,  282. 
Gutta  percha 

pipe,  657. 

weight  of — ,  213. 
Gypsum, 

in  cement,  1246,  1247,  1303. 

weight  of — ,  213. 
Gyration,  radius  of — ,  852,  853  a, 

853  b,  496,   1174. 

H 

H.  C.  P.,  85. 

H-columns,  1198. 

H.  P.     See  Horse-power. 

Hair. 

cross — ,  to  replace — ,  296. 

stadia — ,  298. 
Half -section,  equivalents  of — ,  233. 
Hand,  Hands, 

-cars,  1055. 

-level,  310. 
Hard  finish,  1379. 
Hardening  of  mortar,  1222,  1245, 

1247,  1248. 
Hardpan, 

excavating — , 
cost,  1106. 
Hasselmann  process,   1135. 
Haul,  mean — ,  1025. 
Hauling,  683,  685.  1025,  1029. 
Havemeyer  bar,  1299. 
Hazen-Williams   formula,   529. 
Head,  Heads, 

-blocks,   843. 

of  bolts,   1165. 

on  dams,  575. 

due  to  obstructions,  675. 

entry — ,  516. 

friction — ,  516,  528. 

-light,   1046. 

for  piles,  593. 

pressure — ,  258.  etc,  518. 

-rod,  837. 
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Head,  Heads, — continued. 

theoretical — ,  639. 

tripod — ,  292. 

velocity—,    516,   539,   1065. 

virtual—.   1070,    1071. 

of   water,    258,    etc,    516,    518 
528,   539,   575. 

for  water  supply.  654. 
Heading,  1036. 
Headway  in  bridge,  746. 
Heat, 

of  the  air,  820. 

conduction  of — ,  by  air,  320. 

effect   of —   on    concrete,    1275 
1276,  11306. 

expansion  by — ,  of  air,  320. 
of  solids,  817. 
of  survey  chains,  274,  283. 

of  fires,  317. 

subterranean — ,  820. 

thermometers,  818. 

and  work,  units  of — ,  287. 
Hectare,   225,   234. 
Hectogram,  226,  286. 
Hectoliter,   225,  235. 
Hectometer, 

equivalenta  of — ,  225.  233. 
Heel,  Heels. 

•block,  830. 

•raiser,   830. 
Height, 

effect  of —  on  temperature,  320 

effect  of —  on  weight,  336,  348 

to  find —  by  barometer,  312. 

to  find —  by  boiling  point,  314 

to  find —  by  trigonometry,  151 
Heliography,  1890. 
Hemisphere,  208. 
Hemlock, 

strength,  476,  499,  1138,  1145 

weight,  218. 
Heptagon,  148. 
Hexagon,   148,   159. 
Hickory, 

strength,  476,  1137,  1188. 

weight,  213. 
High  explosives,  1394. 
High-speed  brake,  1041. 
Highest  common  factor,  35. 
Highway,  Highwajrs, 

bridges,  745,  etc. 
loads   on — ,   1109. 
weight  of  steel  in — ,  1109. 

crossings, 
alarms,   992. 
Hip 

suspender,  709,  746. 
Hogshead,  228. 
Hoisting 

cable   (wire  rope),  1387,  1388. 

machinery,  cost — ,  1414. 


Digitized  by  CjOOQ  IC 


Myu 


INDBX. 


Ho] 

Holes, 

for  blastingf  600. 

boring —  in  earth,  670. 

boring —  in  rock,  600,  670,  675. 
Home 

signals,  983. 
Homogeneity, 

tests  for — ^  1151. 
Homologous  lines  in  beams,  484. 
Hook-gage,  548,  1421. 
Hooped  columns,  1281,  1366. 
Hopper  bottom  cars,  1053. 
Horizon,    artificial — ,    298. 
Horizontal 

bracing,  691,  710,  -748. 

loads  in  trusses,  710. 

shear,  478,  494  c,  494  a. 
in  beams,  478. 
Horse,  Horses, 

power  of — ,  683,  1012. 

-power,  842,  685. 

equivalents  of — ,  244. 
of  falling  water,  578. 
-hour,  equivalents  of — ,  237. 
metric — ,   245. 
of  running  streams,  578. 

Xmmping,   day's   work,    1012. 

weight,   685. 
Hose,  cost,  1426. 
Hour,  Hours, 

-angle,  285. 

defined,  265. 

equivalents  of — ,  286. 
Howe  truss,  692,  736,  738. 

cost,  1111. 
H.  P.     See  Horse-power. 
Hump,  Humps, 

classification  yard,  1002. 

and  sags,  1076. 
Hundredweight,  216.  220. 
Hydrant,  Hydrants, 

cost,  1426. 

fire —    (fire-plug),    669. 
Hydraulic,   Hydraulics,   516.      See 

also  Water,  Flow,  Velocity,  Dis- 
charge, etc. 

cement.      See'  Cement. 

grade  line,  519,  521. 

index,   1225. 

lime,  1225. 

mean  depth.  523,  564. 

modulus,   1225. 

radius,   523,   564. 

ram,  578. 
cost,   1414. 
Hydraulicity  of  cement,  1222. 
Hydrogen,  specific  gravity,  213. 
Hydrometers,  211. 
Hydrometric   pendulum,    561. 
Hydrostatic,  ilydrostatics,  501. 

paradox,  501. 

press,  506. 
Hyperbolic  logarithms,  72. 
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•Inertia. 


I-beams.     See  Beams,  I — , 
Ice,  326,  etc. 

adhesion  to  piles,  594. 

blasting   of-—,    1396. 

in  stand  pipes,  663. 

strength,    compressive — ,    1215. 

weight,    218.   326. 
Icosahedron,  194. 
Illumination, 

of  cross-hairs,  286. 

of  stake,  surveying,   286. 

of  tracb,    1006. 

in  yards,  1006. 
Impact,    847. 

of  trains  on  bridges,   711,  758. 
Imperial 

gaUon,   224,   234. 

measure,    British,    224. 
Impulse,    337. 
Inch.   Inches,  216,   220,   etc. 

circular — ,    222. 

cubic — t   equivalents,   222,   234. 

in  decimals  of  a  foot,   221. 

equivalents  of — ,   221,   232. 

per  foot,  equivalents  of — .  237. 

of  mercury   (pressure),   equiva- 
lents   of-—,    241. 

miner's — ,  646. 

spherical — ,     equivalents     of — , 
222. 

square — ,  equivalents  of — ,  283. 
Inclination.        See      Grade      and 

Slope. 

of    courses    in    masonry,     603, 
620. 
Inclined, 

beams.  445,  485. 

plane,    255-257,   349,    869.    424. 
ropes   for — ,    1387,    1388. 
stability  on — ,  424. 
tables.   255-257. 
velocity   on — ,   349. 
Incomplete    contraction.    544. 
Increments,   chord — ,    701. 
Incrustation, 

of   boilers,    327. 

of  walls,   1221,   1249. 
Indeterminate  stresses,  720. 
Index, 

cementation — ,    1226. 

hydraulic — ,  1225. 

in    logarithms,    70. 
India   rubber,   weight,   213. 
Indicator,   Indicators, 

for  signals,   991. 
Indifferent  equilibrium,   887,    514. 
Inertia,   338. 

moment  of — .   351,   468. 

resistance    of — , 
in    trains,    1068. 

roUUonal — ,    1064. 
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Infinity,  symbol  for — ,  88. 
Influence     diagranu,     408,     449, 
!  702. 

Ingots,  steel — ,   795. 
Inspection, 
-cars,    1055. 
of  ties,   820. 
InsUbility,   514. 
Instruments, 

engineers'    and    surreyors' — . 
construction,  adjustments,  etc, 

291-811. 
moving  the—,   923. 
Interest,  40. 

during    construction     (B.    B.), 
1119. 
Interlockers, 
cost,  1118. 
Interlocking, 
electric — .    990. 
mechanical — ,  988. 
pneumatic — ,    990. 
International, 

Bureau   of   Weights  and   Bfeas- 

ures,   217. 
metric  screw-thread,    1165. 
Intersection,    intersections, 
in  railroad  curves,   875. 
in   trusses,    694. 
Interstate    Commerce    Commission, 
investments, 

classification  of — ,  1096. 
railroad, 

accounting    prescribed    by — , 

1096. 
sUtlstics,  1180-8. 
valuation  by — ,   1095. 
Interval,    Intervals, 

train — ,    986. 
Intervolved    tracks,    824. 
Intrados,    618. 
Inverse   proportion,    89. 
Inversion   of  ratios,   88. 
Investment, 

classification    of — ,    1096. 
Involution,  54-69. 

by  logarithms,  71. 
Iron. 

See  also  under  article  or  struc- 
ture   in    question.      See    also 
Steel, 
balls,  weight,  1156,  1157.  1159, 

1161,  1210. 
bars,  weight,  1159,  1160. 
bending  tesU,  1153. 
blasting    of — .    1396. 
bolts,   1165,    1168. 
cast — .      See   Cast  Iron, 
castings,  weight  of — ,  1157. 
cement,  effect  of —  on — ,  1278, 

1304.  1307. 
and  cement  pipes,  657. 
chains,   1207. 


Iron, — continued. 

cold,    effect    of — ,    on — ,     274, 

1156. 
cold-rolled — ,  1212. 
columns.      See     Columns,     iron 

and  steel — . 
compressive   strength,    1213. 
concrete,  effect  of —  on — ,  1278, 

1306. 
contraction  of —  by  cold,  274. 
corrosion  of — ,  327,  828,  1162, 

1218. 

by  coal  fumes,  1162.. 

in  mortar,  1218. 

in  water,   827,   828.   1218. 
corrugated    sheet — ,    1162. 
cost  of — t    1403. 
crushing  strength  of — ,  1213. 
cylinders, 

bursting  pressure  in — ,   511, 
512. 

in  foundations,  etc,   593-598. 
ducUlity  of — ,  460. 
effects   of   materials,   etc,   on — . 

See  the  material,  etc,  in  ques- 
tion, under  Iron, 
elastic, 

limit,  460,  1152,  1154,  1156. 

modulus,   460. 
expansion    of —    by   heat,    274, 

317. 
forged — .     See    Wrought    iron, 
friction  of—,  411. 
galvanized—,    327,    1162. 
hammered.     See  Wrought  iron, 
heat,  effect  of —  on — ,  274,  317. 
incrustation  of — ,   327. 
limit,  elasUc— ,  460,  1152, 1154, 

1156. 
malleable       cast — ,        strength, 

1156. 
manufacture,   1150. 
modulus,    elastic — ,    460,    1156, 

1278. 
mortar,  effect  of —  on — ,  1278, 

1304.    1307. 
net—,    774. 
-ore  cement,   1225. 
paints    for    preserving — ,     763, 

1383. 
pUes,   594. 

pillars.      See   Columns,    Iron — . 
pipes.        See      Pipes,      iron — , 

Pipes,  cast  iron —  and  Pipes, 

wrought  iron — . 
plates, 

weight  of—,  1159,  1161. 
porosity   of — ,   512. 
preservation  of — ,  327,  1218. 
prices,   1403. 

protection  of — ,  827,  1218. 
re-rolled — ,  1212. 
rolled — .     See  Wrought  iron. 
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Iron, — continued, 
roofs.     Bee  Boofs. 
rust,   327,   328.    1218. 
salt    water,    eiSPect    of —    on — , 

827,   594.        ^     , 
shearing  strength  of — ,  499. 
sheet — ,   1162. 
specific  gravity  ©'— •  ^JJJ- 
specifications   for--,    1150. 
strength    of—,    476,    *90»    500, 

1150,      1152,      1156,      1189, 

1212,    1213.      See   also   Iron, 

tensile,  etc. 
stretdh  of—,  460. 
T — ,  858  b,  1180. 
tensile  strength,  1212. 
tests,  1153,  1154    1156. 
torsional    strong^.    500. 
transverse  strength,   476,   1156. 
tubes,   1164. 
water,    effect    of —    on — ,    S^T, 

594 
weight.     213,    755,     1167-1164, 

1210. 
wire,  1173. 

rope.  1387,   1888.  _^ 

-wood       (Canadian),      strength, 

476. 
wrought.     See  Wrought  iron. 

requirements,   805. 
Isogonic  chart  and  lines,  800,  801. 


Jaw-plate,  724. 
Jet 

pile   driving,    595. 
Johnson,  J.  B. — ,  At%oAaa% 

column       formula.       498-498  6, 

1197,    1199,   1146. 
Johnson,   T.    H. — ,  ^noj. 

column     formula.     498      498  ft. 

1148-4,     1148,     1193.     1196. 

1199,  1200. 
•       Joint,  Joints, 

in  arches,  190,  629. 

bell —  for  pipes,   660. 

in  bridges,   724. 

butt—,    773. 

in  chimneys,  etc,  cement  for — , 

1382,  1384.  ^  ^     ,^^^ 

in   concrete   work,    1267,    1273, 

1276,  1358. 
distribution    of    pressure    In — , 

400. 
end — ,  in  roof  trusses,  738. 
flexible—  for  pipe,   661. 
functions  of  rail — ,  780. 
lap—,    778,    778. 
masonry — ,  distribution  of,  pres- 
sure in — t  400. 

inclination  of — ,  608.  620. 

lead  in—,  684,  1212,  1218. 


Joint,  Joints, — continued, 
net—.    774. 
pin—,    747. 

pin  and  riveted — .  721. 
for  pipes.  656,   660,  1164. 
pressures  in — , 

distribution  of — ,  400. 
rail—,    780,   818. 

cost.    1113,    1114.    1422. 
function  of — ,   780. 
riveted.  721,   749,  759.  772. 
in  roofs,   733.  1208,   1382. 
tlmbei— ,  734. 
toggle — ,  427. 
Jointers,  pipe — ,  cost  of — ,    1414. 
Joule,  341. 

equivalente  of — ,  237. 
per   second, 

equivalents  of — ,   245. 
Journal,  Journals,  1039. 
-friction,  416. 
friction—.    1057. 
Jumper, 
drill,   600. 


Kahn  tnua  bar,  1801. 
Keystone.  618.  614,  615. 
Kieselguhr,  1395. 
Kilogram, 

•oentigrade,     equivalents     of— 

237. 
equivalents  of — ,   236. 
Kilogrammeter,    equivalents    of- 
287 

per    second,    equivalents     of- 
245. 
KUoliter.'  225,  235. 
Kilometer. 

equivalents  of — .  225.  233. 
per  hour,  etc,  equivalente  of- 
243 
Kilowatt!  equivalents  of—.  245. 
Kinetic 

energy,  843,  345. 
friction.  407,  409. 
King, 

truss,  691. 
Knife-edge,  strength.  1213. 
Knot   (nautical).  220. 
Kutter*B   formula,    528,    564. 
Kyanizing,  1135. 
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loLcing,   722. 

Ladder,  Ladders,  824.  871. 

tracks,  1005. 
Lagging, 

for  centers,  631,   630. 
for  concrete  forms,  1264,  1357. 
Laitance.    1245,    1250,   1305. 
Lamp,  Lamps, 

switch — ,  840. 
Land, 

-dredge,    1032. 
measure.  222,  225,  238. 
required  for  railroads,   254. 
section    of — ,    area    of — ,    222, 

283. 
-surveying,  274. 
•ties,   612. 
Lap 

joint,  773,  778. 
siding,  828. 
-welded 

boUer  tubes,  1164. 
pipe,  656,  1164. 
Lard. 

as  a  lubricant,  415. 
weight,   213. 
Lateral 

bracing,  691,  720. 
forces  In  trains, 

measurement  oi — ,   1068. 
bracing, 

in  timber  trusses,  737. 
turnout,   866. 
Lath,  Laths,  1879,  1380. 
rib,   1801. 
wire — ,  1300. 
Lathing, 

cost  of — ,  1410. 
Latitude,  Latitudes, 
astronomical — ,  284. 
degree  of — ,  length,  220. 
and  departures,  274,  960. 
effect  of — 

on  barometer,  312,   314. 
on  gravity,  336,  348. 
LatUce 

bars,   747,    1190. 
column — ,  stresses  in — ,  1204. 
truss,  694. 
Latticing,    722. 
Launching, 

friction  of — ,  415. 
Laying 

of  bricks,    1219. 
of   pipe,   cost,    658. 
Lazy-jack, 

in    signaling,    986. 
Lead,  Leads,  pronounced  Leed, 
Leeds,    823,   864. 
-curve,  828. 
rail,  in  turnouts,  822. 
in  turnouts,  852,  853,  854,  856. 
860,   868,   873. 


Lead,  pronounced  Led, 

corrosion,  327,  828. 

cost  of — ,  1409. 

effect    of    cement,    mortar,    etc, 
on—.  1804. 

effect  of  water  on — ,  327,  828. 

elasticity,  etc,  of — ,  460. 

expansion  of —  by  heat,  317. 

in   masonry  joinU,    684,    1212, 
1218. 

-paint,  1382. 

-pencils,    1889. 

•pipe,   513,   1210. 

for  pipe  joints,  658-661. 

roofs,   1210. 

sheeU,  1210. 

strength   of — ,    1212,    1213. 

weight   of—,   213,    1157,    1160, 
1169,  1210. 

white —  cement  for  leaks.  1882. 

white —  paint,  1882. 
Leaded  tin,  1208. 
Leader,  824. 
League,  220,  226. 
Leak    in    roof,    to    stop — ,    1882. 

1884. 
Leakage.  329.  561,  642,  650,  651. 

thru  brick  walls,  to  preventr— , 
1220. 

Sylvester  wash  for — ,  1220. 
Leap  year, 

defined,  266. 

equivalents  dl — ,  286. 
Least  common, 

denominator,   35. 

multiple,  85. 
Leather, 

friction  of — ,  416. 

strength  of — ,  1214. 
Legua,  227. 
Length,  Lengths, 

per  length. 

units    of — ,    conversion   of — , 
287. 

per  time,  units  of — ,  conversion 
of—,  242. 

units  of — ,  conversion  of — ,  282. 
Level,  Levels,  306. 

builders' — ,  to  adjust.  811. 

cost  of—,  1421. 

-cutUngs,  1014. 

engineer's — ,  306. 

hand — ,  Locke — ,  310. 

note-book,  form  of — ,  309. 

Y— ,  306. 
Leveling, 

by  barometer,  812. 

by  boiling  point,  314. 

of  earth  on  embankment,  1025. 

screws,  292. 

track,  819. 
Lever,  Levers,  419. 
Leverage,  360.  419. 
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Librm,  227. 
Lift  bridges,    606. 
Ligne,  226. 
Lignum  Titae, 

BtrengUi,  476,  1137. 

weight.   218. 
Lime,  1217. 

in  cement,  1222,  1234. 

in   cement  mortar,   1244,  1245, 
1304. 

cost  of — .  1408. 

effect  of —  on  wood,  1218. 

•factor.  1226. 

hydraulic—,    1225. 

in  morUr,    1303. 

-paste.  1218. 

quick-—,   1223. 

in  cement  mortar,  1244. 

slack — ,  1228. 

in  cement  mortar,  1244. 

-stone.      See   Lime-stone,   below. 

sulphate.   1246.   1247,   1303. 

weight  of — ,  213. 
Limestone.  213.  1215.  1222. 

as  aggregate,   1305. 

in  cement  manufacture,  1222. 

crushed — ,  vs  sand.  1303. 

screenings,   1245. 
Limit,  elastic—,  459,  460.  482. 

See  also  the  material   in  ques- 
tion. 
Limiting, 

curves,   1064. 

grades,  1078,  1084. 
Limnoria,   1134. 
Line,    Lines,    92. 

of  action,  359. 

agonic — ,   301. 

center  of  gravity  of — .  391. 

contour — ,    302. 

hydraulic  grade—,  519. 

of  gravity,  389. 

isogonic — ,    801. 

-mile,  defined.  1095. 

parallel — ,   to  draw — ,  94. 

of  pressure,  399,  430. 

resistance — ,  430,  432,  434-436. 

of  resultants,  430,  432.  etc. 

thrust—,  430,  432.  484-436. 
Lining  of  tunnels,   1036. 
Link,  equivalents  of — ,  232. 
Linseed  oil,  cost  of — ,  1401. 
Liquid,  Liquids, 

See  also  Water. 

buoyancy  of — ,  513,  514. 

compressibility  of — ,   326. 

flow  of—,  516,   528,  524. 

fricUon.  415.  523,  524. 

measure,  223. 

pressure  of — ,  500,  518. 
transmission  of — ,  506. 

specific  gravity  of — ,  211. 
Liter,  224.  225.  235. 


Lock. 

Lithofracteur,  1398. 

Little  bear,  consteOation,  285,  286. 

Live    load,    690,    705,    709,     726. 

755. 
Living  force,  348. 
Livre,  226. 
Load,  Loads, 

on  bridges,   726,   755. 

cart — ,  of  earth,   1024. 

and  chord  stresses,   709. 

on    columns,    495,    1143,     etc. 

1183,  etc,  1189,  etc. 
dead—,   690. 
on  driving  wheels,  705,  etc,  755, 

etc. 
on  earth,  safe—,  588. 
on  floors,   726. 
for   given   deflection,   480,    481 

483. 
-line,  707. 

live—,  690,  705,  709,  726.  755. 
locomotive — ,  705.  etc,  755,  etc. 
moving.     See  Loads,  live — . 
permissible —  on  beams,  473. 
for  permissible  deflections.  485. 
on  piles,  592. 
on  roofs,  321,  713. 
on  roof  trusses.  713,  764. 
on  sand,  582. 
-stresses.  705. 
graphic   method,    706. 
suddenly    applied — ,    461,    486. 

1130. 
on  wooden  bridges,  764. 
Loaded 

chain,  428. 
cord,  428. 
Loading,   Loadings, 

axial — ,   coliunns,   495,  497. 
eccentric — ,    on    columns,    495. 

498  c,  1143. 
sUndard— ,  705,  755. 
sUndards  of — ,  for  cars.  1055. 
of  trusses,  690. 
wheel — , 

for  turntables,   998. 
Loam, 

in  cement,  1303. 
in  concrete,  1252. 
in  sand.  1303,  1354. 
test  for — ,    1242. 
Local  time,  287. 
Location,  Locations, 
of  curves,  875,  921. 
changes  in — ,  940. 
problems  in — ,  933. 
of  the  meridian,  284. 
and   operation   cost,    1081. 
railroad — ,  cost  of — ,  1100. 
of  railroad  curves,  875,  021. 
of  spiral  curves,  077. 
Lock,  Locks, 
air—,  507. 
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IiOck»  Locks, — continued. 

and  block  system, 
signaling,   988. 

gates,     spacing     of     cross-bars, 
506. 

rnit — ,   809,    1167. 
Locke  level,  310. 
Locking, 

automatic — ,    signals,   988. 

of  switches,   989. 
Locomotive,     Locomotives,     1044, 

1051. 

adhesion  of — ,  413.     . 

classification  of — ,   1047. 

compound — ,  1047. 

cost,  1119. 

dimensions  of — ,   1048.   1049. 

friction   in—,   1057,    1058. 

fuel  consumption  by — ,  1050. 

mileage  of — ,  in  U.  S.,  1052. 

performance,   1050. 

resistance  of — ,  1057,  1058. 

statisUcs.  1047.  etc,  1131-2. 

tractive  effort  of — ,   413,   1047, 
1050,   1070. 

water  foi-—,  327,  1011,  1050. 

weights   of — ,    1048,    1049. 

wheel  loads,  705,  etc,  755,  etc. 
Locust,  strength,  476,  1137,  1138. 
Logarithmic 

chart.  73. 

plotting,   74. 

sines,   tangents,   etc,   72,   143  a. 

trigonometric  ratios,  72,  143  a. 
Logarithms,  70-91. 
Long 

chord,  875,  891,  894,  914,  915, 
933. 

in  curve  location,  933. 
in  one-degree  curve,  904,  905. 
table  of — ,  894. 
in  turnouts,  852,  853. 

measure,   220,   225,   232. 

ton,  216. 
Longitude,  degree  of — ,  length  of 

— ,   220,   221. 
Longitudinal        and        transverse 

stresses   combined,   494,    724. 
Lorenz  switch,  841. 
Lower 

chord, 

design  of —  in  timber  trusses, 

733. 
splice.   736. 

culmination,   284. 
Lowering  of  centers,  681,  etc. 
Lowest  terms,  36. 
Lubricants,   415. 
Lug,   Lugs, 

stop — ,   837. 

bar,   1299. 
Lumber.    1402.      See   also  Wood. 

Timber,  cost. 


Lunation,  266. 

Lune,    Circular — ,    186. 

M 

Macadam  paving,  cost  of — ,  1412. 
Machine,  Machines, 

-drill.  675. 

funicular — ,  427. 

riveting — ,    775. 

-shop    (railroad), 
cost,   1116,  1118. 
Machinery, 

cost  of—,    1413. 

railroad    shop — , 
cost,  1117,  1118. 
Magnesia, 

in  cement.  1222,  1232,  1284. 

in  cemept  mortar,  1244. 
Magnetic 

declination,    301. 

variation,   301. 
Magneto-electric  blasting,  1398. 
Mahogany, 

strength,  476,   1137,   1138. 

weight,   218. 
Maintenance, 

railroad — , 

on   curves.    821. 

of  way,  820. 
Malleable  cast  iron,  strength,  1156. 
Mallet  locomotives,  1049. 
Man  power,  686. 
Manganese, 

in  steel,  796,  1152. 

steel, 

rails,   796. 
Manipulation, 

signal — ,  988. 
Mantissa,  in  logarithms,  70. 
Manual  block  system,  987,  988. 

controlled — ,   988. 
Manufacturers*  standard  specifica- 
tions for  steel,  1154,  1155. 
Maple-wood, 

strength,  476,  1137. 

weight,   218. 
Marble, 

cost,  602. 

expansion  by  heat,   817. 

strength,  476,  1215. 

weight,   213. 
Marc,  226. 
Mark, 

German — ,  218,  246,  etc. 

Spanish — ,  227. 
Masonry, 

in     abutments,     quantity     of — , 
623. 

adhesion  of  mortar  to — ,  1218. 

in    arches,    quantity    required, 
622-628. 
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Mssoniy, — continued . 

and     concrete    in     combination, 

1254. 
cost,  601,  1410. 
connes, 

inclination  of — ,  608,  620. 

lead    between — ,    684,    1212, 
1213. 
dam,    438. 

elastic  limit,  etc,  of — ,  460. 
foundations, 

loads   on — ,   750. 
friction  of—,  411,  603,  620. 
incrustaUon  of — ,  1221.  1249. 
joints  in — ,  distribntion  of  pres- 
sure on — ,  400. 

lead  in—,  634.  1212,  1213. 
limit,  elastic — ,  460. 
mortar  required  for — ,   1243. 
in  piers,  quantity  required,  628. 
pointing,   1249. 
quantity  required, 

in  arches,   622-628. 

in  piers,   628. 

in  retaining  walls,   610. 

in  walls  of  wells,  198. 

in   wing-walls,    624. 
to  render —  imperyious,  1220. 
in   retaining  walls,   608. 
strength  of, 

compressive — ,  1215. 
weight  of — ,  213. 
Mass,  834,  336,  388. 
Master  Gar  Builders, 

gauge,    812. 
Material,  Materials.     See  also  the 
Material  in  question, 
fatigue  of — ,   465. 
-particle,   358. 
-point,  858. 
strengths  of — ,  454. 
weights  of — ,  210,  etc. 
Mathematical   symbols,   38. 
Mathematics,  33. 
Matter,  defined,  330. 
Maximum, 

and  min  stresses  in  truss  mem- 
bers,  712. 
pressure, 

angle,  etc,  of — ,  607. 
stresses, 

in  beams,  494  a,  494 «. 
velocity,  560. 
Mean, 

depth,  hydrauUc — ,  523,  564. 

haul,   1025. 

proportional,    88. 

radius.   523,  564. 

of  ratio  and  proportion,  88. 

solar  time,   defined,  265. 

sun,  265. 

velocity,  522,  527,  560. 


Measure,  Measures,  216. 
apothecaries',   228. 
British-,    220.    222,   224,   234. 
circular — 

of  angles,   34. 

of  wires,  1171. 
common — ^  35. 

conversion  tables  of — ,  228,  etc. 
cubic — ,   222,  234. 
fluid—,  223,  224. 
liquid — ,  223,  224. 
long — ,   220.  232. 
metric — ,    217,    225,    etc,    228. 

etc. 
Russian — ,    227. 
Spanish — ,  227. 
square — ,  222,  233. 
weights,    etc,    conversion    tables 

of  units  of — ,  228. 
wine — ,  223, 
Measuring  weirs,   547,   646. 
Mechanical 

analysis  of  sand,  etc,  1288. 
stokers,  1044. 
Mechanics,    330. 
of  arches.   480-432. 
of  beams.   437.  etc,  466,  etc. 
of  masonry  dams,  430,  438-436. 
of  trains,  1070. 
of  trusses.  608,  etc. 
of  turntables,  998. 
Melan  system,  1301. 
Melting  poinU,  317. 
Mensuration,  92-209. 
Mercury, 

barometer,    312,    820. 

foot  of — ,  etc  (pressure),  eqniv- 

alenU  of—,  241. 
freezing-point,  318. 
thermometer,  818. 
weight  of — ,   213. 
Meridian, 

location   of — ,   284. 
of   longitude,    220,    221. 
variation  of  compass,  296,  301. 
Metacenter,  514. 

Metal,  Metals.     See  also  Iron,  and 
Steel. 

blasting  of — ,  1396. 
compressibili^,    etc,    of — ,    460. 
compressive       strengths       of — 

1213. 
ductility,  etc,  of — ,  460. 
efTect  on — , 

of  cement,  etc,  1218,  1278, 
1304.    1307. 

of  electrolysis,   327. 

of  galvanism,  327. 

of  heat,  317. 

of  lime.  1218.  1304. 

of  mortar.  1218.   1304. 

of  water,  827,  328.  594.  1218 
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Metal,  Metals. — continued. 

eUwtio  limits,  etc,   of — ,  460. 
expanded — ,  1800. 
expansion  of —  by  heat,  317. 
incrustation  of — ,   827. 
limits  of — ,  elastic — ,  460. 
modulus  of — ,  elastic — ,  460. 
preservation  of — ,  827,  1218. 

by  cement,   1304. 
protection  of — ,  327,  1218. 
requirements   of — ,    806. 
rib—.   1300. 

shearing  strengths  of — ,  409. 
sheet—,  1162,  1163,  1169,  1208- 

1211. 
Strengths  of — ,   476,   499,    500, 

1212,   1213. 
Stretch  of — ,  460. 
tensile  strengths  of — ,  1212. 
railroad  ties,  789. 
torsional  strengths  of — ,  500. 
transverse  strengths  of — ,   476. 
weights  of — ,  210,  etc. 
Meter,  Meters  (measure  of  length), 
equivalents  of—,  217,  225,  238, 

etc. 
Perris-Pitot — ,  536. 
Pitot— .  536.  561,  562. 
Venturi — ,    582,    etc. 
water — ,  649. 

cost,    1422. 

Ferris-Pitot.  536. 

Pitot—,    586,    561,    662. 

Venturi — ,  532,  etc. 

wheel — ,    562. 
Metric, 

atmosphere,  240,  320. 
horso'power,    equivalents     of — , 

245. 
horse-power    hour,     equivalents 

of—,  237. 
measures,    217,    225,    etc,    228, 

ete. 
screw    thread,    international — , 

1166. 
system,  217,  225. 

prefixes,    231. 
ton,  equivalents  of — ,  236. 
uniU.    225.    226.    230.    231. 
weights,   226,    230,    231. 
Mica 

in  monar.   1303,  1364. 
weight,   213. 
Middle 

ordinates.  180,  816,  817. 
thiie,  402. 
"Mikado"    locomotives,    1051. 
Mikron,  equivalents  of — ,  232. 
Mil. 

equivalents  of — ,  232. 
Mile,  Miles, 

equivalenU  of — ,  220,  232. 
geographical — ,   220. 


*^^»  Miles,— continued. 

per  hour,  etc,  equivalents  of — , 
242. 

land  and  sea — ,  220,  283. 

line — ,   defined,    1005. 

nautical — ,    220. 

sea—,  220. 

square —  (section),  222,  233. 

track—,    defined,    1095. 
MUeage, 

of  locomotives,  U.  S.,  1052. 
Millter,  226. 
Milligram,  226,  236. 
MiUiliter,   225,  235. 
MiUimeter,  225,  283. 
MiUs,  floaUng— ,  578. 
liiiner's  friend  powder,  1807. 
Miner's  inch,  546. 
Minim,   228. 
Minimum 

and  maximum  stresses,  712. 

sections,    722. 
Minute,  Minutes. 

in  decimals  of  a  degree,  95. 

equivalents  of — ,  236. 

of  time,  265. 
BUz,  natural — ,  1266. 
Mixers,  concrete — ,   1260,   1269, 

1376,  1416. 
Mixing, 

concrete,     1260.     1306,     1366. 
See  also  Concrete,  mixing. 

-water,  1268,  1304,  1866. 
Mlzar,  285.  287. 
Models. 

test  of — ,  caution.  478. 
Modified  logarithms,  72. 
Modulus,  ModulL    See  also  Co- 
efficient. 

elastic — ,  456,  458,  460.     See 
also  the  material  In  question. 

of  flow,  540. 

hydraulic—.  1226. 

of  resilience.  461. 

of  rupture,  468. 

section—,    467-8,    473,    1174, 
1180. 
Mogul  locomotives,  1061. 
Moist  closet,  1237. 
Moisture, 

effect  of — ,   See  the  material, 
etc,  in  question. 
Molded  concrete.  1372. 
Molds,  for  concrete.    See  Forms. 
Molecular  action,  358. 
Moment.  Moments,  860,  440.  442. 

452-3. 

in  arches,  424. 

in  beams.  440,  443. 

continuous — ,  489,  494  g. 

In  cantilevers,  440,  442. 

clockwise — ,  442. 

in  continuous  beams,  489, 
494(7. 
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Moment,  Moments, — continued, 
counter    clockwise — ,    442. 
of  couples,  405,  406  a. 
defined,  860. 
-diagrams,  479. 

for  trusses,  707. 
of  inertia,  851,  468. 
in  beams,  468. 
polar — ,  499. 
table  of — ,  469. 
influence   diagrams  for — ,   449. 
in  levers,  419. 
Uve  load—.  709. 
maximum  oending — ,  474. 

in  flat  plates,  498. 
negative — ,   442. 
of  non-coplanar  forces,  881. 
reactions  and  shears,  453. 
in  rectangular  beams,  468. 
in    reinforced    concrete    beams. 
1284,  1285,  1286,  1289,  1290, 
1291,    1368. 
resisting — ,  467. 
shears  and  reactions,  453. 
and   shear,   relation   of — ,    452. 
of  stability,  422,  508,  514,  608. 
summation  of — ,  466. 
in   trusses,   440,    701. 
Momentum,  387,  838,  345. 

-grade,  1076. 
MoncriefTH  column  formula,  498  d. 
Money,  218. 
Monier  system,  1300. 
Monolith  bar,  1299. 
Month,  civil — ,  sidereal — ,  synodic 

— ,  266. 
Morin's  laws  of  friction — ,  410. 
Mort&r 

abrasion   of — ,   1304. 
absorption  by — ,  1305,  1374. 
accelerated    tests    for — ,    1230, 

1237. 
acid  in—,   1303.  1304. 
adhesion     of — ,      1245,      1249, 
1258,      1274,      1279,      1294, 
1296,  1297,  1307,  1364. 
aeration    of — ,    1304. 
age  of—,  1248,   1305. 
boiling  test  for—,    1230,   1237. 
briquet,    1233,    1236. 
calcium     chloride    in — ,     1246, 

1275,    1303. 
cement-,  1222,  1243,  1304. 
cement  in— ^   1243. 
chemistry  of — ,   1248. 
clay  in—,  1245,  1303. 
consistency  of — ,  1245,  1304. 
effect  on  adhesion  of — ,  1245. 
laitance,     effect    of —    on — , 

1245. 
normal — ,  1235,  1246. 
contraction  of — ,  1247,  1805. 
erusher-dust  in — ,   1244,   1354. 


Mortar, — continued, 
density  of — ,  1304. 
drying  of — ,  1276. 
effects  on  materials,  or  of  m«(e 

rials,  etc,  on — ^.     See  the  ma- 
terial, etc,  in  question,  under 

Mortar, 
efflorescence  of — ,   1249. 
evaporation   from — ,   1304.  i 

experiments  on — ,   1304. 
expansion     of — ,     1247,     1276, 

1304,  1305. 
finish   of—,    1249,    1270,    1305, 

1360. 
freezing    of — ,    1275. 
grading  of — ,  1304. 
gypsum  in — ,  1246,  1247,  1303. 
hardening     of—,     1222,     1245, 

1247,   1248. 
Incrustation,  1248. 
laitance,  1245,  1250,  1805. 
lime — , 

in  arches,  616,  629,  638. 

bricks,   etc,    1217. 

clay,  effect  of —  on — ^   1218. 

effect  of —  on  iron,  1218. 
on    wood,    1218. 

grout,  1218. 

in  retaining  walls,    604. 

sand  in—,   1217,   1218.     See 
also    Sand. 

weight  of — ,  218,   1218. 
lime  m— ,    1218,    1244,    1245, 

1304. 

adhesion  of — ,  1218. 
magnesia  in — ,   1244. 
metals,     protection    of —    by — , 

1278,  1304,  1307. 
mica  in—,  1308,  1354. 
mixing,   1236. 
mixing-water  for — ,  1280,  1285, 

1245. 
neat —  and  sand — ,  1304. 
needle,  Vicat— ,  1246. 
normal  consistency  of — ,   1235, 

1246. 
permeabiUty  of — ,    1256,    1271, 

1304,    1306,   1860,   1861, 
plastering,   1304. 
plasticity,  1804,  1805. 
properties,   1247.     See. also  the 

property  in  question.* 
proportion     of —    in     concrete, 

1304. 
proportions  for — ,  1804. 
protection  of  metals  by — ^,*1304. 
quantity  required,   1243. 
re-grinding   of — ,    1805. 
retempering  of — ,   1805. 
richness  of — ,   1804. 
sal   ammoniac  in — ,   1804. 
salt    in — ,    1218,    1875,    1803, 

1804. 
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Morta 


-No 


Mortar,— conUnued. 

sand  fol^— ,    1217,   1218.   1238, 

1244.  See  also  under  Sand, 
sand  in — ,   1249,  1803. 

sand —  and  neat,   1304. 
in  sea  water,   1244,   1304. 
sea  water  in — ,  1250. 
setting  of—,  1232,  1234,  1235, 

1245,  1258,   1305. 
acceleration   of — ,    1246. 
calcium   chloride,   effect  of — 

on—,  1246. 

expansion,  1805. 

freezing,   1275. 

gypsum,     effect    of—     on — , 
1246. 

initial  and  final,  1246. 

lime,  effect  of —  on — ,   1244. 

rate  of — ,  1305. 

retardation  of — ,  1246. 

sand,  effect  of —  on — ,  1246. 

siUca,  effect  of —  on — ,  1246. 

speed  of — ,  1246. 

temperature,  1246. 
sewage,  effect  of —  on — ,  1306. 
shrinkage     of—,     1244,     1247, 

1805. 
slag  cement — ,    1245. 
soundness     of — ,     1229,     1230, 

1282,      1284,      1237,      1244, 

1247,    1304,    1305. 

lime,  effect  of —  on — ,   1244. 
strength  of—,  1282,  1233,  1237 

1245,      1247,      1248,      1249, 

1304. 

age,  effect   of —  on — ,   1249. 

compressive—,   1249. 

consistency,  effect  of —  on — . 
1245. 

sand,  effect  of —  on — ,  1249. 

shearing — ,  1249. 
sulphuric  acid  in — ,  1808,  1804 
tests    of—,    1229,    1282,    1284, 

1248. 
Yicat  needle,  1246. 
in  water.  1250,  1304. 
water,    mixing — ,    for — ,    1280, 

1235,   1245,   1304. 
Motion,   831. 
circular — ,  851. 
quantity  of — ,   888. 
relative — ,  881,  858. 
Motor,  Motors, 
electric — , 

inertia  of — ,  1065. 
"Mountain"  type  locomotive,  1051 
Mouth,  Mouths, 
frog — ,   828. 
Movable  bridges,  696. 
Movable-point    center    frog,     846, 

847. 
Moving  load,  690,   705,   709,  726, 
755,    1048,    1050,    1053.       See 
Load,  live — . 


i-coplanar* 

Mud, 

penetrability  of — ,  598. 

in  reservoirs,  651. 

weight  of—,  213,  581. 
Multiple,    Multiples, 

common — ,   35. 

and   factors,    85. 

right-of-way — ,    1102. 
Multiplication 

of   decimals,    87. 

of    fractions,    86. 

by  logarithms,   71. 

chart    or   slide-rule,    75. 
Mushroom  system,   1302. 
Muskrats.    651. 
Mjrriagram,  226,  286. 
Myrialiter,  225. 
Myriametor,    225. 


N 

NaU,  Nails,     . 

cost  of — ,    1406. 

dating — ,   788. 

shingUng,   1882. 

slating,    1381. 
Napierian    logarithms,    72. 
Narrow   gauge 

locomotives,    1048,    1049. 
Natural 

cement,    1223,    1808.      See   also 
Cement,    natural — . 

logarithms,    72. 

mix,    1255. 

sine,  etc,  97. 

slope,   419.  604,   606,  610. 
Nautical   mile,    220. 
Needle, 

compass — ,   293,   299. 
variation  of — ,  801. 

Vicat— ,   1246. 
Negative 

characteristics,   71,   72. 

exponents,     logarithmic     chart, 
76. 

moments,  442. 

numbers,    logarithms    of — ,    72. 
Net 

Iron,  net  plate,  net  joint,    774. 

section     of     tension     members, 
759. 

ton,   216. 
Neutral 

axis.  466. 

surface,  466. 
Newton's  laws,  382,  883,  837. 
Nickel   steel,   1152. 
Nicking  test,   752,   1151. 
Nitro-glycerine,    1894. 
Nonagon,   148. 
Non-concurrent    forces,    875. 
Non-coplanar   forces,    880. 
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Nonnal 

dear  signal,  087. 

component,    370. 

conBistency,    1285,    1246. 

danger  signal,   987. 

stress,   454. 
North 

point,  etc,  284. 

star,   285. 

-and-Sonth   line,    284. 
Northing,    274. 
Notation,  duodenal  or  duodenary, 

47. 
Number,   Numbers, 

and  equiyalents  in  common  use, 
conversion   tables,    231. 

frog—,   829,   848,   871. 

prime — ,  35. 

switch—,   862. 

by  wire  gage,  1169,  1173. 
Numerus  logarlthmi,  71. 
Nut,  Nuts,   1165,  1406. 

locks,  809,  1167. 


Oak, 

strength  of—,  476,  499,   1137, 
1188,  1145. 

weight  of—,  214,   756. 
Oblique,   Oblique, 

columns,   498. 

lines,    92. 

pressure,  372,  504,  607. 
Obstacle,   Obstacles, 

to  surveying, 

to  pasB^  281,  938. 
Obstruction,  Obstructions,  to  flow, 

575. 

by   piers,   575. 

in  pipes,  to  prevent — ,  655. 
Octagon, 

area  of — ,    148. 

to  draw — ,  169. 
Octahedron,  194. 
Office.    Offices, 

railroad — , 

cost  of—.    Ills. 
Offset,   Oifsete, 

Ungent— ,    875,    892. 
Ogee,  to  draw — ,  191. 
Oil,    Oils, 

coal —    (petroleum),    weight    of 
— ,    214. 

effect   of —   on    concrete,    1276, 
1806. 

weights  of—,  214. 

-wells,  nitro-glycerine.  1394. 
Oiling, 

ballast,   820. 
Once,  usuel,  226. 
Open    channels,    flow   in — ,    523, 

660. 


Open    hearth    steel,    requirementB 

of—,    1152. 
Openings, 

flow  through — ,   540-542. 
Operation, 

train — , 

cost,    1081,    1092. 
Ordinate,    Ordinates, 

for  bending  rails,   816,    817. 

in  curve  location,   933. 
Uble   of—,    898,   900. 

elliptic — ,   189. 

to  find—,   180. 

middle—,    180,    816,    817. 
for  rail-bending,   816,   817. 

parabolic — -,    192. 

in    railroad    curves,    875,    891. 
892,   896,   912. 
Uble  of—,  898,  900. 
Ore,  Ores, 

•cars,   1054. 
Orifices,  flow  through,  589,   546. 
OsciOation,  center  of — ,  351. 
Ounce,   220,   235. 

equivalents    of — .    235. 

fluid—,    223,    235. 
Outer, 

rail, 

superelevation  of — ,   963. 
Outflow,   velocity  of — ,  theoretical 

— ,  639. 
Outlet  valves,   653. 
Oval,  to  draw — ,  191. 
Overfall,    Overfalls, 

-dams,    642. 

discharge    over — ,    647. 

for   reservoir,    652. 
Overturning 

effect  of  wind,  710. 

work  of — ,   422. 


P.  C,  P.  C.  C,  P.  R.  C,  P.  T., 

874. 
"Pacific"  type  locomotiva,  1051. 
Packing, 

of  eye-bars,   723. 

-piece,    775. 
Paint,  Paints,  1883. 

cost,    1401. 

for  iron,  768,  1888. 

on  sine,  1162. 
Painting,    1382. 

of  bridges,   763,   764. 

on    concrete,    1271,    1305. 
Panel,  Panels. 

diagonal    ox — ,    t6    find    length 
of—,  160. 

-pointo,  692. 

-reactions,    702. 

in    trusses,    693. 
Paper.   1889,  1409. 
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Parabola,   192-198. 

See  also  Parabolic. 

center  of  gravity  of — ,  894. 

to  draw — ,  193. 

ordinates  of — ,    192. 

semi — ,  cen  of  grav  of — ,   894. 

tangent  to — ,  to  draw — ,  198. 
Parabolic 

arc,  192,  198. 

column       formula,       498-498  b, 
1146,    1197.    1199. 

conoid,   209. 

frustum   of — ,    209. 

curve,    192,    198. 

frustum,    192. 

ordinates,   192. 

zone,    192. 
Paraboloid,   209. 

center  of  gravity  of — ,  898. 
Paradox,  hydrostatic — ,  501. 
ParaUel 

forces,    861,   882,   514. 
couples,    404. 
resultant  of — ,   882,   899. 

lines,   to  draw — ,   94. 

plates,    292. 
Parallelogram,  Parallelograms,  95, 
157. 

force — ,  364. 
Parallelepiped.   195. 

force — ,   380. 
Particle,    material — ,    868. 
Partition,  thin — ,  flow  through — , 

541. 
Passenger,    Passengers, 

cars,  life,  etc,   of — ,   1053. 

locomotives,    types    of — ,    1051. 

stations,    1007. 
cost,  1115. 
Paste,  lime — ,   1218. 
Pattern,   Patterns, 

weight  of  castings,   1157. 
Paving, 

Belgian  block — ,   602. 

brick—,    1219. 

concrete    sidewalks,    1369. 

cost  of — ,   1412. 

of  ditches,  782. 
Payments,   equation   of,   42. 
Peck,   223. 
PedesUl.  Pedestals, 

bridge — .  721,  750. 
Pencils,  lead — ,  1389. 
Pendulum,    Pendulums,    350. 

hydrometric,   561. 

seconds — ,    216,    351. 
Pennsylvania  R  R, 

track  specifications,  780. 
Pennyweight,    220. 
PenUgon,  148. 
Percentage,   40. 

of  grade,  255. 

interest,  annuitiea,  40. 


Perch,  220,  322,  285. 
Percussion, 

center  of — ,  851. 

-drills.    676. 
Perimeter.      See    also    Circumfer* 

ence. 

wet—,   523,   563. 
Permanent  set,  456,  459. 
Permeability. 

of  concrete,   1256,    1271.   1306, 
1345,    1360,    1361. 
Permissive  blocking,   987. 
Permutation,  40. 
Perpendicular,  to  draw — ,  93. 
Perpetual  snow,   limit   of — ,    324. 
Persian  wheel,  687. 
Petroleum,  weight  of — ,  214. 
Phoenix    segment-columns.    853  b, 

1186. 
Phosphor  bronze,  754,  762,  1212. 
Phosphorus.  753,   754,   1152. 
Pi,  symbol  and  value.  34,  161. 
Pick,  Picks,  wear  of — ,   1025. 
Pied,   226. 
Pier,  Piers, 

abutment — ,   619. 

-foundations,   582. 

heads  due  to — ,    575. 

masonry,    quantity    of —    in — , 
628. 

obstructions  by — ,  575,  etc, 

of  suspension   bridges.    768. 
Pierre   perdue,    583. 
Piezometer,   518. 
Pig   iron 

cost  of — ,  1408. 

ton,   216. 
Pile,  Piles,  589,  etc. 

adhesion  of  ice  to — ,  594. 

bearing — ,    590. 

blasting    of — ,    1896. 

concrete    in — ,    1269. 

cost  of — ,  1402. 

in   cylinders,    600. 

•drivers,   590,    591,   687. 
gunpowder — .    590. 
steam — ,    591. 

driving,    590,   etc. 
by   ieU.    595. 

factor  of  safety  of — ,  593. 

-foundations,    589,    etc. 

friction    of — ,    593. 

grillage.   690. 

heads  fox^-,    594. 

hollow — ,  596. 

ice,  adhesion  of —  to—,  594. 

iron — ,   594. 

concrete  in — ,  1269. 

jet  driving  of — ,  595. 

loads  for — ,   592. 

resistance   of — ,    592. 

sand—,   599,   670. 

screw — .    594. 
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Pile,  Piles, — continned. 
sheet — ,   590. 
shoes  for — ,   593. 
susUimng   power,   592. 
water  jet  for  driving — ,  695. 
withdrawal  of — »  594. 
Pillars.      See    Columns. 
Pin,   Pins, 

-connections,     496,     721.     724. 
725,    747,    762,    1205. 
in    columns,    496.    1205. 
surveying — ,    282. 
Pine, 

columns,   1144. 

strength  of—,   476.  499.    1137, 

1138,    1143. 
weight  of — ,   214,    755. 
Pinions   and   wheels.   420. 
Pint,  Pints,   223. 
Pipe,  Pipes, 

air-valves   for — ,   662. 

areas  and  contents,  197,  526. 

bends   in — , 

effect  of —  on  flow,  537. 
-branches,   661. 
brass  and  seamless — .  1211. 
bursting    of—,    511,    513.    668, 
665.   668. 

thickness     required     to     pre- 
vent— ,    611,   513. 
bursting  pressure   in — ,   518. 
cast-iron,   653,   658,   662,   1158. 
cost  of —  and  laying — ,  658. 
weighU  of — ,  656,  658,  1158. 


cement   and  iron- 


657. 


compound — ,   flow  in — ,   531. 
concretions  in — ,  to   prevent — , 

655. 
contents    of—,    197,    198,    208, 

223,   525,   526. 

and  areas  of—,  197.  626. 
copper  seamless — ,    1211. 
cost  of—,   658,   1424-5. 
cost  of  laying — ,  658. 
couplings,   656,   660,  1164. 
cracks   in — ,    661. 
curves  in — , 

effect  of —  on  flow,  537. 
diams.  of—,  524,  653.  654,  656. 

actual,  nominal — ,  526,  1164. 

square  roots  of — ,   526. 

for  water-supply.   653. 
discharge     from — ,     516,     622, 

527,    528. 
drain — .   575, 
drawn  brass — ,  1211. 
ferrules  for — ,   664. 
flexible  joinU  for — ,  661. 
flow  in — ,  516,  etc,  627.  529. 

formulas  fox*— 

exponential — ,    529. 
Kutter's — ,     528.     664. 

steady — ,    527. 


Pipe,  Pipes, — continued, 
galvanic  action  in — ,   650. 
galvanized — ,   664. 
gates  for — ,  666. 
gutu-percha — .    667. 
iron — , 

cast — ,    653,    656.    658,    662 

1158. 
cement-lined — ,    657. 
fittings  foi— .    661.    1164. 
joints  for — .  660.   661,   1164. 

flexible — »  661, 
laying — ,  658.  etc.   660. 
wrought — ,     526,     656,     657. 
1164. 
lead—.  513,  664.  1210. 

thickness  of — ,  513. 
material    of — ,    effect    of —    on 

flow  through — ,  523. 
mean  velocity  in — ,  627. 
to  mend — ,   661. 
obstructions  in — »  to  prevent — , 

655. 
pressures   of   water   in — .    511. 

518. 
seamless — .    1211. 
service—.   657,   664,   1210. 
sewer — ,  575,  1426. 
sleeves  for — .  661. 
stand — ,    663. 
stave — , 

cost,  1426. 
steady  flow  in — ,  527. 
steam — ,  1164. 
stop-valves  for — ,   666. 
street — ,   653. 
tapping  of — t   657,   664. 
terra-cotta — ,  SIS. 
thicknesses  required  for — ,  511 

513,    656. 
valves  for — ,  666. 
of   varying   diameter,    discharge 

through — ,    531. 
velociUes  in — ,  522-524,  527. 
vitrified-,  575,  1426. 
water—.  653.  657,  1158. 
cost  of —  and  laying,  658. 
freezing    in — ,    anti-bursting 
device,   665. 
weight    of—.    656,    658,    1158, 
1164. 

of  water  in — ,  525. 
wooden — ,   657. 

cost  of—.   1426. 
wrought  iron — ,  656.  657,  1164 
diameters,    actual   and    nomi- 
nal—. 526.  1164. 
weighte  of—,  656.  1164. 
Pitch. 

of  riveU,   776. 

of  roofs,  714,  1381. 

effect  of —  on  wind  pressure, 
714. 
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Pitch,-— contlnTied. 

of  screw,   486. 

weight  of—,   214. 
Pitot's  tabe,  536,  561. 
Plftcing  concrete. 

See  Concrete,  plftcing. 
Plane,  Planes,  148. 

of  couple,  404. 

of  flotation,   514. 

of  graritsr.  889. 

incUned— ,    255-257,    840,    869, 
424. 

of  moments,  860. 

snrfaces,   148. 

trigonometry,  97,  150. 
Planlc,  Planks, 

board  measure,  table  of — ,  269. 

in  foundations,  582. 

sheet  piling,  690. 

thickness  of —  for  a  given  pres- 
sure, 586,  648. 
Plant,  railroad — ^ 

sUtisUcs  of — .  in  U.  S.,  1180-3. 
Plaster  of  Paris,  1379.     See  also 

Gypsum. 

effect    of —    on    mortar,    1246, 
1247.  1303. 

price  of — ,   1408. 

strength  of—,   1214,  1215. 

weight   of — ,    218,    under   Gyp- 
sum. 
Plastering, 

cost  of-—,  1410. 

mortar  for — ,    1804. 
Plate,  Plates, 

batten — , 

weight  of—,   1190. 

as  beams,  493. 

bed—,  750. 

buckle—,    750,    1167. 

iish^,  798. 

gauge — ,   837. 

-girders,   747. 

bracing  in — ,    749. 
details  of — ,   728. 

-glass,   1385. 

•iron,  prices,  1404. 

net—,    774. 

parallel — ,  in  transit,   292. 

resistance  of — ,  as  beams,  498. 

steel — ,   tinned — ,    1208. 

strengths  of — ,  498. 

terne — ,    1208. 

Ue— ,    780,    808,    804. 

tin — ,    1208. 

transverse  resistance  of — ,  498. 
Platform.   Platforms, 

cost  of — ,  1115. 

freight—,   1006. 

passenger — ,    1007. 

railroad, 

cost  of—,  1115. 


Platinum,  214,  1212. 
Platting 

auxiliaries,    933. 
Plenum  process,  597. 
Plow,  Plows, 

baUast— ,   819. 

cost,    1414. 

snow — ,  1054. 
Plug,  Plugs, 

Are  (fire-hydrant),  669. 

tie—.  802. 
Pumb  levM, 

to  adjust—,  811. 
Plumbago  as  a  lubricant,  415. 
Plum,  Plums, 

in  concrete,  1258,  3,258,   1355. 
Plus,  38. 

stations,  879,  911. 
Pneumatic 

foundations,   596. 

interlocking.   990. 
Pocket,  Pockets, 

-level.  310. 

-sexUnt.  297. 
Point,  Points, 

ancien,  226. 

of    application    of    force,    883, 
859. 

boiling—,  814,  326. 
leveling  by — ,   314. 

clearance — ,  825. 

of  curve,  874-5. 

freezing — ,  326. 

frog^.   823,   828.   848. 

of  intersection,  875. 

material — ,  358. 

melting — ,  817. 

position  of — ,  to  find — ,  156. 

switch—,   823,   860. 

of  tangent,  874-5. 

yield— y  455-460. 
Pointer,  Pointers, 

for  Polaris,   285. 
Pointing,  1249. 
Polar 

distance,  282,  290. 
Polaris.   285-290. 
Pole,  Poles, 

in  graphics.   378. 

linear  measure,  220. 

north  and  south — ,  284. 

telegraph — , 

cost   of—,    1117, 
Poling, 

of  cars,  1002. 
Polygon,    Polygons,    148,    161. 

cord — ,   377,  428. 

force — ,  374,  377. 

irregular — ,   to   find   area   of — , 
160. 

to  reduce —  to  a  triangle,   159. 

regular —  to  draw — ,  159. 
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Polyhedron,    Poyhedrons.    194. 
Pond,  Ponds, 

discharge  of — , 

time  required  for — ,  545. 
Pony  trusses,  692. 
Pood,  227. 
Poplar, 

strength  .of—,  476,  1137.  1138. 
Port,  Ports, 

establishment  of — ,   828. 
Portal,  Portals, 

-bracing.   691. 
Portland  Cement. 

See  Cement,  Portland — . 
Post,   PosU,    359.      See   also   Col- 


clearance — .   825. 
design  of—,   722,   733. 
and  ties,  669. 
Pot,  Pots, 

-signals,   984. 
Potential  energy,  846. 
Pouce,  226. 
Pound, 

equivalents  of — ,  235. 
Fahrenheit,     equiyalents     of — , 

237. 
sterling,  values  of — ,   218. 
weight,  216,  220. 
Pouring-dampe     for    pipe    jointa, 

660. 
Powder,  214,   1899. 
Power,  Powers, 
animal — ,   685. 
defined,   342,    345. 
fifth—,    67-69. 

sq  rts  of — ,  69. 
finding — , 

by  log  chart,   76. 
by  logarithms,      71. 
by  slide  rule,  76. 
horse — , 

See   also   Horse,   power   of — , 
and  Horse-power,  688,  685, 
1012. 
in  levers,  419. 
of  locomotives,    1047,   1050. 
man — ,   686. 
mechanical — ,   419-428. 
second  and  third — ,  tables  of — , 

55,  etc. 
time  rate  of  work,  842,  345. 
tractive — ,  683. 

units  of — ,  conversion  of — ,  244 
water — ,  578. 
wind—,    1012. 

and    work,    relation    between — . 
845. 
Poxzuolana       (Puzsolan),       1222 

1224. 
Pratt  trass,   692. 


PrecipiUtion  (rainfall).  322,  825 
Preliminary. 

survey,  railroad — ^ 
cost  of — f  1100. 
Present  worth,  41,  42,  44. 
Preservation 

of  metals,  327,  1218,  1304. 

of  timber,    1184. 
Preservatives, 

cost  of—,  1401. 
Press.  Presses, 

hydrosUtic — ,    506. 
Pressed 

brick.   1219. 

steel  cars,  1058. 
Pressure,  Pressures, 

See  iJso  load. 

of  air,   320,  597. 

in  arches,  614,-  616. 

of  atmosphere,  820. 

barometer,    820. 
leveling  by — .   312. 

center  of — ,  899.  501,  506,  514. 

on  centers  of  arches,  633. 

in  dams,  648. 

distribution  of — ,  400. 

of  earth.  608,  607. 

on  foundations,  583. 

•head,   258,   618. 

hydrostatic — ,  260  a,  501.  etc. 

on   inclined  planes.   849. 

line  of — ,  480,  etc. 

angle,  prum,  slope  of — .  607 
in  pipes,  511,  518. 
•plate,  Gauthey's.  561. 
in  reservoirs,  651. 
on  retaining  walls,  603,  607. 
of  running  streams,  578. 
of  running  water  in  pipes,  518. 
transmission        of—       throagh 

liquids,   506. 
unit — ,  conversion  of — ,  240. 
of  water.  501,  etc,  516,  etc 

in  cylinders,  611. 

in   pipes,   511,  518. 

planks  to  resist — ,  586,  648. 

running,    518,    578. 

walls  to  resist — .  508. 
of  wind,   321. 

on  roof  trusses,  714. 
Price  list,  1400. 
Priddle  bar,   1299. 
Prime, 

number,  85. 
Principal,  Principals, 
in  interest,  41. 
stresses,  494  e,  494  9. 
Prints, 

black^Une— .  1898. 
blue—,   1390. 


Digitized  by  CiOOg  IC 


INDEX. 


1505 


Prtai 

Prism,  Prisms,  195. 

center  of  grarity  of — ,  395. 

frustums  of — ,   195. 

center   of   grayity   of — ,    895. 

of  max  pressure,   607. 
Prismoid,  Prismoids,  202. 
Prismoidal  formula,  202. 
Profile,  ProfUes,  304. 

•paper,    1389. 

transformation  of — ,  611. 

virtual — ,    1071. 
Progression,   39. 
Property  investment  of  railroads, 

1120. 
Proportion, 

by  logarithms,  71. 

and  ratio,  38. 
Proportionals,  38. 
Protection 

of  bridges,   763,  764. 

of  metals,   327,   1218. 
Protractor, 

curve — ,  933. 
Puddle, 

walls,  651. 
PuU,   359. 

draw-bar — , 

measurement  of — ,  1067. 

on  tapes,   surveying,   282. 
Pulley,   Pulleys,  428. 
Pump,  Pumps,  1012. 

chain — ,  687. 

cost  of — ,  1414. 

day's  work  at — ,  686,  1012. 

sand — ,  599,  670. 
Purlin,  Purlins,  713. 
Push  and  pull,  359. 

-shifting,   1002. 
Pusher  grades,  1087. 
Puzzolan  cement,  1222,  1224. 
Pyramid,    Pyramids,   200. 

frustum  of — ,   201. 


Quadrant,   Quadrants, 

center  of  gravity  of—,  393. 
_  I,  II,  III,  IV,  signs  in—.  97  a. 
Quart,  Quarts.  222,  223. 
Quartering 

of  sand,  gravel,  etc,   1238. 
Quartz,  as  aggregate,   1305. 

weight  of — ,   214,    1240. 
Quebec  bridge,   column   failure  in 

— ,  1202. 
Quick  lime,  213,   1223,  1244. 

weight  of — ,  213. 
Quintal,  226. 


100 


-Rail. 


Rack-a-rock,  1397. 
Radian,  97. 
Radius,   Radii, 
of  circles.  161. 

See  also  Radii  of  Curves,  be- 
low, 
of  curves, 

850     and    throughout    Turn- 
outs,   Geometry,    850-873, 
875    and    throughout   Curves. 
875-981 
of  gyration,   352,   353  a,   353  b. 
1174,   etc. 

square  of — ,   353  o,   353  h. 
mean,   523,    564. 
of  railroad   curves — , 

850    and    throughout    Turn- 
outs, Geometry,   850-873, 
875   and   throughout  Curves. 
875-981. 
ratio  of —  to  arc,  97. 
in  turnouts,  850,  860,  868  and 
throughout    Turnouts,    Geom- 
etry,   850-873. 
Rail,   Rails,    793. 

bending   of —   for   curves,    815, 

816,    817. 
-bolts,  809. 
-braces,   806. 
closure — ,   822. 
composition  of — ,  794. 
continuous — ,   810. 
corrugation  of — ,   793. 
cost  of — ,  1112,  1114,  1422. 
creeping  of — ,   807,  809. 
on  curves,  bending  of — ,  815. 
inner  and  outer  rails,  811. 
wear  of — .  813. 
cutting  of   ties   by — ,    785. 
dead — ,  1003. 
derailing — ,   826. 
digest    of    specifications    for — . 

794. 
easer — ,    830,    846. 
expansion  of — ,  806,  818. 
functions  of — ,  780. 
guard —  or  guide — ,   750,    822. 

823,  833,  834,  1080. 
-joints,  780,   798,  806,  818. 
cost,   1113,    1114. 
with  screw  spikes,  803. 
laying,    814,    815,    821. 
lead — ,    822. 
maintenance,    814. 
manganese  steel,   796. 
ordinates    for    bending — ,    816. 

817. 
point — ,   835. 
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Rail,  RsilB, — continned. 

requirements    of — ,  ^94,    1160, 

1152. 

ro»d,  roadB, 

Bee  Railroad,  Railroads, 
sections  of — ,   796,   797. 
special  steel — -,  796. 
specifications  for — ,  794. 
spiking  of — ,   818. 
stock—,  835. 
switch—.   885. 

derailing,   826. 
ties  for — .     See  Tie,  Ties, 
•way.      See   Railroad, 
wear   of — , 

on  curves,  818. 
weights  of—,  1112. 
wing — ,    829. 
Railroad,  Railroads, 

accounting,    1094,   1096. 
acres  required  for — ,   254. 
ballast,    783,   etc. 

cost,   1112. 
bridges.       See     Bridge,     Truss, 

Arch,  etc. 
construction     of — ,    in    U.     8., 

1180-3. 

cost  of—,  1094,  1118,  1123, 
1125. 
crossings,    845. 
curves,    874-981. 

See  Curves,  railroad — . 
earnings, 

sUtlstics     of — ,    in     U.     S., 
1180-3. 
earthwork, 

measurement  of — ,  1014,  etc. 

cost  of—,  1105,  1106. 
electric — , 

cost  of—,  1129. 
elevated — , 

cost  of—,  1124. 
equipment   of — , 

cost  of — ,  1119. 

sUtistics  of — t  in  U.  S.,  1130. 
expenditures   (general),  1118. 

statistics     of — ,     in     U.     8., 
1130-3. 
funded  debt  of — ,  1121. 
interurban — , 

cost  of — ,  1129. 
laying  of—,  814,  815. 
lines, 

comparison    of — ,    1081. 
maintenance  of — ,  814. 
metals  for — , 

requirements   of — ,    805. 
operation, 

cost  of — , 

analysis  of — ,  1081. 
on  grades,   1076. 

statistics     of — ,     in     U.     S.. 
1180-3.  . 


Railroad,  Railroads, — continned. 
plant,  statistics  of — ,  in    U.   S., 

1130-3. 
property  investment  of — ,   1120. 
rails.     See  RaU,  Rails, 
real  estate  for — , 

cost  of — ,  1101. 
resistance     on — ,     417,      1056, 

1070. 
roadbed,   780. 
roUing  stock,   1039. 
signals,   982. 

See   also   Signaling,    railroad, 
spikes,   780,    800-804,    818. 

See  Spike,  Spikes,  railroad — . 
stations,    1006. 

cost  of—,  1115. 
statistics.   1180-3. 
subway — , 

cost  of—,  1124. 
surveys. 

cost  of — ,  1100. 
switch,   835. 

See  also  under  Turnouts, 
ties,  784. 

See  also  under  Tie,  Ties, 
time, 

standard — ,   267. 
track,  780. 

•Unk,    1018. 
train. 

See  under  Train. 

dynamics  of — ,  1070. 

resisUnce,    1056-1069,    1070, 
etc. 
trolley — . 

cost  of — ,  1129. 
turnouts,   822-873. 

See   Turnout,   Turnouts, 
underground — , 

cost  of—,  1124. 
valuation  of — ,   1095. 

sUtistics,  1122. 
water  stations  for — ,  1011. 
yards  and  stations  for — ,  994. 
Rain,  322. 
-fall,  322. 

depths,  equiv  volumes,  250. 

•equivalent  of  snow,  324. 
gauges,   324. 
and  snow,  822. 
•water,  327. 
Rainy  days,  av  number  of — ,  825. 
Ram,  Rums, 

hydrauUc— ,  578.  % 

cost  of—,  1414. 
water—,  513,  663.  668. 
Ramming, 

of  concrete,   1268,  1805,   1851. 

1378. 

cost  of — ,  1878. 
Ramp,  Ramps,  1007. 
Random  atone,  688. 
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RanUna,  W.  J.  M. 

column  formula, 

general — ,  497-498  a. 

iron  and  steel — ,  1193,  1195. 

1199. 
reinforced  concrete — ^  1281. 
wood—,  1148,  1144,  1148. 
Ransome  bar,  1298. 
Rapid  transit  stations,  1010. 
Ratio,  Ratios, 

an^lar — ,  97,  97  b. 

elastic — ,  459. 

and  proportion,  88. 

trigonometric — ,  97,  97  h. 
logarithmic — ,  72,  148  a. 
Reaction,   883. 

end—.   860,  439. 

in  trusses,    699,  702,  714. 

of  soils,  elastic—,  598. 

shears  and  moments,  453. 
Real  Estate, 

cost  of — ,  for  railroads,  1101. 
Reaumur  tnermometer,  818. 
Receiving  yard,  994,  995. 
Reciprocal,  Reciprocals,  48-53. 

or  inyerse  proportion,  39. 

on  logarithmic  chart,  76. 

by  logarithms,   71. 

by  slide  rule,  77. 
Reclassification    yards,    1005. 
Reconnaissance,  Reconnaissances, 

railroad — ,  cost  of — ,  1100. 
Recording, 

track—,  821. 
Rectangle,  Rectangles,  157. 

radius  of  gyration,  353  a. 
Rectangular 

components,  369. 

plates,  strength  of — ,  498. 
Rectification, 

of  arc,  184. 

of  ellipse,  190. 
Recurring  decimals,  38. 
Reduction, 

of  area,  456.  752,  754,  1153. 

of  figures,  160. 
Redundant  members,  720. 
Redwood, 

columns,   1145. 
Refraction    and    curvature   tables, 

158. 
Regular 

figures,   148. 

solids.  194. 
Regulation  of  time-piece  by  stars. 

266. 
Re-heater,  locomotive — ,  1044. 
Rehydration,  1276. 
Reinforced  concrete,  1278,  1307. 

See  also  under  structure  in  ques- 
tion, and  name  of  type  of  re- 
inforcement in  question.  See 
also  Reinforcement. 


Reinforced  concrete, — continued, 
adhesion  of—.  1274.  1279. 1294, 
1296,  1297,  1307.  1364. 
-unit,   1294. 
aggregate  for — ,  1278. 

See  also  under  Aggregate, 
anchor  plates  for — •,  1297. 
bars  for — ,  1278.     See  also  Re- 
inforcement,   bars, 
beam,  beams, 

adhesion    in—,    1274,    1279. 
1294,     1296,    1297,     1307, 
1364. 
axis  of — , 

neutral — ,    1806. 
continuous — ,      1294,      1295. 

1368. 
cost  of—,  1290.  1378. 
deflections  of — ,  1369. 
design  of — ,   1288. 
diagonal  stresses  in — ,   1293. 
double     reinforcement     in — , 

1295. 
forms  for — ,    1264. 
investigations      of — ,      1287, 

1291. 
maximum  stresses  In — ,  1298. 
moments    in — ,    1284,    1285, 
1286.     1289,     1290,     1291, 
1368. 
neutral  axis  of — ,  1806. 
ratio    of    steel    and    concrete 
areas     in—,     1284,     1285. 
1286.  1289. 
shear  in — ,  1291. 
shear     reinforcement,     1292. 

1294,    1296. 
specifications  for — ,  1866. 
stirrups    for—,    1292,    1296. 
1807,    1367.. 

spacing  of—-,  specfns  for — 
1367. 
strengths   of-^^    1283. 
stresses     in — ,     1284,     1285, 
1286.     1289,     1290,     1291. 
1293,    1295. 
diagonal — ,  1293. 
maximum — ,    1293. 
T-sections.  1290.  1867. 
tension  in  upper  sides  of — , 

1295. 
theory  of — ,  1288. 
clearance       of       reinforcement 

1364. 
coefficient     of — ,     expansion — , 

1278,  1806. 
columns,      1263.     1280.      1281, 

1282.  1802,  1365,  1366. 
conductivity     of — ,     thermal — , 

1306.   1307. 
continuous    beams    d— -,    1294, 

1295,  1368. 
contraction  of — ,  1278. 
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Reinforced  concrete, — continned. 
cost  of—,  1378.  1412. 
elastic     modulus     of — ,      1278, 

1863. 
elastic  ratio  of—,   1279,   1368, 

1866. 
electrolysis    in — ,    1276.    1806, 

1307. 
elongation  of — ,  1279. 
expansion  of — ,  1278,  1806. 
experiments  on — ,   1307. 
Are,     effect    of —    on — ,    1276, 

1307. 
in  fireproof  work,  1364. 
floors.  1264.  1266.  1366. 

forms   for — ,    1266. 
forms,  1263,  etc. 
friction  of—,  1279,  1807. 
initial  stresses  in — ,   1367. 
methods  of  reinforcement,  1295. 
moments      in — ,      1284,      1285, 

1286,   1289,   1290.   1291. 
permit    for    construction     of — , 

1364. 
proportions  of — ,   1255. 
reinforcement.      See    Reinforce* 

ment.     See  also  name  of  type 

in  question, 
shear  in—,   1291,  1307. 
shearing  stresses   in — ,   permis- 
sible— ,    1367. 
shrinkage  stress,   1367. 
slabs.   1290,   1291,   1296,  1367, 

1368,  1369. 
steel  in—,  1278,  1307. 

See  also  Reinforcement. 

corrosion  of — ,  1278,  1307. 
stirrups      for—.      1292,      1296, 

1307,  1367. 
strength  of—,   1278,   1291. 
stresses  in — ,  1284.  1285,  1286, 

1289.      1290,      1291.      1293, 

1295,   1307,   1366,  1367. 

initial—,  1367. 

shearing — ,  1367. 

shrinkage — .    1367. 

thermal — ,  1367. 
stretch  of — ,   1279. 
tests  of—,    1368. 
thermal  conductivity  of — ,  1306, 

1307. 
thermal  stresses  in — ,  1367. 
unit   adhesion    of — ,    1294. 
Reinforcement,   1295,   1297,   1307 
1862. 

See  also  name  of  type  in  ques- 
tion, 
adhesion      of — ,      1274,      1279, 
1294,      1296,      1297,      1307, 
1364. 
bars,     1278,     1296-1299,     1807. 
1362. 
corrugated — ,   1299. 


Reinforcement, — continued, 
bars, — continued. 

cup — ,  1299. 

deformed — ,       1278,        1297. 
1307,    1362. 

diamond,  1299. 

lengths  of — ,   1364. 

lug—,  1299. 

plain—,   1297,   1307. 

supports  for — .  1299. 

trussed — ,  1301. 
clearance  of — ,  1364. 
in   columns,    1280,    1302.    1365. 
conductivity     of — ,     thermal — , 

1807. 
corrosion   of — ,    1307. 
cost  of — ,  1375. 
disturbance  of — ,  1807. 
double — ,   1295,  1367. 
electrolysis  in — ,   1307. 
expanded  metal,  1800. 
friction   of—,   1279.   1807. 
lapping  of — ,  1864, 
lath—. 

rib — ,  1301. 
lengths  of  bars,  1364. 
metal, 

expanded — ,  1300. 

rib—,   1300. 
methods  of—.  1278.  1295.  1307 

1862,   1367. 
mushroom  system,   1802. 
percentage  of — ,   1307.   1375. 
placing  of — ,  cost  of — ,  1377. 
proportions,   1307,   1375. 
protection  of — ,  1364. 
rib  lath.   1301. 
rib  metal,    1300. 
rods,  supports  for — ,  1299. 
shapes,      structural — ,      for — . 

1301. 
shear  in—.  1292,  1294.  1296. 
steel  for—.   1807.   1363. 
sUrrups.   1292,   1296,   1307. 

spacing  of — ,   1367. 
strength  of — ,  1307. 
stresses  in — , 

max —  allowed.   1363. 
structural  shapes  for — ,  1301. 
supports  for — ,   1299. 
tension —  in  top  of  beam,  1295. 

1367. 
thermal  conductivity  of — ,  1307. 
trussed—,  1296,  1301. 
types   of—,    1278,    1295.    1807, 

1362,    1367. 
web—    1300,  1867. 
welded  wire,  1300. 
wire  lath,  1800. 
Reinforcing  plates.  724.  747. 
RelaUve  density.  210. 
Relay.   Relays. 

for  track  circuit.  990. 
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Renewal, 

of  ballast,  820. 

of  bridges.  748. 

of  ties,   790,   791,  1112. 
cost/  821. 
Bepair,  Rei>ain, 

of  babble-tube,  296. 

of  cars,  1053. 

of  cross-hairs,  296. 

of  pipes,  661. 

in  reservoirs,  652. 

of  road,  1025. 

tracks,   996. 
Repeating  decimals,  88. 
Replacers,   car — ,    1055. 
Reservoir,  Reservoirs,   650. 

evaporation  from — ,  329. 

for  railroads,  1012. 
Resilience,  460. 
Resistance,  Resistances, 

aii^-,   1057. 

of  cars,  417. 

curve — ,   1061. 

-factor,   528. 

to  flow,  523,  587,  564. 

of  foundations,  588,  592. 

grade — ,   1060. 

journal — ,    1057. 

line  of-—,  430,  432,  484-486. 

of  locomotives,  1057,  1058. 

of  piles,   592. 

of  plates  as  beams,  493. 

on  railroads.  417. 

rolling—,  1057. 

to  sUrting,    1058,    1059. 

train — ,    1056,    1070. 

wind—,   1062. 
Resolutes,   869. 
Resolution  of  forces,  862,  etc. 
Rest,   relative — ,   858. 
Resultant,   Resultants, 

of  carves,  958. 

of  forces,   862. 

line  of—,  430,  432. 

of  moments,  860. 

of  parallel  forces,  882,  899. 

sense  of — .  366. 
Resurvey,  , 

ReUining  walls,  603. 

concrete — ,  cost  of — ,   1378. 
Retardation, 

effect  of —  on   train  resistance, 
1059. 
Revenue, 

and  length-difference,  1087. 
Reverse 

bearing,  277. 

curves,   918. 
Reversing, 

of   locomotives,    1046. 
Revetment,   612.    ' 
Revolving  bodies,  851. 
Rhomb,   157,  195. 


Rhombic  prism,  195. 
Rhombohedron,  195. 
Rhomboid,  157. 
Rhombus,   157. 
Rhumb-line,  277. 
Rib,  Ribs, 

Uth.  1801. 

metal,  1300. 
Right  angle,  to  draw,  98. 

-of  way, 

cost  of—,  1102. 
•multiple.  1102. 
width  of—,    1101. 
Riffid  bodies, 

force  in — ,   330,   858. 
Ring,  Rings, 

circular,  186,  209. 
Rip-rap,  583,   1402. 

m  ditches,  782. 
Rise   of   arch,    618. 
Rise-and-fall,   1076. 
River,  Rivers.     See  also  Water. 

dams  in — .  642. 

flow  in — ,  560. 

scour  of — ,  577. 
Rivet,   Rivete,   772. 

cost  of — ,   1406. 

frictional  resistance  of — ,  1205. 

slip   of-—,    1205. 

stresses      in — ,      permissible — , 
762. 
Riveted 

columns,  1186. 

joints,   721,   749,   759,  772. 
Riveting, 

in   columns,    1190. 
Road,  Roads, 

•bed,   780. 

grades  of—,  255-257,   688. 

maintenance  of — ,   1025. 

rail — ,  see  Railroad. 

repairs  of — ,   1025. 

traction  on — ,  683. 

•way,  acres  required  for — ,  254. 

-way, 

drainage  of — ,  in  arches,  628. 
Roadbed,  780. 

construction,  cost  of — ,  1104. 

crown  of — ,  782. 

railroad — ,  780. 

requirements   of — ,    780. 
Rock,  Rocks, 

blasting  of — .   1894,  etc. 

channeling  of — ,   681. 

-crushers,   cost  of — ,   1416. 

-drills,  600,  675,  681,  1413. 

excavating — , 

cost  of—,  1034,   1035,    1106. 

removal  of — ,   1084,   1035. 
Rocker  bearings,  725,  730. 
Rod,  Rods, 

of  brickwork,   1220. 

cost  of — ,    1421. 
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Bod,  Rods, — continued. 

equiyalente  of — ,  220,  282. 

in     reinforced     concrete,     1278. 

1297,   1299,   1807,   1362. 
upcet — f   1168. 
Boiled     iron.       See     Steel,      and 

Wrought  iron. 
Roller,  Rollers, 

anU-friction— ,  417,  761. 
•bearings,    725-728. 
RolUng 

friction,  414. 

lift  bridges,  697. 

load.    See  live,  etc,  under  Load. 

stock.  1089. 

cost  of—,  1119,  1120. 
resistance    of — ,    417,    1056- 
1069. 
Roman   cement,   1228. 
Rood,   222. 
Roof,   Roofs, 

acid    fumes,    effect    of —    on — , 

1162,   1881. 
copper — ,  1210. 
-covering,   764. 
weights  of — ,  713. 
iron  for — ,  1162. 
lead—,  1210. 
leak    in — ,     to     stop — ,     1882, 

1884. 
painting  of—,  764,  1162.  1383. 
pitch  of—,  1208.  1881. 
sheet-iron — ,   1162. 
shingle — ,    1882. 
slate — ,  1381.  1413. 
-tiles,  cost  of — ,  1408. 
tin—,   1208. 
-trusses,  698,  713,  740,  764. 

weights   of — ,    718. 
weights  of — ,  713. 
wind    on — ,    effect    of — ,    821, 

713. 
sine—,   1208. 
Roofing,     cost     of — ,     1402-1408, 

1413. 
Root,  Roots, 

cube   and  square — ,   tables,   54. 
of  decimals,  to  find — ,  67. 
fifth—,   67,  68. 
finding — 

by  logarithmic  chart,  76. 
by  logarithms,  71. 
by  slide  rule,  76. 
of  large  numbers,  66. 
square — , 
tables,   54. 
of  diameters,  526. 
of  fifth  powers,   69. 
Rope,  Ropes,   1214.   1386,  1407-9. 

wire — ,   1387,   1888. 
Rosendale  cement,  1223,  1403. 
Rosin,  weight  of—,  214. 
Rot,  dry—,   1134. 


Rotary 

motion,   351. 

snow  plows,  1054. 
Routing   bodies,    351. 
Rotational  inertia,   1064. 
Rough  casting,  1884. 
Roughness. 

coelficiente  of — ,  528,  528,  564. 
565. 
Roundhouse.  Roundhouses, 

cost  of—,  1116,  1118. 
Runs,  fast — ,  by  trains,  1052. 
Rubble, 

adhesion  of —  to  mortar,   1218. 

arches,  616. 

cost  of — ,  602. 

proportion  of  mortar  in — ,  213. 

retaining  walls,  610. 

strength    of — ,    1215. 

voids  in—,  688,  1028. 

weight  of—,  213. 
Rule,  Rules, 

of  three,  39. 

two-foot — ,    to    measure    angles 

Run -off, 

in  railroad  curves,  966. 

of  rain,  251,  252. 
Rupture,  456. 

-modulus,  468. 
Russian    weights    and    measures, 

227. 
Rust,  827,  328,  1218. 

in  steel  ties,  790.  791. 
RUtger's  process,  1135. 

S 

Sachine,  227. 
Safety 

factor.    See  the  material  or  eoa- 
struction  in  question. 
Sag,  Sags, 

of  tape,  correction  for — ,  283. 

in  trusses,  718. 

and  humps,  1076. 
Sal  ammoniac  in  mortar,  1804. 
Salt      ^ 

in    concrete,     1275,    1276. 

in    mortar,    1218,    1275,    1303, 
1804. 

water, 

effect  of —  on  iron,  827,  694. 
weight  of — ,  826. 

weight  of — ,  214. 
Sand,  Sands, 

analysis  of — ,  1238. 

augers,   670. 

ballast,  783. 

blasting  of — ^,^1896. 

in  cement  mortar,  1244. 

for  centers,   688. 


dbyLjOogle 


INDEX. 


1511 


Sai 

Sand,  Sands, — continued, 
characteristics   of — ,    1303. 
clay  in—,   1303,  1354. 

test  for — ,  1242. 
coefficient     of — ,     uniformity — . 

1239,  1303. 
compacting  of — ,   1303. 
composition  ojf — ,  1238. 
in  concrete,  1244. 
for  concrete  sidewalks.     Specfns 

foi-— ,  1369. 
cost  of — ,  1376,  1402. 
vs  crushed  limestone,  1303. 
definition   of — ,    1238. 
density    of — ,    1240,    1303. 
moisture,    effect    of —    on — , 
1241. 
dirt  in — ,  1242,  1354. 

and  strength  of  mortar,  1244, 
1303.    1354. 
dredging  of — ,  580. 
effective  size  of — ,  1239. 
excavating  in — •,  1024. 
fineness  of — ,  1244,  1303. 

and     shrinkage     of     mortar, 
1244,    1247. 
foreign  matter  in — ,  1244,  1808, 

1354. 
for  foundations,  582. 
friction   of—,   1303. 
fusing  i)oint  of — ,  1303. 
grading  of — ,  1803. 
grains, 

shape  of — ,   1241,   1303. 
sizes  of—.  1238,  1241,  1354. 
granulometric      analysis      of — , 

1238. 
impurities    In — ,     1244,     1303, 

1354. 
rs  limestone,  crushed — ,  1303. 
loam  in — ,  1303,  1354. 

test  foi--,  1242. 
mechanical  analysis  of — ,  1238. 
mica  in — ,  1303,  1354. 
moisture      in — ,      1241,      1303. 

1354. 
in    mortar,    1217,    1218,    1238, 

1244,   1303. 
natural  slope  of — ,  419,  610. 
penetrability  of — ,  593. 
-piles,   599,   670. 
in  plaster,  1379. 
pressure  of — ,  603. 
price  of — ,   1402. 
properties     of — ,     1238,     1242. 
See  also  property  in  question 
under  Sand, 
proportion     of — ,      in     mortar, 

1243. 
-pump,    599,   670. 
quantities  of —  required  in  mor- 
tar,   1243. 
quartering  of — ,  1238. 


Sand,  Sands, — continued, 
retaining  walls  for — ,  608. 
vs  screenings,  1244,  1245.  1803. 

1354. 
shapes    of    grains    of — ,    1241, 

1803. 
sharpness     of — ,     1242,     1244, 

1354. 
silt  in—,  1242. 

size  of  grain,  1238,  1241,  1303. 
1354. 

effective — ,  1239. 
slope  of — ,  natural — ,  419,  610. 
specific  gravity  of — ,  211,  214, 

1240. 
specifications  for — ,  1354. 
standard — ,   1236. 
•stone, 

as  aggregate,  1305. 
expansion  of —  by  heat,  817. 
storage  of — ,  1354. 
strength  of  mortar,  1249. 

See  also  under  Mortar,  etc. 
sustaining     power     of — .     583, 

598. 
uniformity  coefficient  ot — ,  1239 

1308. 
voids  in — ,  214,  1240,  1308. 
washing  of — ,    1242. 
weight    of—,     211,     214,     755, 
1240,    1244. 
Sandage,  216. 
Sap,   1134. 
Scale,  Scales, 

track — ,   824,   1003. 
cost  of — ,   1115. 
Scotch   block,    989. 
Scour  of  streams,    577. 
Scrap  iron, 

cost   of — ,    1403. 
Scrapers, 

cost  of—,  1414. 
earthwork  by — ,    1029. 
Screed  ing,    1379. 

Screening,  Screenings,  1238,  1876. 
for  ballast,  783. 
gravel—,    1238,    1245,    1805. 
vs     sand,     1244,     1245,     1308. 

1354. 
stone — ,   1245,  1305. 
Screw,  Screws,  436. 
Archimedes — ,   687. 
-cylinders,  594. 
leveling — ,    292,    307. 
-piles,  594. 
spikes,    802. 
standard       dimensions       for—. 

1165. 
for  striking  centers,   633. 
-thread,   metric — ,   1165. 
Sea,   Seas, 
-mile,  220. 
tides,   328. 
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Sea, — contlmied. 

-water,   826,   828,   594. 

®*c?nc«te;"  1250,  1276.  1804. 
1806. 
meUls,  327,   594. 
mortar,  1250. 
worms.  1184. 
Seamless, 

pipes  and  tubes,  1211. 
Seasoning.  , 

of  timber,  788,  1134,  1143. 
Secant,  97. 

external — ,   97  a. 
Second,  Seconds, 
counting  of—,  351. 
in  decimal  of  a  degree,  95. 
equivalente  of — ,  236. 
to  estimate — ,   266. 
-pendulnm,    216. 
of  Ume,  defined,  265. 
Secondary    stress.      See    Bending 

moment. 
Section,   Sections, 
-area,  456. 
houses. 

ofraf;;;^'"^.  222.  m, 

method    by—,   for    stresses    m 

trusses,  700. 
minimum—,   722,   733. 
-modulus,  467.  468,  473,  1174, 

1176,  1178.  1180. 
net —  in  tension  members,  75». 
similar—,  484. 
Sector 

center  of  gravity  of — ,  898. 
circular,   186. 

spherical — ,    center    of    gravity 
of — ,   396. 
Secular  magnetic  variation,  301. 
Segment,   ^gmenta. 

Secular-.   186,   187,   394 
-columns,       Phoenix — ,       353  6, 

1186. 
spherical—,   208. 

center  of  gravity  of—,  395. 
Sellers     sUndard     dimensions     of 

bolts,  etc,  1165. 
Semaphore,   Semaphores, 
signals,  983. 


circle,    center   of    gravity   of — , 

391 
parabola,  center  of  gravity  of — , 

894 
tangents,    874.    876,    891.    916, 

918,    920.  ^^^    ^^^ 

in  one-degree  curve,  904.  905. 
Sense,  Senses, 
of  force,  359. 
of  moment,  860. 
of  resultant,  866. 


Separating  yard,  994. 
Separators  for  I-beams,  1182. 
Series,   arithmetical  and  grometrl- 

cal — ,  39. 
Service,   Services, 

pipe,  657,  664,  1210. 
yard,  994,  995. 
Set,  Sets,  456,  459. 

permanent — ,   456.   459. 
Setting, 

of  cement,  1222,  etc. 
See  Mortar,  setting  of — . 
Sewage,  ,^^^ 

effect  of —  on  concrete,  1306. 
Sewer,  Sewers, 
cost  of — ,  1413. 
flow  in — ,  574. 

Sutter's  formula  for — ,  523, 
564. 
pipe,  575,  1426. 

cost  of—,  1426. 
rain  water,  rate  of  reaching — . 

575. 
velocities  in — ,  574,  575. 
Sextant,  Sextants, 

angles  measured  by — ,   152. 
box  or  pocket—,  297. 
center  of  gravity  of — .  393. 
Shadow,    Shadows,    equal —   from 
the    sun,    location    of    meridian 
by—,  288. 
Shaft,  Shafts,      ,     _.     ^.     ,     ^ 
revolving — ,    longitudinal     fric- 
tion of—.  419. 
of  tunnel,  1086. 
Shafting,  friction  of—,  416.  419. 

strength  of — ,  600. 
Shale,  Shales, 

as  aggregate,  1305. 
weight  of—,  214. 
Shapes,  ^ 

ste^ctural— .  1174.   1180.      See 
also  under  Reinforcement, 
cost  of — ,  1404. 
for  reinfmt,  1301. 
tables  of—,  1174-1180. 
T— .  1180.  ^        ,^^^ 

Sharpening  tools,  cost  of — ,  1025. 

Sharpness,  Sharpnesses, 

of  curvature,  876.  etc,  1080. 
to  find — ,  953. 
maximum — ,   1079. 
minimum — .  1080. 
difference.  854,  856,  873. 
maximum — ,  1079. 
minimum — .  1080. 
in  spiral  curves,  970. 
in  turnouts,  852,  etc. 
Shear,  Shears,  453.  454.  499. 
in    beams,    446,    494  a,    494  e, 

494  4.  494  e,  494  9. 
in  concrete  beams,  1291. 
in  continuous  beams,   489. 
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Shear,  Shears, — continiied. 
-diagrams,  479. 

for  trusses,   702,   706. 
double  and  single — ,   499,   774. 
horizontal — ,  478,  494  e,  494  e, 
influence     diagrams     for — ,     in 

beams,  450. 
moments  and   reactions,   453. 
and  moments,   relation   between 

— ,  452. 
in  remfd  cone  beams,  1291. 
•reinfmt,   1292,   1294,   1296. 
in  trusses,  702. 

web  stresses,  706. 
unit — ,  494  e. 

in  reinfd  cone  beams,  1293. 
▼ertical — ,  494  c,  494  «. 
Shearing, 

of  rivets,  774. 
-stress,  454. 

permissible — ,    762. 
in  timber  construction,  732. 
Shed,  Sheds, 

snow — ,  cost  of — ,  1115,   1118. 
Sheet,  Sheets, 
copper — ,  1210. 
iron — ,  1162. 

corrugated — ,  1162. 
galvanized — ,  1162. 
roof,  1162. 

and  steel,  cost  of — ,  1404. 
-lead,  1210. 

-metals,  thickness,  1169-1172. 
-piles,  590. 
-sine,  1208. 
Sheeting 

of  centers,  681,  etc,  639. 
SheU,   Shells, 
-lime.  1218. 
spherical — ,   208. 

weight  of—,   1157,   1159. 
Shifting, 

of  cars,  1002. 
ShiUing,     ShilUngs,     value     of—, 

218. 
Shim,  Shims, 

expansion — ,  818. 
Shingle,   Shingles,   1382,   1402. 
Shoe,  Shoes, 
bridge — ,  721. 
for  piles,  593. 
Shop,  Shops, 
railroad — , 

cost  of—,  1116.  1118. 
yards,  996. 
Short  ton,  216. 
Shoveling  earth,  1024. 
Shovel,  Shovels, 

wear  of—,   1025. 
Shrinkage,    Shrinkages, 
of  embankment,    1023. 
of  rails, 

in  manufacture,  795. 


Sidereal 

time,    day,    month,    year,    265, 
266. 
Sidewalk,  Sidewalks, 

concrete — ,  1369,  1412. 
Siding,  Sidings, 
catch — ,  827. 
cost  of — ,  1113. 
curves  on — ,  1080. 
double—,  827. 
grades  on — ,  1077. 
lap—,  828. 
Sieve,  Sieves, 

for  cement  tests,  1280. 
Sifter,  Sifters, 

jitation-order — ,  1005. 
Sign,  Signs, 
for  railroads, 
cost  of — ,  1116. 
Signaling, 

railroad — ,  982. 
automatic — ,  990. 
automatic  stop — ,  991. 
block  system,  986. 
costs  of — ,  993. 
electric — ,   986. 
for  electric  railways,  991. 
fixed  signals,  983. 
hand—,  982. 
interlocking,  988. 
power,  986. 
semaphores,  983. 
staff  system,  988. 
statistics,  993. 
street  railway — ,  991. 
transmission  mechanism,  985. 
Signal,  Signals, 
air—,   1042. 
automatic — ,  990. 
cost  of — ,  1118. 
fixed — ,  983. 
Silica  cement,  1224. 
Silicate  of  alumina,  1222. 
Silver, 

coins,  etc,  218. 
strength  of — ,  1212. 
weight  of—,  214,  219. 
Similar 

beams,  484. 
figures,  484. 
sections,  484. 
triangles,  880. 
Similarity,  geometrical — ,  92. 
Simple  interest,  41. 
Sine,  Sines,  97-97  b,  98. 
CO—,  97-97  6,  98. 
coversed — ,  97  o, 
logarithmic — ,  72.  143  a. 
natural — ,  defined,  97. 

Uble,  98. 
by  slide  rule,  77. 
table  of — ,  98. 
versed — ,  97  o. 
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Sinsle 

riveting,  772. 
rule  of  three,  89. 
■hear,   490,   774. 
Sinking  fund,  48. 
Siphon,  520. 
Size,  Sizes, 

effective — ,  1289. 
Skew 

•back,  618. 
-bridge,  697.  . 
Skidding  of  wheels,  418. 
SkyUght,  Skylights, 
cost  of — ,  1413. 
glass—,  1385. 
Slab,  Slabs, 

reinfd  cone—,  1290,  1291, 1296, 
1367,  1368,  1369. 
Slacking   of    lime—,    1217,    1218, 

1223. 
Slag. 

ballast,  783. 
cement,  1222,  1224. 
granulated — ,  783. 
Slaking.  1217,  1218,  1228. 
Slate.  1380. 

expansion  of —  by  heat,  317. 
roofing,  cost  of — ,   1413. 
roofs,  weights  of — ,  1381. 
strength  of—,  476,  1214,  1215. 
weight  of — ,  214. 
SlaUng,  1380. 
Sleeves  for  pipes,  661. 
Slide  plates,  837,  838. 
Slide  rule.  73. 
Slip  switch,  846. 
Slope,  Sloi)es, 

angle  of — ,  255,  256. 
earthwork — ,  256. 
hydraulic — ,  523,  564. 
•instrument,  256,  311. 
Kutter's  formula,  523,  564. 
of  maximum  pressure,  607. 
natural — ,   419,   604,   606,   610. 
as  ratios,  254. 
tobies  of—,  255-257. 
of  topes  and  chains,  corrections 
for—,  283. 
Slot-spiking,  810. 
Sluices  in  dams,  645. 
Smash  signals,  991. 
Smith,  C.  Shaler — , 

column  formula,  1146-1148. 
Snow,  214,  323. 

fences,  cost  of — ,  1115,  1118. 
load,  713,  764. 
measurement  of — ,  324. 
•plows,   1054. 

rainfall  equivalent  of — ,  824. 
sheds,  cost  of — ,  1115,  1118. 
Soakage,  loss  by — ,  329,  561,  651. 
Soap, 

and  alum  process,   1220,   1273, 
1305. 


Soap. — contin  ued. 
as  a  lubricant,  415. 
-stone,  weight  of — ,  214. 
wash  for  walls,  1220. 
Sod 

line.  782. 
Sodding,   1409. 

on  railroads,  781. 
Soffit  defined,  618. 
Soil.  Soils, 

boring  in — ,  670. 
dredging  in — ,  580. 
excavation  of — ,  1024. 
leakage    through — ,     329,     561, 

651. 
penetrability  of — ,  593. 
pressure  of — ,  603. 
reaction  of — ,  elastic — ,  593. 
scour  of — ,  577. 
sustaining  power  of — ,  583,  593 
weight  of--,   212. 
Solar  time, 

apparent — ,   265. 
mean — ,  265. 
Solid,  Solids.  194. 

center  of  gravity  of — ,  396. 
defined,  92. 

expansion  of —  by  heat,  317. 
floors,  721,  750,  1206. 
measure,  222,  234. 

metric,  225,  235. 
mensuration  of — ,  194. 
specific  gravity  of — ,  210. 
surface  of — , 

center  of  gravity  of — ,  395. 
Solution  of  triangles,  97  c. 
Sorting  yard,  994. 
Sound,  316. 
Soundness, 

of    cement    and    mortar,    1229. 
1230,  1232.  1234.  1237,  1244. 
1247,  1304,  1305. 
Southing,  274. 
Sovereign.  218. 
Space.  Spaces, 
•interval. 

train — ,  986. 
Span.  613,  759. 
Spandrel.  618618. 
Spanish    weighto    and    measures. 

227. 
Specific  gravity,  210.  etc    See  also 
the  material  in  question, 
conversion  toble.   241. 
test,  Le  Chatelier  method.  1234. 
Specifications. 

for  bridges  and  buildings.  745. 
for  cement.  1229,  1232.  1234. 
for  combination  bridges,  763. 
for  concrete,  1352-1354. 
blocks,  1372. 
sidewalks,  1369. 
for  crossings,  847. 
for  frogs,  838. 
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Speeifications, — continued. 

for  iron  and  BtMl,  1150,  1154, 
1155. 

for  rails,  794. 

for  railroad  cross-seciionB,  781. 

for  roof   trusses,   steel   frame — 
work  and  buildings,  764. 

for  steel.  794,  1150,  1154, 1155. 

for  steel  rails.  794. 

for  switches.  838. 

for  switch  stands,  842. 

for  ties.  843. 

for  track,   780. 

for  trusses.   744,   745. 

for  wooden  brides,  768. 
Speed.   Speeds. 

See  also  Velocity. 

and  energy.  1070. 

of  locomotive,  1052. 

records, 

on  trains,  1068. 

of  teams,   1025,   1080. 

of  trains,  1052. 
Spelter,  1208.     See  Zino. 
Sphere,    Spheres,    204.    205.    208, 

222,     396,     1157,     1159,     1210. 

See  also  Spherical. 

voids  between — ,  1241. 
Spherical 

sector,    center   of  gravity   of — , 
896. 

segment,  208. 

center  of  gravity  of — ,  395. 

shell,  208,  1157,  1159. 

zone,  208. 

center  of  gravity  of — ,  896. 
Spheroid,   209. 

center  of  gravity  of — ,  895. 
Spigot, 

in  pipe  joint,  660. 
Spike,  Spikes,   780,   1406. 

driving  of — ,  818. 

functions   of — ,    780. 

railroad—,   780,   800,   818. 
functions  of — ,  780. 
screw — ,  802. 
tie  plugs,  802. 

screw — ,   802. 
Spiking,  818. 
Spindle, 

circular — ,  208,  209. 

torsional  stress  in — ,  500. 
Spiral,   Spirals, 

American  Railway  Engng  Aasn, 
967. 

curves,  966. 

railroad  curves,  966. 

rolling  stock  on — ,  1043. 

ten-chord — ,   967. 
Splice    bar,    798,    806,    818,    819. 

See  also  Rail,  joint. 

timber — ,  736. 
Spreading  of  earth,   1025. 


Spring,  Springs, 
of  arch,  618. 
car  and  loco — ,  1089. 
in  foundations,  588. 
•frogs,  831. 
-nut-locks,  809. 
-rail  frogs,  881. 
Spruce, 

strength  of—,  476,  499,   1187, 

1138.  1145. 
weight  of—,  214,  755. 
Spudding,  672. 
Spur  track,  824. 

Square,  Squares.    See  also  Powers, 
area,  157. 

equivalents    of—    in    circles, 
161. 
center  of  gravity  of — ,  891. 
and   circle,   relation   between — . 

161. 
measure,   222,   233. 
conversion   table,    283. 
metric — ,   225. 
mensuration  of — ,   157. 
of  numbers,  table  of — .   55. 
of  radius    of    gyration,    358  a, 

853  &. 
of  roofing,    1381. 
roots,   54. 

of  decimals,  to  find — ^  87. 
of  diameters,  626. 
of  fifth  powers,  69. 
of  large    numbers,    to    calcu- 
late— ,    66. 
tables  of—,   54. 
sides  of—,    157,   161. 
tables   of—,    55. 
SUbility,   422,   514. 

of  arches,  430,  432,   620. 
of  dams,  433,  510. 
frictional — ,  409. 
on  inclined  planes,  424. 
of  retaining  walls,    603. 
SUble   equilibrium,    387,    514. 
Stadia  hairs,   293. 
Staff  system,   signaling,    988. 
Stand  pipes,   663,   1012. 
SUndard  ' 

railway   time,    267. 
wheel  loads,   705,  etc,   755,  etc. 
Stars,    to    regulate    a   watch,    etc, 

by—,  266. 
Starting   resistance.    1058. 
Stetic  friction,  407. 
Statics,  330,  358. 
of  arch,  430,  432. 
of  beams,  437,  etc,  466,  etc. 
graphic—,  428-481,  435. 
of  masonry  dam,  480,  48 8-486 . 
of  trusses,  698,  etc. 
Station,  SUtions, 
in  curves,  879. 
-order  sifters,  1005. 
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Station,  Stations, — continued, 
railroad—,  994,  1006. 

back-in — ,    1010. 

coat  of—,   1115.    1118. 

design   of — ,    1007. 

freight—,   1006, 

fuel  and  water — , 

cost  of—,  1116,  1118. 

IMWsenger — ,    1007. 

transfer — ,    1006. 

water — ,   1011. 

7ards   and — ,    994. 
in  railroad  enrves,   879. 
in   suryeys,   309. 
Stationary     engines,     cost     of — , 

1414. 
Statistics, 

railroad—,    1180-3. 
signaling — ,   992. 
Stave  pipe,  cost  of — ,  1426. 
Stays,   cable — ,   766. 
Steady  flow,  527. 
Steam 

dome,  1044. 

effect  of —  on  concrete,  1806. 
excavator,  1032. 
pile  drivers,  690,  591. 
pipes,    1164. 
rock-drill,    675. 
anpply  on  trains,  1042. 
Steel.     See  also  Iron, 
angles,   1178,   1180. 
area  reduction,   809. 
beams,  476,  1174.  etc. 
bending  tests  of — ,   1153. 

for   concrete,   1863. 
Bessemer — ,  requirements  for — , 

794,   1152,   1154. 
bolts,  1165,  1168. 
in   bridges,   requirements   for — , 

751. 
cars,  1053. 
castings, 

in  bridges.  754,  1152. 
channels,  1176. 
coefficient  of  expansion,  810. 
columns,    495,    etc,    760,    1183, 
'     etc,     1189,     etc.       See     also 

Columns,  iron  and  steel, 
composition     of — ,     753,     794, 

1152. 
compressibility  of — ,  460. 
compressive        strength       of — , 

1213. 
in    concrete,    1295,    1318,    etc. 

See  Reinforced  concrete,  steel 

in — ■.  and  Reinforcement, 
cost   of — ,    1408. 
ducUlity  of — ,   460. 
elasUc  limit  of — ,  460,  809. 
elastic      modulus      of — ,      460, 

1278. 


Steel, — continued. 

elongaUon  of—,  752,  809,  1153. 

1154,    1155. 
expansion    by    heat,    317,    810, 

1278. 
forgings,     requirements      for — , 

1153. 
framework,  specifications  for — 

764. 
friction  of — ,  411. 
I-beams,  1174.     See  also  Beam. 

I—, 
manipulation  of — ,   751. 
manufacture     of — ,     751,     795, 

1150. 
modulus,    elastic —    of — ,    460, 

1278. 
open      hearth — ,      requirements 

for—,    794,   1152.    1154. 
pillars.      See    Columns,    steel — . 
plates, 

buckled,  1167. 

tinned — ,  1208. 
price  of — ,  1403. 
rails,   793,  etc.     See  also  Rail. 

Rails, 
reduction  of  area  of — ,  809. 
in    reinforced    concrete,     1295, 

1318,    etc.       See    Reinforced 

concrete,   steel  in — ^  and  Re- 
inforcement,   steel — ^. 
requirements    for — ,    751,    794. 

805,   809,    1160,   1152,   1154. 
roof  trusses,  740. 
rope,   1387,   1388,   1407. 
shearing  strength  of — ,  499. 
shop  work  on — ^   751. 
specifications    for — ,    794,    795, 

1150,  1152,   1154.  1368. 
strength   of — ,    476,    499,    500. 

809,  1150,  1152,  1154,  1213. 

See   also    Steel,    requirements 

for—, 
stresses  in — , 

allowed,  760. 

in  concrete,  1363. 
stretch   of — ,  460. 
structural — , 

elasUc  Umit  of—,  460. 

elastic  modulus  of — ,  460. 

requirements     for — ,      1152, 
1154. 
tensile  strength  of — ,  809,  1212. 
tests  of — .     See  Steel,  require- 
ments for — 

for  reinforced  concrete,  1863. 
ties,  789. 

torsional  strength  of — ,  500. 
transverse  strength  of — ,  476. 
weight    of — ,    214,    755,    1159, 

1160. 

in  bridgM,   1109. 
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Steel, — continued, 
wire,   1178. 

rope,   1887,   1888,  1407. 
-yard,    383. 
Stepped  formula, 

for  columns,  498  6,  1146,  1148. 
Store,  225,  235. 
Stiffeners,   748. 
Stiffness, 

in  beams,  480-486,  1189. 
in  bridges,  721. 
Stirmps, 

in  concrete,   1292.    1296,   1307. 

spacing  of — ,   1367. 

supporting  reinforcement, 
1299. 
in  timber  framing,   734. 
Stoker,    Stokers, 

mechanical—-,  1044. 
Stone, 

as  aggregate, 

cost  of — ,   1305,   1376. 
irch — ^  613. 
<n  arches,  quantity,  622. 
^irtificial— ,  1252,  etc,  1361. 
oallast,   783. 
beams.  476,  1216. 
bridges,   613. 

centers  foz^— ,  681. 
broken — , 

as  aggregate, 

cost  of—,  1805,  1875. 

as  ballast,  788. 

cost  of — ,  for  concrete,  1375. 

voids  in—,   688,   1253.   1256. 
compressive  strength  of — ,  1215. 
cost  of — ,  1402. 
-crushers, 

cost  of — ,  1416. 
-cutters,  day's  work  of — ,  601^ 
dams,   400,   etc,   430,   etc,   433, 

etc,    508,    510. 
dressing  of — ,    601. 
drilling  of — ,  600. 
elastic  limit,  etc,  of — ,  460. 
expansion  of —  by  heat,  817. 
friction  of — ,  411. 
key,  613. 
large —  in  concrete,  1253,  1258, 

1355. 
limit  of—,  elastic—,  460. 
modulus  of — ,  elastic — ,  460. 
quantity    of — ,    in    arches,    etc, 

622. 
quarrying  of — ,   600,   601. 
random — ,   588. 
screenings,   1245,  1805. 
strength  of—,  476.  1214,  1215. 
weight  of — ,  212,  etc,  755. 
-work,  600,  1034. 

mortar  required  for — ,   1243. 

strength  of — ,  1215. 

weight    of — ,    213. 


Stop.   Stops, 

automatic — ,  991. 

-block.    837. 

corporation —    lor    pipes,    657, 

664. 
-lugs,  837. 

-valves  for  water  pipes,  666. 
Storage  reservoirs,   652. 
"Straight"  air  brake,   1041.  • 
Straight-line     formulas,     for     col- 
umns,   498,    498  a,    761,    1143. 
1144,    1148,    1184,    1187.    1193, 
1196,    1199.   1200. 
Strain,  Strains,  454,  455. 
Straps,  in  timber  framing,  735. 
Stream,   Streams, 

abrasion  by — ,  577,  578. 

flow  in — ,  560. 

•flow  and  precipitation,  relation 

between — ,   323. 
to  gauge — ,  560. 
horse-power  of — ,   578. 
pressure  of  running — ,  578. 
scour  of — ,  577,   578. 
virtual  head  of — ,  578. 
Street   railway   signals,    991. 
Strength,  Strengths.     See  also  the 
article,  structure  or  material  in 
question, 
compressive — ,  454»  1138,  1213, 

1215. 
of  materials,  454.     See  also  the 

material  in  question, 
shearing — ,  499. 
tensile—,     454,      1187,      1212, 

1214. 
torsional — ,   499. 
transverse — ,     466,    478,    476, 

478,  1174. 
uniform — ,    beams    and    canti- 
levers   of — ,    486. 
Stress,    Stresses,   359-454,   etc. 
alternating — .    761. 
in  beams,  474,  494  a,  etc,  1298. 
bearing — ,   permissible — ,    762. 
bending —   in    bridge   members, 

permissible — ,    762. 
in  Dridge,  permissible,  759. 
in  cantilevers,  474. 
in   column   latticing,    1204. 
.  combined        longitudinal        and 
transverse — ,   494,    724,   762. 
components  of — ,   371,  454. 
compound — ,  494,  724,  762. 
compressive — ,  454. 
diagonal —     in     beams,     494  a, 

494  e,  1293. 
fiber—,  466,  467,  etc. 
and   deflection,  481. 
max. —  in  flat  plates,  493. 
permissible,  762. 

In  bridge  trusses,  759,  764. 
in  roof  trusses,  764. 
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stress,  StresseB,— eontinmed. 

in  beams,  494  a,  494 «. 

principal — ,  494  e,  494  9. 

range  of — ,  465. 

in  reetangnlar  beams,  468. 

in  reinforced  concrete  beams, 
1288-1291,  1293,  1295. 

repeated — ,   465. 

secondary — ,  458,  466,  etc.    See 
Bending  moment. 

shearing — ,  454,  494  a,  e,  d,  e,  g, 
permissible — ,    762. 

tensile—,   454. 

torsional — ,  454. 

transverse — ,  456. 

in  tmss  members,  698. 

in  trnsses,  graphic  method,  708. 

ultimate — ,    456. 

nnit,  456,  458. 

actnal    and    nominal — ,    456. 
in  beams,  467. 

wind—,  in  bridges,  710,  758. 
Stretch,   454,   455,   459. 

of  tape,  correction  for — ,  282. 

of  tmss  members,  718. 

nnit—,  457,    458. 
Striking  of  centers,  681,  688,  640. 
Stringers,    in    trasses,    718,    720, 

749, 
Structural 

shapes, 

for   reinfmt,    1801. 

Ubles  of—.  1174,  etc,  1404. 

toteel,  460,  1152,  1154,  1801. 
Stmt,  StmU,  689.     See  also  Col- 
umns. 

design  of — for  trusses,  722,  783. 

and   ties,   criterion   for — ,    859, 
699. 
Stub  switch,  851. 
Stub  track,  824. 
Stubs  gauge,   1172. 
Stucco,  1879. 
Stumps, 

blasting  of — ,  1396. 
Sub-chains,   879,  910,  911. 
Submerged  weirs,  554. 
Substitute   ties,   789. 
Subterranean  temperatore,  820. 
Sub-verticals.  694. 
Subway,    Subways, 

cost  of—,  1107,  1124. 
Sudden^  applied  loads,  461,  486. 
Sulfur,     Sulfuric.       See     Sulphur, 

Sulphuric,  below. 
Sulphate,  lime—,  213,  1246,  1247, 

1808. 
Sulphur, 

in  steel,   758.  1152. 

weight  of—,   214. 
Sulphuric  add,   828. 

in  mortar,  1232,  1808,  1804. 


Switdu 

Summation 

of  deflections  in  tnuses,  720. 

of  forces,  466. 
Sun, 

-dial,  to  make — ,  268. 

equal  shadows  from — ,  location 
of   meridian  by — ^   288. 

mean — ,  265. 
Superelevation   on   B.   B.  emreit 

963. 
Superheater,  Superheaters, 

locomotive — ,  1044. 
Supplement,  94,  97,  97  b. 
Surcharged  walls,  605,  609. 
Surface,  Surfaces, 

ditches.   782. 

neutral — ,  466. 

per  length, 

units  of  conTsrsion  of — ,  288. 

per  time, 

units    d—   conversion    of — , 
248. 

pressure    d    water     against — , 
501,  etc. 

units  of — , 

conversion  of — ,  238,  288. 

velocity,   560. 
Surfacing  track,  820. 
Survey,   Surveys, 

railroad — ,  cost  of — ,  1100. 
Surveying,  274. 

instruments,     291,     297,     298, 
306,  310. 
cost  of — ,  1416. 

problems  in — ,  150. 
Suspender, 

hip—,  stress  in-,  709. 
Suspension  bridges,  765. 
Sway  bracing,  691,  710.  749. 
Sweep, 

of  railroad  curve,  875.  876.  etc. 
to  963,  969,  etc,  to  981. 
Sweeper,    Sweepers, 

snow — ,  1054. 
Swing  bridges,  696. 
Switch,    Switches,    885. 

Am  By  Engng  Assn,  864. 

-angle,   858,   860. 

cost   of—.    1118. 

deraiUng--,  826,  988. 

dimensions  of — ,  853,  862. 
Am  By  Engng  Assn,  864. 

facing  and  trailing — ,   822. 

-locks.    840. 

-number,  862. 

•point,   828,   886. 

point — ,  835. 

slip—,   846. 

specification  for — ,  888. 

-stands,  839. 

stub—.  851,  858. 

three-throw^>-,  823.  888. 

throw  of — ,  889. 
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Switch,  Switches,— continued. 

•ties,   786,  843. 

trsUing  and  fsciner — ,  822. 

Wharton — ,   827,   842. 

yard—.  1004. 
Switching  locomotives,    1051. 
Sycamore, 

strength  of—,  476,  1137,  1188. 

weight  of—,  214. 
Sylvester     process,     1220,     1278, 

1305. 
Symbols, 

matheqiatical — ,  33. 
Symmetrtr, 

axis  of—,  514. 
Synodic  month,  266. 
Syphon,  520. 
System,  metric — t  225. 
Systdme   ancien,   226. 
Systdme  usnel,  226. 


T.    C,    874. 

T-beams,   1290.  ^^^^ 

in  reinforced  concrete — ,  1367. 
T,  Ts, 

-iron.  1178,  1180. 

-rails,  794. 

-shapes.  853  6,  1178,  1180. 
Table,   Tables. 

See  the  subject  in  qnestion. 

conversion —  of  units  of  meas- 
ures,   weights,    etc,    228. 

transfer — ,    996. 
cost  of — ,  1117. 
Tallow,  214,  415. 
Talus,  612. 
Tamping,   819. 

of  baUast,  791,  792. 

of  concrete,  1268.  1305,  1357, 
1358.  1378. 

of  nitroglycerine,  1394. 

under  ties,   791,   792. 
Tangent,   Tangents, 

of  angles,   97,   97  o,  97  b. 

to  circles,  162. 

-distances,   874,   875. 

to  an  ellipse,  to  draw — ,  189. 

logarithmic — ,  72. 

natural—,  97.  97  c,  97  b. 
table  of — ,  98. 

-offset,   875,    892. 

to  a  parabola,  to  draw — ,  193. 

in  railroad  curves,  874,  875, 
891,  904,  905,  916,  918,  920. 
See    SemiUngent. 

^crew,  293,  307. 

by  slide  rule,  77. 

table  of—,  98. 


Tangential, 

angles,   875. 

component,  869. 

stress,  454. 
Tank,  Tanks, 

cost  of—,   1116. 

thickness  of — ,  506. 

track—,   1013. 

water — ,   1011. 
Tannin, 

with  sine-chloride,  787. 
Tapes,  surveying — ,  282,  1421. 
Tapping, 

of  pipes.  657,  664. 

of  trees, 

effect  of —  on  timber,  1187. 
Tar 

coal—,  827,  828. 

weight  of — ,  214. 
Target,  TargeU, 

switch — ,  840. 
Team,  Teams, 

delivery  yards,  1006,  1007. 

speed  of—,  1025,  1030. 
Telegraph,  Telegraphs, 

block  system,   987. 

lines, 

cost  of—,  1117,  1118. 
Telephone, 

in  signaling,  987. 
Temperature  ,  Temperatures,  317. 

See  also  Heat. 

of  air.   320. 

altitude,  effect  of —  on — ,   320. 

-corrections  for  tapes.  283. 

effect  of — ,  on  evaporation,  329. 
metals,  etc,  317. 
strength  of  iron,   1156. 
surveying  chains,  274,  288. 
velocity  of  sound,  316. 
weight  of  water.   326. 

subterranean — ,   320. 

thermometers,  818. 
Ten-chord  spiral,  967. 
Tender,  Tenders,  1013,  1044. 

capacity  of — ,  1048. 

-scoop,  1013. 

weight  of—,  1048. 
Tensile 

strength.  454,  1137,  1212,  1214. 

See    also   the   material,    etc,    in 
question. 
Tensile  stress,  454. 
Tension,  454. 

and  compression,   359. 

members,   722,   732,   746. 
flexible  and  rigid—.  721. 
net  section  of — ,  759. 

in  tapes,  282. 
Teredo,   1134. 
Tenninus,  Termini, 

rapid-transit — ,   1010. 
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Teme- 

Terne  plates,  1208. 
Terrs-cotta  pipes,  575. 
Test,  Tests, 

bending —    of    iron    and    steel, 
1153. 

-borings,  582,  670,  etc. 

of  completed  bridges,   758. 

of    cement,    1228,    1229,    1232, 
1234,  1248.  1354. 

of  concrete,  1368. 

of  f nil-size  eye-bars,  753. 

of  models,  478. 

•pieces.  Iron  and  steel — ,    1150. 

of  rails,  795. 

for  steel. 

mfrs'  standard — ,  1154,  1155 
Testing  machine 

for  cements,   1230. 
Tetmajer's  colmnn  formula,  498  a, 

498  b. 
Tetrahedron,  194. 
Thacher  bar,  1299. 
Thawing, 

effect  of —  on  cement,  1224. 

of  tumonts,  845. 
Theodolite,  296. 

Thermal  condnctivity,  1806,  1307. 
Thermometers,   818. 
Thin     partition,    flow    throngh — , 

541. 
Third, 

middle—,  402. 

proportional,    38. 
Thoroughfare  tracks,   1006. 
Three-position  signals,  984. 
Three, 

rule  of — ,  89. 
Three-throw 

switch,    828. 

turnout,  828,  870. 
Three-way 

switch,   823. 

turnout,  823,  870. 
Throat,  frog — ,  828. 
Through  trusses,  692. 
Throw,  switch — ,  858. 
Thrust, 

in  arch,  430,  482. 

-line,  430,  432,  484-436. 
Tides.  328. 
Tie,  Ties, 

bars,  837. 

land—,   612. 

-plates.  780,  803,  804,  1422. 

plugs,  802. 

railroad—,   780,   784,   815,  etc. 
in  ballast,  784. 
bark  on — ,  788. 
Carnegie — ,  790. 
channel — .   791.   792. 
compoBite — ,    792. 
concrete — ,  792. 
conservation    of — ,    786,    787. 


-Timber. 

Tie,  Ties, — continned. 
railroad — . — continued. 

creosoting,  787,  788. 

crossing — ,   847. 

cutting  of — ,  by  rails,  785. 

cutting  timber  for — ,  788. 

dating  nails  for—,  788. 

deflnitions.  784. 

dimensions  of — ,  786. 

functions  of — .  780,  784. 

inspection  of — ,  820. 

laying  of — ,  785. 

life  of—.    788. 

piUng  of—.  788. 

plates,  780. 

plugs,  602. 

preservatives  for — ,  787. 

renewal  of — ,  821,  1112. 

•rods,  837. 

seasoning  of — ,  788. 

spacing  of — ,  787,  844,  1 1 1 

steel — .   789-792. 
Carnegie — ,    790. 
insulation  of — .  790. 

substitute — ,   789. 

switch — ,   786.   843. 

tamping  under — .  785. 

treated — , 

life  of — .  788. 

trough — ,  791.  792. 

turnout — ,  843. 
timber  biU,  844. 

volume  of — ,  786. 

wood  for — ,   786. 

sine-chloride  treatment  for — 
787. 
-rods  in  concrete  forms.  1357. 
and  struts,  criterion  for — .  359. 

699. 
in  trusses,  689. 
Tierce,  223. 
Tile.  Tiles, 

cost  of — ,  1408. 
Tilting,  clearance  for — ^  1048. 
Timber,  Timbers.     See  also  Wood. 
Wooden,  Beam,  Column,  Bridge, 
etc. 

bark  on — ,  788. 
bled — .  strength  of — ,  1137. 
board  measure,  table  of — ,  269. 
clearing,  cost  of — ,  1104. 
conservation  of — ,  785,  787. 
creosoting  of — ,    787,    788. 
culture  of — .  788, 
cutting  of—,  788. 
dams.  642. 
decay  of — ,  1184. 
ductility  of — ,  459. 
fire  prevention,  788. 
gro^vth  of — ,  rate  of — ,  788. 
joints.  733.  etc. 
preservation  of — ,  1184. 
preservatives  for — ,  787. 


Digitized  by\jOOgl€ 


XX1d^X<J^« 


lozl 


Timber — Transit. 


Timber,  Timbers, — continued. 

requirements    for — ,    754.    760. 
764. 

Strength    of — ,    476,    499,    500, 

760,   764,   1137,  1188. 
supply  of — , 

conservation   of — ,    785,    787. 

treated — , 

life  of — ,  788. 

in   trestles,   1110. 

zinc-chloride     treatment     for — , 
787. 
Time,  Times,  265. 

-interval, 

train — ,  986. 

local — ,  287. 

-piece,    to    regulate —   by    stars, 
266. 

records,  on  trains,  1068. 

standard  railway — ,  267. 

units     of — ,     conversion     of — . 
236. 
Tin.  317,  460,  1208. 

leaded — ,  1208. 

plates,  cost  of — ,  1409. 

roofing — ,  1208. 

strength  of — ,  1212,  1213. 

vk-eight  of — ,  215,  1159. 
Tire,   Tires,   1040. 
Topgle  joint,  427. 
Toise,  226. 
Ton,   216,   220. 

of  coal,  volume  of — ,  215,  222. 

(2240    lbs),    equivalents     of — . 
236. 

net — ,  216. 
Tonelada,  227. 
Tongue, 

frog — ,    829. 
Tonite,   1397. 

Tonne,  or  metric  ton,  226,  236. 
Tonneau,    226. 
Tools, 

cost  of — ,  1413. 

wear  of — ,  1025. 
Top  heading,  1036. 
Torpedoes, 

nitro-glycerine — ,  1394. 

signals,   982. 
Torsion,  454,  499. 
Towers, 

valve — ,  652. 
Towne  lattice  truss,  694. 
Tracing  cloth  and  paper,  1389. 
Track,   Tracks,    780-821 

ballast,   783.     See  also  Ballast. 

-bolts,  809. 

•circuit,  988,  989. 

classification  of — ,  781,  1005. 

clearance  between — ,   825. 

construction  of — ,  780 

cost  of—,  1112,  1113.  1114. 

elevation  of — ,  cost  of — ,  1124. 
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Track,  Tracks, — continued, 
gauntlet — ,  824. 
illumination  of — ,  1006. 
-instruments,  signaling—-,  988. 
intervolved — ,  824. 
ladder — ,  1005. 
•laying,  814,  815,  818. 
cosi  of — ,   1113,  1114. 
machines,  818. 
leveling  of — ,  819. 
•mile,  defined,  1095. 
railroad — ,   780-821. 
-recording,  821. 
-scales,  824.  1003. 
cost  of — ,  1115. 
spacing  of — ,  825. 
specifications  for — ,  7.80. 
•surfacing,  820. 

cost  of — ,  1113,  1114. 
-tank,  1018. 
thoroughfare — ,   1006. 
•trough,  1018. 
Y— ,  825. 
in  yards,  995. 
Trac^work, 

cost  of — ,  1112-4. 
Traction,  683. 

of  horses,  683,  685. 
Tractive, 

force,  1047,  1050,  1056,  1070 
and  grade  length,  1076. 
measurement  of — ,  1067. 
Train,  Trains, 

accelerations    of — ,    1063,    1064. 

measurement  of — ,  1068. 
centrifugal  force  of — ,  758. 
construction — ,  814. 
-control,  signaling,  990. 
drag  of —  on  bridge,  758. 
dynamics,  1070. 
earthwork  by — ,  1031. 
energy  of—,   1070. 
inertia  of — ,   1063. 
interlocking,   990. 
mechanics  of — ,   1070. 
-mile,  1081-2. 
operation  of — , 

cost  of — ,  1081. 
resistance  of — ,  1056,  1070. 
air — ,   1057. 
normal — ,  1057,  etc. 
-shed  roof,  740. 
speed  of — ,  1052. 

and  energy,  1070. 
velocity  of — , 

and  grade,  1071. 
Transfer, 

stations,   1006. 
table,  996. 

cost  of — ,  1117. 
track,  824. 
Transit,  Transits,  291,  1418. 
engineer's-—,  291,  1418. 
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Transition, 

curves,  966. 

rolling  stock  on — ,  1043. 
TrmnsmisBion, 

in  signaling,  985. 
TransYerse 

and    longitudinal   stresses    com- 
bined, 494,  724,  762. 

strength,  466. 

stress,  455. 
Trap  rock, 

as  ballast,  788. 

in  concrete,  1252. 

cost  of — ,  1403. 

weight  of — ,  214. 
Trapezium,  158,  392. 
Trapezoid,  158.  392. 
Trapezoidal  notch,  559. 
Traverse  table  (sines  and  cosines), 

98,  etc. 
Traversing,  960. 

in  railroad  curves,  960. 
Tread,  Treads, 

-wheel,  590,  686. 

of  wheel,  1040. 
coning  of — ,  1040. 
Trees,  blasting  of — ,  1396. 
Trembling  of  dams,  648. 
Tremie,  1268. 
Trenton  wire  gauge,  1178. 
Trestle,  Trestles,  1037. 

cost  of—,  1110,  1111. 

timber  in — ,  1110. 

weights  of — ,  1110. 
Triangle,  Triangles,   148. 

in  or  about  a  circle,  162. 

element  of  truss,   690. 

force—,  367. 

mensuration  of — ,  148. 

right-angled — ,  150. 

similar—,  880. 

solution  of — ,  97  c. 
Triangular  truss,  692. 
Trigonometric 

formulas,  97  h. 

functions,  97,  97  a,  97  h. 
logarithmic,  72. 

tables    of — ,    143  a,    143  e 
143  0. 
Trigonometry,  plane — ,  97,  150. 
Triple  valve,  1041. 
Tripod,  292. 
Trolley,  Trolleys, 

railroad  lines, 
cost  of—,  1129. 
Trough,  Troughs, 

floors,  721.  750.  1206. 

flow  through — ,  544. 

-Ues,    791. 

track—,  1013. 
Troy  weight.  220. 
Truck,  Trucks, 

car  and  loco — ,  1039. 


True  or  apparent  solar  time,  265. 
True  elastic  limit,   459. 
Trunnion,  friction  of — ,  416. 
Truss,  Trusses,  689. 

and  beams,  comparison,  689. 
bracing  in—,  691,   710.  748. 
bridges, 

weights   of—,   781.   738. 
for   centers.   686,   etc. 
compression    and   tension    mem- 
bers of—,  1205. 
eounterbracing  of — ,   690,    705. 

712,  721,  738,  746. 
diagonals   in — ,  to  find  lengths 

of—,    160. 
end   reactions   in — ,   439.    699, 

702,    714. 
equilibrium  of — ,  437. 
forces  acting  upon — ,  487. 
Howe — . 

cost  of—,  1111. 
loads     on — ,     moving — ,      690, 
705,  709,  726,  755,  1089,  etc. 
members,  stresses  in — ,  698. 
moments  in — ,   440,   443. 
moving    loads    on — ,    690,    705. 

709,    726,    755.    1089.    etc. 
rafters  of — ,  691,  713,  etc. 
reactions  in — ,  439. 
reinforcement,  1296,   1301. 
roof — , 

loads  on — ,  764. 
specifications   for — ,    764. 
specifications   for — ,    744.    74^, 

764. 
tension    and    compression   mem- 
bers of — ,  1205. 
weighte  of—,  731,  738. 
Trussed 
bar.  1301. 

reinforcement,  1296,  1301. 
Tube,     Tubes.       See    also    Pipes. 
Flow,  etc. 
boiler—,   1164, 

brass  seamless   drawn — ,    1211. 
bubble — .  to  replace — .  296. 
copper  seamless  drawn — ,  1211. 
fire—,  1044. 
flow  in — ,  516. 
iron—,   1164. 
Pitot's — ,  536,  661. 
pressure    of    water   in — ,    511, 

518. 
seamless — ,  1211. 
short — ,  flow  through — ,  540. 
welded—,   1164. 
Tun.   216,  228. 
Tunnel,  Tunnels,  1086. 
clearance  in — ,   1048. 
cost  of — ,   1107. 
Turf, 

weight  of— ^  215. 
Turnbuckle,  TumbnckleB,  14<M. 
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Turner,  C.  A.  P. — , 

mnshroom  lystem,   1802. 
Turnout,   Tnmonts, 

Am  Ry  Engng  Assn,   864. 

closures  in — ,  864,  868,  873. 

cost  of—,  1113,  1114. 

•curve,   823. 

from   curve,   873.         . 

derailing—,  825..  826,  988. 

diamond — ,   825,   867. 

dimensions  of — ,  862,  864. 
Am  Ry  En^rng  Assn,  864. 

double — ,    823,    858. 

equilateral — ,    825,    867. 

frofrs,    828. 

gauge  in — ,   828. 

geometry   of — ,    848. 

lateral — ,    866. 

lead,  852,  868,  873. 

left-   and   right-hand,    822. 

radius  of — ,  860,  868,  etc. 

rails  for — ,  bending  of — ,   815. 

right-  and  left-hand — ,   822. 

sharpness    of — ,    852,    868,    etc. 

switch.      See    Switch,    Switches. 

three-throw — ,    828. 

ties.   843. 

timber  bill.  844. 
Turnpike,   grades   on — ,   255. 
Turntable,   Turntables,    996. 

cost  of — ,   1116. 
Turpentine.    1137,    1383. 
Twaddell  hydrometer,  211. 
Tympan,   687. 
Typical  wheel  loads,  705,  etc,  755, 

etc. 


U 

n.  S.     See  United  States,  below. 
Ultimate  stress,  456. 
Undecagon,    148. 
Underd  rains, 

railroad — ,  782. 
Underground    railroads, 

cost  of — .  1124. 
Ungula.  cylindric,  199,  897. 
Uniform, 

live  load,   705. 
loads, 

deflections  under — ■.  485. 
influence  diagram  for — ,  703. 
moments  due  to — ,  444. 
shears    due    to — ,    in    beams. 
447. 
Strength,    in    beams    and    canti- 
levers, 486. 
velocity,  831. 
Uniformity  coeiRcient,  1239,  1303. 
Union  Pacific  R  R, 

track  specifications,   780. 


Unit,  Units, 

adhesion,  1294. 

conversion  tables  of — ,  228-258. 

of  force,  338,  358. 

-frame,  1801. 

of  measures,  weights,   etc,  con- 
version  tables  of — ,   228-253. 

of  moment  of  inertia,  468. 

pressures,  conversion  of — ,  240. 

of  rate  of  work,  342. 

shear,  494  e. 

in  reinfd  cone  beams,  1293. 

stress,  456,  458,  467. 

stretch,  457,  458.  » 

of  work,   341. 
United  States, 

average  precipitation  in — ,  322. 

coins    of — ,    219. 

gaUon,  223,   224.  234. 

isogonic  chart.  300-1. 

measures,  223. 

standard    dimensions    of    bolts, 
etc,    1165. 
Unstable  equilibrium,  387.  514. 
Unsymmetrical    loading,    690. 
Upper  chord,  723,  733. 
Upper  culmination,   284. 
Upset  rods,  1168. 
Ursa  major  and  minor,  285. 


Vacuum 

brake,  1042. 
Vacuum  process  for  sinking  cylin- 
ders, 596. 
Valuation.    Valuations, 
railroad—,   1095. 

for  assessment.  1122. 
statistics,   1122. 
Value,  Values, 

per    length,    surface,    time,    vol- 
ume,  weight,   work,   etc,   con- 
version   of    units    of — ,    246. 
etc. 
present — ,   42,   44. 
Valve,  Valves, 
air—,  662. 
cost  of — ,   1426. 
gear, 

locomotive — ,   1045,   1046. 
-tower,  652. 

for  water  pipes,   666,   667. 
Vara,  227. 
Variation, 

of  compass,   801. 
line  of  no — ,  300. 
magnetic — ,   301. 
vernier,  296. 
Varnish,  cost  of — ,  1401. 
Vault  lights,  cost  of—,  1412. 
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Vegetation, 

in    reservoirB,    652. 
Vehicles, 

friction  of—,  414. 
Vein, 

contracted—,  541. 
Velocity, 

of  abrasion,  577. 
accelerated — ,  381. 
through  ajutages,  540. 
angular — ,   351. 
of  approach,   556. 
in  channels,   560. 
critical—,  415. 
defined,   831. 

effect  of —  on  friction,  412. 
of  falling  bodies,   848,   539. 
of  flow,   in  liquids, 
for  abrasion,  577. 
through  adjutages,  540. 
of  approach,   556. 
in  channels,  560. 

Bazin's   formula,   563. 
exponential  formulas,  529. 
Kutter's  formula,  564. 
Chezy  formula,  528. 
critical — ,   415. 
distribution   in    cross   section, 

527. 
due  to  a  given  head,  539. 
effect   of —   on   friction,    528. 
-head,   516. 
Kutter's  formula  for — ,   523, 

564. 
mean—,   522,   527.   528.   560 
through  orifices,  539.  546. 
in  pipes.   516.  etc,  529. 
in   rivers,    560. 
in  sewers,  574. 
in  short  tubes,  540. 
•head,  516,  1065. 
on  inclined  planes,  349. 
mean — ,   522,   527.   528,   560. 
through  orifices,  539,  546. 
in  pipes,  516,  etc,  529. 
retarded — .    331. 
in  rivers,   560. 
in  sewers,   574. 
in  short  tubes,  540. 
of  sound,  316. 
train — , 

effect  of —  on  train  resistance 

1059,    1062. 
and   grade,   1071. 
-head.  1065. 
virtual — ,    1070. 
uniform — ,    331. 
units     of — ,     conversion     of — , 

242. 
virtual — ,    1070. 
of  wind,   321. 
Vena  contracta,  541. 


Ventilation, 

air,     quantity    of —    required, 
320. 
Venturi  meter,  532,  etc. 
Vernier,   293. 

variation  of — ,  296. 
Versed  sine,  97  a. 
Verst.   22.7. 
Vertex,  Vertices, 

in  railroad  curves,  875. 
Vertical,    Verticals, 
of   buoyancy,    514. 
circle,  astronomy,  284. 
curves,    1077. 
defined.  92. 
of  equilibrium,   514. 
of  flotation,  514. 
shear,   494  e,  494  «. 
Vessel,  Vessels, 
air — ,  663. 

contente  of — ,  198,  223. 
floating — ,    514,    515. 
metallic — ,  effect  of  water  on — , 
327,  1209. 
Viaduct,      Viaducts,       See       also 
Trestles,  and  Trusses, 
erection  of — ,  743. 
Vibration,  350. 
Vicat  needle,   1246. 
Vinculum,   38. 
Virtual, 

grade,   1071. 

head,  539,  578,  1070,  1071. 
profile,  1071. 
velocity,  1070. 
Vis  viva,    343. 
Vitrified  pipe,  575,  1426. 

culverts,   1110. 
Void,  Voids, 
in    broken    stone,    688,     1253. 

1256. 
in   concrete,  1256,  1305. 
in  rubble.  1023.  1217. 
in  sand,  214,  1240,  130S. 
Volume,  Volumes, 

of  air,  weights  of — ,  conversion 

of—,  242. 
constancy     of-—      (soundness), 
1229,      1230,      1232,      1234, 
1237,      1244,      1217,      1304. 
1305. 
and  equivalent  depths,  251. 
per  surface  per  time, 
units  of — , 

conversion   of—,   251. 
equivalent  velocities,   252. 
per  surface,  units  of — .   239. 
per  time,  units  of — .  243. 
unit — ,  conversion  of — .  234. 
of  unit  weights  of  air,  242. 
of  water,  weights  of — ,  241. 
Voussoir.   613. 


Digitized  by  CiOOg  IC 


INDEX. 


15530 


'WaflTon — ^Wmter, 


W 


Wagon,  Wagons, 

friction   of—,    414. 
Wall,  Walla, 

battered — ,  605. 

bricks,  number  of —  in  a  sq  ft 
of—,  1217-1219. 

concrete,  forms  for — ,  1264. 

cost  of — ,   601,  602. 

dam — ,   508. 

face — ,   603. 

foundations  for — ,  582. 

incrustation  of — ,  1221,  1249. 

to  resist  water  pressure,  508. 

retaining — ,   603. 
concrete — . 

cost  01 — ,  1378. 

soap  wash  for — ,  1220. 

spandrel — ,  613. 

stability  of — ,   508,   606. 

surcharged — ,  605,  etc. 

water, 

to  resist  pressure  of — ,    508. 

wharf—,  515,  611. 

wing — ,  624. 
Walnut, 

strength  of — ,  476,  1137,  1138. 

weight  of — ,   215. 
Walscnaerts  valve  gear,  1045. 
Warren  truss,  692. 
Washer,   Washers,    1165. 

lock-nut — ,   1167. 
Washes  for  walls,  1220,  1383. 
Washing, 

of    concrete,    cost    of —      1376, 
1378. 
Waste  of  water,  649. 
Watch,  to  regulate — ,  by  the  stars, 

266. 
Water,     326.       See     also     Pipes, 

Flow,   etc. 

for   boilers,    327. 

boiling — .    to    measure    heights 
by—,  314. 

brick  work,   to  render  impervi- 
ous to — ,  1220. 

buoyancy,   513. 

cisterns,  1011-1013. 

-column,    1012. 

compensation — ,    653. 

composition    of — ,    326. 

compressibility    of — ,    326. 

in    concrete.      See    under    Con- 
crete, water — . 

concrete  under — . 

See  Concrete,  placing. 

consumption   of — ,   649. 
by  locomotives,   1050. 

corrosion  by — ,  327,  594. 

dams  for — ,  508,  642. 


Water, — continaed. 
effect  of — , 

on   dynamite,   1396. 

on  iron,  327,  828,  594.  1218. 

on  lime,  1217,  1218. 

on  metals,  827,  328.  1218. 

on  wood,   328. 

zinc  on — ,   328,   1209. 
evaporation  of — ,  329. 
for  flre  protection,  650. 
flow  of — ,    516,   etc.      See   also 

Flow, 
foot  of — ,  etc  (pressure),  equiv- 
alents of — ,  240. 
foundations  in — ,  583. 
freezing  of — ,   826,   328. 
head  of—,  258-260,  516. 
horse-power  of — ,  578. 
-jet  for  pile-driving,  595. 
leakage    of — ,    329,    561,    642, 

649,   651. 
for  locomotives,  327,   1012. 
meters,  532,  586,  562,  649. 

cost  of —  1422. 
mixing—,  1235,   1245. 
pipes, .  653,  etc. 
in   pipes.      See  Pipes,   Velocity, 

Flow,     Discharge,     Pressure, 

etc. 
-power,   578. 
-pressure,   501,   etc,   518. 

in  cylinders,  511. 

in    pipes,    511,   518. 

planks,  to  resist — ,  586,  648. 

of   running — ,    578. 

of  still — ,   501,   etc. 

wall  to  resist — ,  508. 
-proofing.       See    Waterproofing, 

below, 
quantity     required     in     mortar, 

1245.     See  under  Mortar, 
rain — ,   322,   327. 
-ram,    513,   663,    668. 
resistance       of —      to      moving 

bodies,  578. 
running — ,   pressure   of — ,   578 
salt — ,    effect    of —    on    metals, 

327,    594. 
scouring  action  of — ,  577. 
sea — ,   326,   328,   594. 

effect  of — , 

on    concrete,     1250,     1276. 

1304,   1306. 
on   mortar,   1250. 
stations,  1011. 

cost  of — ,   1116,  1118. 
storage  of — ,  650,  etc. 
supply,   322,   649. 
traction   on — ,   683. 
velocity  of — ,  516,  etc.     See  also 

Velocity. 
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Water, — continued. 

volnmes    of    unit    weight    of — , 

conyersion  of — ,  242. 
walls    to    resist    pressure    of — , 

508,   515. 
waste  of — ,  649. 
•way,     contraction     of — ,     575. 

623. 
weight  of—,   241,   826. 

in   pipes,    525. 

of  unit  yolumes  of — ,  241. 
wheel,  578. 
works,    649, 
depreciation  of — ,  45. 
Waterproofing, 

asphalt,    1220.      See    also   Con- 
crete,   permeability, 
for  walls,    1220. 
Watt, 

equivalente  of — ,  245. 
-hour,  equivalents  of — ,    287. 
Wax,  weight  of — ,  215. 
Way,  maintenance  of — ,  820. 
Wear, 

of  tools,   1025. 
Web.  Webs, 

-members,   689. 

in   plate  girders,   748. 

-plates,   permissible   shear  in — , 

762. 
reinforcement,   1800,   1867. 
stresses,  702. 

live-load — ,  706. 
Wedge,  Wedges, 

mensuration  of — ,  203. 
striking —     for     centers,      631, 

632,    640. 
Week.   Weeks,   236,  265. 
Weight.    Weighte,    212.      See    also 
the  article  in  question, 
of  bridges,   731,   738. 
of  centers  for  arches,  639. 
of  crowd,   726. 
on  driving  wheels,  705,  ete,  755, 

etc. 
French — ,  old — ,  226. 
International   Bureau  of —  and 

Measures,   217. 
per  length,  unite  of — ^  239. 
and  measures,  216. 

conversion  tables  of  units  of 
— ,  228. 
metric — ,  217,  226,  228,  etc. 
Russian — ,  227. 
Spanish — ,  227. 
of  substances,   table  of — ,    212. 

See    also    the    substance     in 

question, 
per  surface  unit, 

unite  of — -,  240. 
of  truss  bridges,   781,  788. 
unit — t  conversion  of — ,  285. 
of  unit  volumes  of  water,  241. 


Weight,  Weighte, — continued. 

per    volume    unit,    unite    of — , 
241. 
Weir,   Weirs,   547. 

discharge,  formulae  for — ,  540 

measuring — ,  547,  646. 

submerged — ,  554. 
Weisbach  formula, 

for  friction  head,  528. 
Welded  wire,  1300. 
WeU,   WeUs, 

artesian — ,  671. 

-boring,  670. 

contento  of — ,  197. 

masonry,  quantity  of —  in  walls 
of—,   198 
Wellhouse  process,  1135. 
Western  elongation,  284. 
Westing,  274. 
Wet  perimeter,  523,   563. 
Wharton   switeh,  842. 

for  derailing,  827. 
Wheel,   Wheels, 

-barrows,  earthwork  by — ,  1027, 
1034. 

-base,   1047,  1062. 

car — ,   1040. 

coning   of — ,    1061. 

centrifugal  force  in — ,   355. 

diagram,   706. 

driving — , 

loads  on — ,  705,  ete,  755,  etc. 

flange,  1046. 

guards,   750. 

inertia  of — ,  1064. 

loads,  705.  ete.  755.  ete. 
for  turntables.  998. 

locomotive — ,   1051. 

meters,   562. 

Persian — ^   687. 

and  pinions,  420. 

skidding  of — ,  413. 

tread — ,  590,  686. 

tread  of — ,  1040. 

^I^^f 578. 

Wheeled  scrapers,  1029.  1414. 

Whipple  truss.  694. 

White 

efflorescence    on    trails,     1221 
1249. 

lead  paint,   1382. 

Portland  cement,  1225. 

-wash,   1384. 
Whitworth  screw  thread,  etc.  1165. 
WiUiams-Haaen  formula,  529. 
Winch,  686. 
Wind.  321. 

loads,  710.  764. 

-mills,  1012. 

-pressure  on  roofs,  321,  764. 

resistance.    1062. 

on  roof  trusses,  718. 

stresses,   710^   758. 
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W]ne  xnessim,  223. 
Wing,  WingB, 
rails,  829,  880. 
walls,  624. 
Wire,  1169-1178. 

circular       measurement       of — , 

1171. 
cost  of — ,  1407. 
fence,  1406. 
gauges,   1169-1178. 
-glass,  cost  of — ,  1408. 
iron—,  1178. 
-lath.  1800. 
•rope,  1887,  1888. 
steel—.  1178. 
strength  of — ,   1212. 
welded—.  1800. 
Wtthler's  law,  465. 
Wood. 

See  also  Timber,  Wooden,  etc. 
board  measure,  table  of — .  269. 
compressibility  of — ,  460. 
compressive  strength  of — ,  1188. 
conservation  of — .  786.  787. 
cord  of — ,  234. 
cost  of — ,  1402. 
creosoting  of — ,  787,  788. 
decay  of—,  328,  1218. 
ducUlity  of — ,  460. 
effect  of  lime  and  mortar  on — , 

1218. 
effect  of  water  on — ,  328. 
elastic  limit  of — ,  460. 
elastic  modulus  of — ,   460. 
expansion  of —  by  heat,  317. 
friction  of—,  411. 
limit  of — ,  elastic — ,  460. 
modulus  of — ,  elastic — ,  460. 
pipe,  cost  of — ,  1426. 
preservation  of — ,  121 R.  1134. 
preservatives  for — ,  787. 
shearing  strength  of — ,  499. 
shingles,  1382. 
specific   gravity   of — ,    212. 
stave  pipe — ,  cost  of — ,  1426. 
strength    of — ,    476,    499,    500. 

760,  764,  1137-1149. 
stresses  in — , 

permissible — ,   760.   764. 
stretch  of — .  460. 
tensile  strength  of — .  1137. 
for  ties,  786. 

torsional  strength  of — -,  500. 
transverse    strength    of — ,    476, 

1139. 
treated — , 

life  of—.   788. 
weight  of—.  212,  218.  755. 
zinc-chloride      treatment      of — . 

787. 
Wooden.     See  also  Wood. 

beams.     476.     760.     762,     764, 

1189,  1142. 


Wooden, — continued, 
bridges,  732,  etc,  763. 
columns,  761,  763,  1143. 
dams,   642.  etc. 
floors  in  bridges.  750. 
joints.  734. 

pillars.  761,  763.  1143. 
pipes,  657. 

cost  of — .  1426. 
roof  trusses,  716,  732,  742. 
stave  pipe, 

cost  of — ,  1426. 
Worcester.    J.    R. — ,    column    for- 
mula, 498  &. 
Work,  341. 

on   curves,   1077. 

equivalence     of — ,     in     trusses, 

718. 
and   force,   relation   between — , 

841. 
of  friction,  418. 
on  grades,   1075. 
and  heat,  conversion  of  units  of 

— ,    237. 
linear  rate  of —  (force).  341. 
and  power,  relation  between — , 

345. 
rate  of — ,  unit  of — ,  342. 
of  resilience,  460. 
time  rate  of —  (power),  345. 

conversion  of  units  of — ,  244. 
units  of--,  341. 
useful — ,  842. 
per    volume    unit,    units    of — , 

245. 
Worm, 

sea—.  1184. 
Worth,  present — ,  42,  44. 
Wrecking  car.   1032. 
Wrecking  outfits.  1055. 
Wrought  iron.     See  also  under  the 
article  or  structure  in  question, 
bars,  1159.  1160. 
for  bridges,   requirements  of — , 

754. 
compressive  strength  of — ,  1213. 
elastic  limit  of — .  460,  1152. 
elastic  modulus  of — ,   460. 
expansion    of —   by    heat.    274, 

317. 
friction  of—,  411. 
modulus  of — ,  elastic — ,  460. 
pipes,  526,  656,  657,  1164. 
prices  of — ,  1403-4. 
requirements  of — ,  805.  1152. 
shearing  strength  of — ,  499. 
strength    of—,    476,    499,    500, 

1152,    1212,    1213. 
tensile      strength     of — ,      1152, 

1212. 
torsional  strength  of — ,  500. 
transverse  strength  of — ,  476. 
tubes,  weights  of — ,   1164. 
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Wrought  iron, — continued, 
water  pipes,  6.'>6. 
weight    of—.    213,    755,     1169- 
1164. 


Y-level.  806. 
Y-tracks,    825. 
Yard,  Yards.  216.  220. 
cubic — , 

of  earthwork,  1014. 
equivalents  of — ,  222. 
equivalents  of — ,  232. 
railroad — ,  994. 

classification — ,  1002. 
cost  of — ,  1117. 
forwarding — ,   1005. 
freight — .  1006. 
ladders  in — .  871. 
receiving — .  995. 
service — ,   995. 
shop — ,  996. 
and  sUtions,  994. 
Year. 

civil—,   266. 
equivalents  of — ,   286. 
sidereal — ,  2§6. 
Yellow  pine.     See  under  Pine. 
Yield  point,  455,  460,  1151.  1153. 


Z-bar,  1183-1185. 

columns,  353  b,  1188-1185.  llOi 

flooring,  1206. 
Zenith,   284. 
Zinc.  1208. 

-chloride  treatment, 
for  timber,  787. 

corrosion  of — ,  828. 

cost  of — ,  1409. 

•creosote,  787,  788. 

effect    of    cement,    mortar,     etc, 
on—,  1218,  1304. 

effect  of —  on  water,  1200. 

effect  of  water  on — ,    828. 

expansion  of —  by  hoat,  317. 

paint,    1382. 

paint  on — .  1162. 

price  of — ,   1409. 

roofing,  1208. 

sheets,   1208. 

strength  of — ,   1212,    1213. 

weight   of — .    215,    1157.    11.59, 
1160.  1169. 
Zone.  Zones, 

circular — ,  186. 

of  circular  spindle,  200. 

parabolic — ,   192,  209. 

spherical — ,  208. 

center  of  gravity  of — ,  396. 


THE  END. 
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